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cardiovascular 
“benefits 


t) cardiac output usually maintained 
' sodium and fluid retention 
generally controlled 
è two highly effective 


complementary agents 


As a fixed combination, ALDORIL is not indicated for initial 
therapy since hypertension requires therapy titrated to the 
individual patient. If an available strength of ALDORIL meets 
the patient's titrated needs, the combination drug may be 
more convenient in patient management. Therapy should be 
reevaluated as necessary. 

LDORIL is contraindicated in active hepatic disease; anuria; 

ypersensitivity to methyldopa or to hydrochlorothiazide or 
other sulfonamide-derived drugs; if previous methyldopa 
therapy has been associated with liver disorders. In patients 
with renal disease, thiazides may precipitate azotemia. Use 
with caution in patients with severe renal disease or impaired 
A hepatic function. 

- Jt is important to recognize that a posi- 
tive Coombs test, hemolytic anemia, 
and liver disorders may occur with 
‘methyldopa therapy. The rare occur- 
rences of hemolytic anemia or liver 
disorders could lead to potentially. 
fatal complications unless’properly 
recognized and managed. For-more 
etails, see the brief summary of 
prescribing information. = 











` Fra brief summary . 
of prescribing information, j 
i [ yPidise see following page. 
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ALDORIL 


containing methyldopa and hydrochlorothiazide 


The most prescribed 
combination antihypertensive 
in the U.S. today 





practical 
benefits 


effects on daily activities usually minimal: 


There is less frequent symptomatic postural hypotension with 
ALDORIL than with many other antihypertensive agents. Exercise 
hypotension and diurnal blood pressure variations rarely occur. 


e greater dosage convenience: a b.i.d. regimen is 


possible for many patients 


e four dosage strengths: offer the widest range of 
dosage strengths available in a combination antihypertensive 
TABLETS 
ALDORIL?-25 containing 250 mg ALDOMET" (Methyldopa, MSD) 
and 25 mg HydroDIURIL” (Hydrochlorothiazide, MSD) 

TABLETS b 

ALDORILE -15 containing 250 mg ALDOMET" (Methyldopa, MSD) 
and 15 mg HydroDIURIL” (Hydrochlorothiazide, MSD) 

TABLETS 

ALDORIT? D50 containing 500 mg ALDOMET® (Methyldopa, MSD) 
and 50 mg HydroDIURIL” (Hydrochlorothiazide, MSD) 

TABLETS 

ALDORILĽ D30 containing 500 mg ALDOMET* (Methyldopa, MSD) 
and 30 mg HydroDIURIL” (Hydrochlorothiazide, MSD) M S D 
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-Jead to potentially fatal complications unless properly 


Antik 


Y aitypertensive TABLETS nsive TABLETS 
ALDORIL® D50 ALDORIL® D30. 
methyldopa 500 mg and methyidopa 500 mg and 
hydrochiorothiazide 56 mg hydrochlorothiazide 30 mg 


WARNING 
This fixed combination drug is not indicated for initial therapy of hypertension. 
Hypertengion requires therapy ftrated to the individual patient. If the fixed 


combination represents the dosage so determined, its use may be more convenient in 
patient managemen:. The treatment of hypertension is not static, but must be 
reeValuated as conditions in each patient warrant. 





Contraindications: Active hepatic disease, such as acute hepatitis and active cirrhosis; 
if previous methyldopa therapy has been associated with liver disorders (see Warnings), 
anuria, hypersensitivity to methyldopa or to hydrochlorothiazide or other sulfonamide- 
derived drugs. 

Warniags: METHYLDOPA— It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur with methyldopa 
therapy. The rare occurrences of hemolytic anemia or liver disorders could 
recognized and 
managed. Read this section carefully to understand these reactions. 


With prolonged methyldopa therapy, 10% to 20% of patients develop a positive direct 


. Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at daily 


dosage of 1 gor less. This on rare occasions may be associated with hemolytic anemia, 


: which could lead to potentially fatal complications. One cannot predict which patients with 


a-positive direct Coombs test may develop hemolytic anemia. Prior existence or 
development of a positive direct Coombs test is not in itself a contraindication to use of 
methyldopa. If a positive Coombs test develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the positive Coombs test may be a problem. 
For example, in addition to a positive direct Coombs test there is less offen a positive 
indirect Coombs test which may interiere with cross matching of blood. 


At the start of methyldopa therapy, f is desirable to do a blood count (hematocrit, 


: hemoglobin, or red cell count} for a baseline or to establish whether there is anemia. 


Periodic blood counts should be done during therapy to detect hemolytic anemia. If may be 
useful to. do a direct Coombs test before therapy and at 6 and 12 months after the start of 
therapy. If Coombs-pesitive hemolyticanemia occurs, the cause may be methyldopa and 
the drug should be discontinued. Usually the anemia remits promptly If not, 
corticosteroids may be given and other causes of anemia should be considered. If the 
hemolytic anemia is related to methyidopa, the drug should not be reinstituted. When 
methyldopa causes Coombs positivity alone or with hemolytic anemia, the red cell is 
usually coated with gamma globulin: of the IgG (gamma G) class only. The positive 
Coombs test may not revert to normal enti! weeks to months after methyldopa is stopped. 


Should the need for transfusion arise ia a patient receiving methyldopa, both a direct and 





tensive TABLETS 


“Antibypertens © 5S Antinpertensie TABLETS 2 
methyidope 250 Gea A 260 mend 

me mga methyldopa 250 mga 
hydrochlorothiazide 25mg hydrochlorothiazide 15mg ” 


urinary uric acid by the phosphotungstate method, serum creatinine by the alkaline picraf 
method, and SGOT by colorimetric methods. Since methyldopa causes fluorescence jn 
urine samples at the same wavelengths as catecholamines, falsely high levels of urinary _ 
catecholamines may be reported. This will interfere with the diagnosis of pheo- ` 
chromocytoma. It is important to recognize this phenomenon before a patient with a 
possible pheochromocytoma is subjected to surgery. Methyldopa is not recommended for. 
patients with pheochromocytoma. Urine exposed to air after vaiding may darken because 
of breakdown of methyldopa or its metabolites. Involuntary choreoathetotic movements” 
have been observed in patients with severe bilateral cerebrovascular disease. Hf such 
movements occur, stop the drug. Patients may require reduced doses of anesthetics: 
hypotension occurring during anesthesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients on methyldopa because the drug is 
temoved by this procedure. 


HYDROCHLOROTHIAZIDE— Perform periodic determination of serum electrolytes to . 
detect possible electrolyte :mbalance. Observe all patients for evidence of fluid or 
electrolyte imbalance, namely, hyponatremia, hypochioremic alkalosis, and hypokalemia. ` 
Serum and urine electrolyte determinations are particularly important when patient is 
vomiting excessively or receiving parenteral fluids. Warning signs or symptoms of fluid 
and electrolyte imbalance include dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains er cramps, muscular fatigue, hypotension, 
oliguria, tachycardia, and gastrointestinal disturbances such as nausea and vomiting. 
Hypokalemia may develop, especially with brisk diuresis, in severe cirrhosis, with 
concomitant corticosteroids or ACTH, after prolonged therapy, or with inadequate oral 
electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to toxic: 
effects of digitalis (e.g.. increased ventricular irritability). Hypokalemia may beavoided or 
treated by use of potassium supplements, such as foods with a high potassium content, 
Although any chloride deficë is generaly mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease). 
chloride replacement may be required in metabolic alkalosis. Dilutional hyponatremia 
may occur in edematous patients in hot weather; appropriate therapy is water restriction,” 
rather than administration of salt, except in rare instances when the hyponatremia is life 
threatening. In actual salt depletion, appropriate replacement is the therapy of choice. 


Hyperuricemia may occur or acute gout may be precipitated in certain patients. insulin 
requirements in diabetic patients may be increased. decreased, or unchanged: latent 
diadetes mellitus may become manifest. Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the drug may be enhanced in posisympathec-_ 
tomy patients. May decrease arterial responsiveness to norepinephrine; this diminution is 
not sufficient to preclude effectiveness of the pressor agent for therapeutic use. Ii 
progressive renal impairment becomes evident, consider withholding or discontinuin 
diuretic therapy. Thiazides may decrease serum PBI levels without signs of thyroid. 


disturbance. Calcium excretion is decreased by thiazides. Pathological changes in the. . 
parathyroid glands with hypercalcemia and hypophosphatemia have been observed in az. 
few patients on prolonged therapy; thiazides shouid be discontinued before testing for 
parathyroid function. 


Adverse Reactions: METHYL DOPA— Central nervous system: Sedation, headache, . 


an indirect Coombs test should be performed on his blood. in the absence of hemolytic 
anemia, usually only the direct Coombs test will be positive. A positive direct Coombs test 
alone will not interfere with typing or cross matching. If the indirect Coombs test is also 
positive, problems may arise inthe majer cross match and the assistance of a hematologist 
of transfusion expert will be needed. 


~ Fever has occurred within the first three weeks of thera , Sometimes With eosinophilia or 


abnormalities in one or more liver function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT, bilirubin, cephalin cholesterol flocculation, 
prothrombin time, and bromsulphalein retention. Jaundice, with or without fever, may 


© occur, with onset usually within the first vo to three months of therapy. In some patients the 
“findings are consistent with those of cholestasis. Rarely fatal hepatic necrosis has been 
<- teported. These hepatic changes may represent hypersensitivity reactions; periodic 

© determination of hepatic tunction should be done particularly during the first 6 fo 12 weeks 
of therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver function 
< tests, or jaundice appear, stop therapy with methyldopa. If caused by methyldopa, the 
<- demperature and abnormalities in liver function characteristically have reverted to normal 
_ wher the drug was discontinued. Methyidopa should not be reinstituted in such patients. 


asthenia or weakness; dizziness. lightheadedness, symptoms of cerebrovascular . 
insufficiency, paresthesias, parkinsonism, Bell's paisy, decreased menial acuity. 
involuntary choreoathetotic movements; psychic disturbances, including nightmares and 
reversible mild psychoses cr depression. Cardiovascular: Bradycardia, aggravation of | 
angina pectoris. Orthostatic hypotension (decrease daily dosage}. Edema (and weight « 
gain} usually relieved by use of a diuretic. (Discontinue methyldopa if edema progresses 
or signs of heart failure appear) Gasiointestinal: Nausea, vomiting, distention, 
constipation, flatus, diarrhea, mild dryness of mouth. sore or “black” tongue, pancreatitis, 
sialadenitis. Hepatic: Abnormal liver function tests, jaundice. liver disorders. Hemato- 
iggic: Positive Coombs test, hemolytic anemia. Leukopenia, granulocytopenia, thrombo- 
cytopenia. Positive tests for antinuclear antibody, LE cells and rheumatoid factor. Alergie: 
Drug-related fever, lupus-like syndrome, myocarditis. Other: Nasal stuffiness, rise in BUN, 
breast enlargement, gynecomastia, ‘actation, impotence, decreased libido, dermatologic 


Rarely, reversible reduction of white bicod cell count with primary effect on granulocytes 
has been seen. Reversible thrombocytegenia has occurred rarely. When used with other 
-2 antihypertensive drugs, potentiation of antihypertensive effect may occur. Follow patients 
“carefully to detect side reactions or unusual manifestations of drug idiosyncrasy. 
HYDROCHLOROTHIAZIGE— Use with caution in severe renal disease. in patients with 
= rendi disease, thiazides may precipitate azotemia. Cumulative effects may develop in 
=- patents with impaired renal function. Use with caution in patients with impaired hepatic 
~-tunelion or progressive liver disease, since minor alterations of fluid and electrolyte 
~balarice may precipitate hepatic coma. May add to or potentiate action of other 
:antihypertensive drugs. Sensitivity reactions may occur in patients with or without a 
history of allergy or bronchial asthma. Passibility of exacerbation or activation of systemic 
“lupus: erythematosus has been reported. Lithium generally should not be given with 
diuretics because they reduce its renal clearance and add a high risk of lithium toxicity; 
read circulars for lithium preparations before use of such concomitant therapy. 
Pregnancy and Nursing. Use of any drug in women who are or may become pregnant 
requires that anticipated benefits be weighed against possible risks. 
Methyldopa and thiazides cross the placental barrier and appear in cord blood. 
No unusual adverse reactions have Been reported in association with the use of 
methyldopa during pregnancy. Although no obvious teratogenic effects have been 
reported, the possibility of fetal injury cannot be excluded. 
„ ae hazards of thiazides crossing the placental barrieg include fetal or neonatal jaundice, 
® a thrombocytopenia, and possibly other adverse reactions which have occurred in adults. 


reaccions including eczema and lichenoid eruptions, miid arthraigia, myalgia. 
HYDROCHLOROTHIAZIDE- Gastrointestinal system: Anorexia, gastric irritation, nausea, 
vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundige 
pancreatitis, sialadenitis. Cenfral nervous system: Dizziness, vertigo, paresthesia 
headache, xanthopsia. Hemate/ogic: Leukopenia, agranulecytosis. thrombacytopen) 
aplastic anemia, hemolytic anemia. Cardiovascular: Orhestatic hypotension (ma 
aggravated by alcohol, barbiturates, or narcotics). Hypersensitivity: Purpura, photosensis. . 
tvily rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis), leve% 
respiratory distress including pneumonitis, anaphylactic reactions. Other: Hygerglycé: 
mia, glycosuria, hyperuricemia. muscle spasm, weakness, restlessness, transient blurred - 
vision. Whenever adverse reactions are moderate ar severe, thiazide dosage should hg -~ 
reduced or therapy withdrawn. 


Mote: Tolerance may occur, usually between the second and third month of therapy. 4 
increasing dosage of either component separately or together frequently restores effective” 
control. Patients with impaired renal funclicn may respond to smaller doses. Syncope in ` 
dider patients may be related to increased sensitivity and advanced arteriasclerotic 1 
vascular disease; this may be avoided by lower doses. 

How Supplied: Tablets ALDORIL®-15, containing 250 mg methyldopa and 15mg 
hydrochlorothiazide, bottles ct 100 and 1000; Tablets ALDORIL®-25, containing 250 mg 
methyldopa and 25mg hydrochlorothiazide, bottles of 100 and 1000. Tabi 
ALDORIL® D30, containing 50 mg methyldopa and 30 mg nydrochlorothiazide, bottle 

of 100; Tablets ALDORIL® 050, containing 500 mg methyldopa and 50 mg hydrory 


4 


i 











* 


Methyldopa and thiazides appear in breast milk. Patients taking ALDORIL shouid not cnlorothiazide, bottles of 100. ò J 
nurse. a, mE rane, For more detailed information, consult your MSD representative or see {ull MSD 4 
Precautions: METHYLDOPA— Shouic be uSed with caution in patients with history of prescribing information. Merck Share & Dohme, Division of Merck & Co., 
previous liver disease or dysfunction (see Warnings). May interfegewith measurement of inc. West Poinf, PA 19486. JOARIORT (026) 7 
i per ` ~ 
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Before prescribing, see complete prescribing information in 
SK&F Co. literature or PDR. A brief summary follows: 





. *| WARNING 
This drug is not indicated for initial therapy of edema or 
hypertension. Edema or hypertension requires therapy 
titrated to the individual. If this combination represents 
the dosage so determined, its use may be more con- 
venient in patient management. Treatment of, hyper- 
tension and edema is not static, but must be reevaluated 
as conditions in each patient warrant 

. 


E Potassiu m-Spari ng Contraindications: Further use in anuria, progressive renal 


or hepatic dysfunction, hyperkalemia. Pre-existing elevated 
serum potassium. Hypersensitivity to either component or 
other sulfonamide-derived drugs 
Warnings: Do not use potassium supplements, dietary or 
otherwise, unless hypokalemia develops or dietary intake of 
potassium is markedly impaired. |f supplementary 
potassium is needed, potassium tablets should not be used. 
Hyperkalemia can occur, and has been-associated with 
n cardiac irregularities. It is more likely in the severely ill, with 
Each capsule contains 50 mg. of Dyrenium® (brand of urine volume less than one liter/day, the elderly and dia- 
triamterene) and 25 mg. of hydrochlorothiazide. betics with suspected or confirmed renal insufficiency. 
Periodically, serum K* levels should be determined. If 
M k S hyperkalemia develops, substitute a thiazide alone, restrict 
a es ense K* intake. Associated widened QRS complex or arrhyth- 
mia requires prompt additional therapy. Thiazides cross 
the placental barrier and appear in cord blood. Use in 








Serum K+ and BUN should be pregnancy requires weighing anticipated benefits against 
i H possible hazards, including fetal or neonatal jaundice, 
checked periodically A, 
(See Warnings). other adverse reactions 
b seen in adults 


Thiazides appear 
and triamterene 
may appear in 
breast milk. Iftheir 
use is essential, 
the patient should 
stop nursing 
Adequate informa- 
tion on use in children 
is not available 
Precautions: Do periodic 
serum electrolyte determina- 
tions (particularly important in 
patients vomiting excessively or 
receiving parenteral fluids) 
Periodic BUN and serum creati- 
nine determinations should be 
made, especially in the elderly, 
diabetics or those with suspected 
or confirmed renal insufficiency. 
Watch for signs of impending 
coma in severe liver disease. If 
spironolactone is used con- 
comitantly, determine serum K* 
frequently; both can cause K+ 
retention and elevated serum 
K+. Two deaths have been 
reported with such concomitant 
therapy (in one, recommended 
dosage was exceeded, in the 
other serum electrolytes were not 
properly monitored).Observe 
regularly for possible blood dyscra- 
sias, liver damage, other idiosyn- 
cratic reactions. Blood dyscrasias 
have been reported in patients 
receiving triamterene, and 
leukopenia, thrombocytopenia 
agranulocytosis, and aplastic 
anemia have been reported with 
thiazides. Triamterene is a weak 
folic acid antagonist. Do 
periodic blood studies in 
cirrhotics with splenomegaly. 
Antihypertensive effect may 
be enhanced in post-sympathec- 
tomy patients. Use cautiously 
in surgical patients. The following 
may occur: transient elevated 
BUN orcreatinine or both, hyper- 
glycemia and glycosuria (diabetic 
insulin requirements may be 
altered), hyperuricemia and gout, 
digitalis intoxication (in hypo- 
kKalemia), decreasing alkali reserve 
with possible metabolic acidosis. 
*Dyazide’ interferes with fluorescent 
measurement of quinidine. 
Diuretics reduce renal clearance of lithium 
Ad increase the risk of lithium toxicity. 
Reactions: Muscle cramps, weakness, 

















nausea and vomiting, diarrhea, constipation, other gastroif- 
Ld testinal disturbances. Necrotizing vasculitis, paresthesias, 
SIKKG&F CO. icterus, pancreatitis, xanthopsia and, rarely, allergic pneu- 
Carolina, P.R. 00630 monitis have occurted with thiazides alone 
` ` Supplied: Bottles of 100 and 1000 capsules; Single Unit 
ae.” ©SK&F Co., 1979 re Packages of 100 (intended for institutional use only) 


8S, headache, dry mouth; anaphylaxis, rash, urticagia, 
ensitivity, purpura, other dermatological conditions ™ ` ø 
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For patients who need K CI- 
one sparkles bright: 


KLORVESS 
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ready in seconds instead of minutes 
— fast dissolution so unique it’s patented* 


pleasant citrus flavor 


each packet delivers 20 mEq of potassium 
and chloride 


easily carried in patient’s pocket or purse 


can be mixed with water or other liquid for 
pleasant daily dosage 


sugar, sodium, carbohydrate and dye free 


Give your og pide the KLORVESS sparkle 


Please see brief summary of prescribing information on adjoining page 
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) Give your patients 
“the KLORVESS'’ sparkle 


“Klorvess® Effervescent Granules and 


Klorvess® (potassium chloride) 10% Liquid 


Briel summary of prescribing information 


DESCRIPTION: Klorvess Effervescent Granules: Each packet 
{2.8 g) contains 20 mEq each of potassiumand chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate 0.5 g. 
L-lysine monohydrochioride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescent formulation. Dissolution ofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochioride. 


Kiorvess (potassium chloride} 10% Liquid: Each tabiespoonful 
(15. mii contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and treatment of potassium 
depistion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 
PRECAUTIONS: In response to arise inthe concentration of body 
potassium, renal excretion of the ionis increased. inthe presence 
of normal renal function and hydration, it is difficult to produce 
<= potassium intoxication by oral potassium salt supplements. Since 
‘the extent of potassium deficiency cannot be accurately deter- 
“mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
X * et contents of Kiorvess Effervescent Granules in 3 to 4 ounces 











of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful-of Klorvess {potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 

ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
Mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia-is characterized by the early appearance of tall, peaked 
waves. The R wave is decreased in amplitude and the S wave 
deepens: the QRS complex. widens progressively. The P wave 
“Widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 


DOSAGE AND ADMINISTRATION: Kiorvess Effervescent 
Granules: Adults— One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 


Klorvess {potassium chloride} 10% Liquid: Adults—One tabie- 
_. spoonful (15 ml) completely diluted in cold water 2 to 4 times 
% daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
7) “mediately after eating. 

OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under “Contraindications” Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapida lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: Kiorvess Effervescent Granules— packages of 
30 packets (2.8 g each). Kiorvess (potassium chloride} 10% Liquid 
{dark red}—as a cherry-with-pit flavored liquid in pint and galion 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: Klorvess Effervescent 
Granules—packages of 1000 packets; Klorvess Liquid—36 (3 x 
12). x 4 oz Unit-of-Use bottles and 100 (4 x 25} x 15 mi Unit- 
Dose bottes. 


{For complete details, please consult full prescribing information) 
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...during episodes of éfidtional stress or physical exertion. 


SUMMARY OF PRESCRIBING INFORMATION 
Indications: Based on a review of this drug by The National Academy bral ischemia associated with postural hypotension; individual marked 
of Sciences—National Research Council and/or other information. sensitivity to the hypotensive effects of nitrates wherein severe responses 
FDA has classified the indications as follows: can occur even with the usual therapeutic dose (alcohol may enhance 
“Probably” effective: The chewable dosage form of SORBITRATE this effect); drug rash and/or exfoliative dermatitis 
is indicated for the treatment of acute anginal attacks and for prophy- This drug can act as a physiological antagonistto norepinephrine, acetyl- 
laxis in situations likely to provoke such attacks. choline, histamine and other agents 
Final classification of the less-than-effective indications requires Dosage and Administration: /ndividual Dose: To minimize hypoteńsiv > 
further investigation responses, which may occasionally be severe with chewable doses as 
Contraindications: A history of sensitivity to the drug. low as 5 mg., the smallest effective dose should be employed. Chewable 
Warnings: Data supporting the use of nitrates during the early days of the tablets are generally given in doses of 5 mg. 
acute phase of myocardial infarction are insufficient to establish safety. Dosage Schedule: Smallest effective dose necessary for the prevention 
Precautions: Tolerance and cross tolerance to other nitrates may occur. and treatment of pain of an angina attack. CHEWABLE SORBITRATE® 
Adverse Reactions: Headache which may e (isosorbide dinitrate) may be taken for 
be severe and persistent. Lowering the U (0) 2 hours of an ina prompt relief of angina pain three or four 
dose and using analgesics will help control p g times daily. Although the onset and dura- 
the headaches which usually diminish or ry e tion of effect of coronary nitrates may 
disappear as therapy is continued rotection At mealtime vary, following is the generally reported 
Adverse reactions seen occasionally: p e range of these values for CHEWABLE 


Cutaneous vasodilation with flush- SORBITRATE = 
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ing; transient dizziness and weak- an an oth r time of stres Onset of Effect: Two to five minutes 
ness as well as other signs of cere- y e Durationof Effect: Onetotwohours 


CHEWABLE SORBITRATE’ 


(ISOSORBIDE DINITRATE) 5mg.and 10mg. 
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CLINICAL STUDIES 


-Arrhythmia i in Hypertrophic Cardiomyopathy: Exercise Electrocardiographic.and 48 Hour Ambulatory — 
Assessment With and Without Beta Adrenergic Blocking Therapy 


WILLIAM: J- McKENNA, SIVABAKIYAM CHETTY, CELIA M. OAKLEY and JOHN F. GOODWIN 


Submaximal treadmill exercise electrocardiography and 48 hour ambulatory electrocardiographic monitoring a 
in 30 patients with hypertrophic cardiomyopathy revealed that asymptomatic ventricular arrhythmias commonly | 
occur in such patients and their frequency is not reduced by beta adrenergic blocking therapy. During exercise | 
testing ventricular extrasystoles developed in 60 percent of the patients and paired ventricular extrasystoles in 
10 percent. This frequency was almost identical with and without beta adrenergic blocking therapy. These re 
sults indicate the need for alternative antiarrhythmic agents for the treatment of ventricular arrhythmias in | 
tients with this disorder. Currently available beta blocking drugs should principally be used for the control of es- 
tablished and paroxysmal ‘atrial fibrillation and to alleviate symptoms, especially angina pectoris. 





6- M Mode Echocardiography in Hypertrophic Cardiomyopathy: oo Criteria and Prediction of 
Obstruction 


YOSHINORI L. DOI, WILLIAM J. McKENNA, JÜRGEN GEHRKE, CELIA M. OAKLEY and JOHN F. 
GOODWIN 


M mode echocardiographic studies of 70 patients with clinical and angiographic evidence of hypertrophic ar 

diomyopathy revealed that ventricular septal thickness of 13 mm or greater plus systolic anterior movement of 
the mitral valve or mid systolic closure of the aortic valve best differentiated obstructive (resting and labile) from as 
nonobstructive hypertrophic cardiomyopathy and the heart with obstructive hypertrophic cardiomyopathy from: = - 
the normal heart. No single echocardiographic feature was present in more than 83 percent of patients and = 
therefore by itself diagnostic of hypertrophic cardiomyopathy. oe 


Left Ventricular Relaxation and Filling Pattern in Different Forms of Left Ventricular Hypertrophy: An 
Echocardiographic Study 


PETER HANRATH, DETLEF G. MATHEY, RALF SIEGERT and WALTER BLEIFELD 


This study of left ventricular relaxation and filling in different forms of lett ventricular hypertrophy indicates that 
patients with hypertrophic obstructive cardiomyopathy and chronic left Nentricular pressure overload have an 
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introducing the Datascope 
Hospital System. 
The most advanced defibrillator 
system ever put on a crash cart. 
Or ever taken off one. 
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Defibrillators for the 

ital have always been a 

promise. 

Those designed for a crash 
cart are difficult to use away from 
the crash cart because they’re so 
weavy and unwieldy. 

-And the portables, while 
offering more portability, don’t 
have the capability of their 
heavier counterparts. 

You’ve had to choose 
between performance and porta- 
bility. Until now, you couldn’t 
have both. 





- We’re pleased to offer you 
the first defibrillator system 
that doesn’t force you to com- 
promise: the Datascope Hospital 
System. 

r, The Datascope Hospital 
Sign is the M/D3 defibrillator/ 
mdhitor/recorder and the support 
module in which it nests. 

Since you may need a 
defibrillator on a cart, or a 

ble to reach and transport a 

tient, we designed the M/D3 

ake other defibrillators. 

"~ The Datascope Hospital 
System separates in a manner that 
makes sense. The defibrillator, 
monitor and recorder all remain 

tact as a compact unit. So you 

wiys have everything you need 


with you where you need it, when 
you need it. The support module 
separates and remains on the 
crash cart, leaving unnecessary 
weight behind. 

On or off a crash cart, it 
has features found in no other 
system. 

The scope on the Hospital 
System is 5” in diameter. 

The same size as scopes on 
defibrillators weighing 35 to 40 
pounds. 

The monitor offers 2 large 
digital displays. One for heart 


rate and one for delivered energy. 
(To our mind, lights are simply 


not an adequate indication of such 


critical parameters.) 

The support module for the 
Datascope Hospital System has a 
built-in delivered energy tester. 
Here again, instead of a light 





that merely indicates, theré’s’ 

a meter that accurately measures 
the delivered energy through- 
out the entire range of the 
defibrillator. 

There’s a document switch 
on the defibrillator paddles to 
trigger the strip chart recorder. 
And the paddles rapidly 
disconnect for easy changes or 
replacement. 

Perhaps the most important 
innovation of all, ours is the first 
defibrillator system to end the 
fear of battery failure. 

The M/D3 
incorporates three 
totally independent 
power systems: complete 
ac line operation, 
nickel-cadmium batteries 
that recharge in less than 
five hours, and the world’s 
first Lithium Emergency 
Power Pack. This 
revolutionary power 
pack remains fully- 
charged in the unit for 
up to 5 years. In the 
event that all other power 
sources fail, you merely 
activate the Emergency 
Pack to instantly power 
the monitor and defibrillator. 

For all of its features, the 
M/D3 weighs less than 28 
pounds and is extremely easy 
to operate. 

We urge you to see a 
demonstration of the new 
Datascope Hospital System. 
There has never been any 
defibrillator in a hospital like it. 
On or off a crash cart. 

To arrange for a demonstra- 
tion call us at 201-265-8800. 
Datascope Corp., Box 5-AA, 
Paramus, NJ 07652. In Europe: 
Datascope B.V., Post Box 26, 
3870 CA, Hoevelaken, Holland. 


The Datascope N/D3 ‘ 
. Hospital System v 
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The original dipyridamole. 7 


During the 17 years that Per- 
santine has been used for long- 
term therapy of chronic angina 
pectoris* physicians have 
developed an increasing famili- 
arity with this drug. This famili- 
arity is reflected in a steady 
growth in Persantine use during 


wouldnt you 
rather have the 
original? 


This statuette of Tutankhamun, as the 
god Horus of Lower Egypt, has been re- 
produced many times — often in solid 
gold replicas worth thousands. The 
original, however, remains priceless 


Lee Boltin/Metropolitan Museum of Art 





those years. Clinicians today 

have extensive experience with 

dipyridamole, and this experi- 

ence has been derived from 

one compound. 

Persantine. ..from Boehringer 

Ingelheim Ltd. yi 
The original dipyridamole. 
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*INDICATIONS —Based on a review of this 
drug by the National Academy of Science- 
National Researth Council and/or other in- 
formation. FDA has classified the indication 
as follows 


Possibly” effective: For long-term therapy 
of chronic angina pectoris. Prolonged 
therapy may reduce the frequency or elim- 


* inate anginal episodes, improve exercise 


“tererance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the 
acute anginal attack. e > 


Final classification of the less-than-effective 
indications requi res further in vestigation 


CONTRAINDICATIONS—No 
specific contraindications are 
known 


PRECAUTIONS—Since exces- 
sive doses can produce pe- 
ripheral vasodilation, the drug 

| should be used cautiously in 

| patients with hypotension 


ADVERSE REACTIONS— 
Adverse reactions are minimal 
and transient at recommended 
dosages. Instances of head- 
ache, dizziness, nausea, flush- 
ing, weakness or syncope, mild 
gastrointestinal distress and 








skin rash have been noted dur- 
ing therapy. Rare cases of what 
appeared to be an aggravation 
of angina pectoris have been 
reported, usually at the initia- 
tion of therapy. On those un- 
common occasions when ad- 
verse reactions have been 
persistent or intolerable, with- 
drawal of medication has been 
followed promptly by cessation 
of undesirable symptoms 


DOSAGE AND ADMINISTRA- 
TION The recommended dos- 
age i$ 50 mg (2 tablets) three 


© 


times a day, taken at least one 4 
hour before meals. In some 

cases higher doses may be nec- p“ 
essary but a significantly 

increased incidence of side 

effects is associated with in- 

creased dosage. Clinical re- 

sponse may not be evident be- 

fore the second or third 

month of continuous therapy. ; 
Tablets of 25 mg q 
For complete details, please see 
the full prescribing information. ` 


Boehringer Ingelheim Ltd 
Ridgefield, CT 06877 
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abnormally prolonged relaxation period often associated with a reduced increase in diameter during a shortened — 
rapid filling phase. In chronic pressure overload the end-diastolic dimensions are normal because atrial comrac- 
tion compensates for the reduction in early diastolic filling. In hypertrophic obstructive cardiomyopathy, the 
compensatory mechanism fails to achieve a normal left ventricular end-diastolic dimension. 





24. The Heterogeneity of Hypertrophic Cardiomyopathy: An Autopsy and One Dimensional 
Echocardiographic Study 


JEANNE Y. WEI, JAMES L: WEISS and BERNADINE H. BULKLEY 


At autopsy only two of nine consecutive patients with a diagnosis of idiopathic hypertrophic subaortic stenosis 
on one dimensional echocardiography exhibited asymmetric septal hypertrophy and myocardial fiber disarray. 
The other seven had no-evidence of hypertrophic cardiomyopathy on gross examination or light microscopy. 
Two had concentric left ventricular hypertrophy, one had severe coronary atherosclerosis with cardiac hypertro- 
phy, one had cardiac amyloidosis and three had no evidence of cardiac disease. These data suggest that systolic 
anterior motion of the mitral valve and asymmetric septal hypertrophy may be sensitive but poorly predictive of 
idiopathic hypertrophic subaortic stenosis in a general hospital population. 





33 _ Hypertrophic Cardiomyopathy After Aortic Valve Replacement 
i RICHARD THOMPSON, MOHAMMED AHMED, RONALD PRIDIE and MAGDI YACOUB 


Although the association of hypertrophic cardiomyopathy and aortic valve stenosis is well documented, this re- 
port describes six.women who first manifested hypertrophic cardiomyopathy 3 to-5 years after successful homo- 
Pee graft. replacement of the aortic valve. in these patients left ventricular mass showed no significant regression — 
and actually increased progressively with the passage of time. This increase in mass was accompanied by. a — 
similar progressive increase in the ejection fraction andin the septal/posterior wall thickness ratio. Although it - i 

seems probable that these six patients represent another facet in the spectrum of hypertrophic cardiomyopathy, 

the mechanism that allows continuous left ventricular hypertrophy to occur after successful valve replacement — 

in the absence of abnormal loading conditions is not known. om 


- 42 : Hemodynamic Evaluation of Patients With Combined Mitral and Aortic Prostheses 
WILLIAM A. BAXLEY and BENIGNO SOTO 





Based on a 4 year experience with 22 patients with combined aortic and mitral mechanical valve prostheses 
who required complete hemodynamic evaluation, this report describes a standardized procedure of transthorac- 
ee ic needle puncture of the left ventricle providing reasonable efficiency and safety. Although there were no fatal 
e or permanent residual sequelae in this study, 18 percent had significant complications attributable to the diag- 
nostic procedure. Alternative methods include retrograde aortic catheterization of the prosthesis, transseptal == 
Ts left atrial catheterization with anterograde crossing of the mitral prosthesis, and transapical pressure measure- => 
ment with a smaller needle combined with quantitative left atrial angiography. oe 


48 - Coronary Hemodynamic Effects of Ergonovine Maleate in Human Subjects 


ARTHUR E. ORLICK, DONALD R. RICCI, PAUL R. CIPRIANO, DIANA F. GUNTHANER and DONALD C: 
HARRISON l 


This study of the coronary hemodynamic effects of ergonovine maleate in 15 patients suggests that4this agent 2o 
effectively limits the ability of the myocardial arteriolar bed to dilate in response to an augmented myocardial 
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The tasteless Slow- K tablet that 
doesn't insult food 


Slew- 


® 





(potassium chloride) 
slow-release tablets 8 mEq 


The right taste 


The right taste in potassium 
supplementation is no taste or after- 
taste. That’s the taste of Slow-K. 
Tasteless. Even when taken with 
meals, it allows patients to enjoy the 
flavor of food. Compare this with 
liquid K’s unpleasant taste. It’s easy 
to see why Slow-K was the over- 
whelming choice of patients in taste 
comparisons with liquid KCI and 
potassium gluconate preparations?” 


The right salt 


Potassium chloride, the active 
ingredient of Slow-K, “...is the salt 
of choice to correct the hypokalaemic 
alkalosis resulting from thiazides and 
related diuretics. ...”3 


The right delivery 


Slow-K delivers KCI slowly, 
through controlled, gradual release 


N within the gastrointestinal tract. Pa- 


vie 
N 


tients encounter much less nausea, 
heartburn and diarrhea than with 
liquid KCI, as demonstrated by com- 
parative studies. ' (Occurrence of ab- 
dominal cramping was comparable.) 


Patients also appreciate the con- 
venience of a small, easy-to-carry 
Slow-K tablet. 


Slow- K...When compliance 


with liquid K supplements 
is a problem“ 


*Slow-release potassium chloride tablets should be reserved 


for patients who cannot tolerate, refuse to take, or have com- 
pliance problems with liquid K preparations because of re- 
ports of GI ulceration and bleeding with slow-release KCI tab- 
lets (total number of GI lesions in both foreign countries and 
the United States remains less than one per 100,000 patient- 
years). The incidence of lesions with enteric-coated KCI tab- 
lets is 40-50 per 100,000 patient-years 


References 
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ceutical Company, Summit, New Jersey. 

2. Tarpley EL: Controlled-release potassium supplementation 
Curr Ther Res 16 (7):734-741 (July) 1974 

3. Editorial: Slow-K, quick quick, slow. The Lancet // (7889): 
1123-1124 (Nov. 9) 1974 
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DESCRIPTION ~ 

Slow-K is a sugar-coatèd (not enteric-coated) tablet containing 600 mg potas- 
sium chloride (equivalent to 8 mEq) in a wax matrix. This formulation is in- 
tended to provide a controlled release of potassium from the matrix te 
minimize the likelihood of producing high localized concentrations of potas- 
sium wathin the gastrointestinal tract 


INDICATIONS 
BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
ARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
1. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication anc in patients with hypokalemic familial 
periodic paralysis. 

2. For prevention of potassium depletion when the dietary intake of potassium 
is inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure; hepatic cirrhosis with ascites; states of 
aldosterone excess with normal renal function; potassium-losing nephropathy, 
and certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a nor- 
mal dietary pattern. Serum potassium should be checked periodically, how- 
ever, and, if hypokalemia occurs, dietary supplementation with potassium- 
containing foods may be adequate to contro! milder cases. In more severe 
cases supplementation with potassium salts may be indicated 
CONTRAINDICATIONS 

In patients with hyperkalemia, since a further increase in serum potassium 
concentration in such patients can produce cardiac arrest. Hyperkalemia may 
complicate any of the following conditions: chronic renal failure, systemic 
acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
breakdown as in severe burns, adrenal insufficiency. or the administration of a 
potassium-sparing diuretic (eg, spironolactone, triamterene) 

Wax-matrix potassium chloride preparations have produced esophageal ul- 
ceration in certain cardiac patients with esophageal compression due to 
enlarged left atrium. 

All solid dosage forms of potassium supplements are contraindicated in any 
Patient in whom there is cause for arrest or delay in tablet passage through the 
G.I. tract. In these instances, potassium supplementation should be with a 
liquid preparation. 

WARNINGS 

Hyperkalemia: in patients with impaired mechanisms for excreting potassium, 
administration of potassium salts can produce hyperkalemia and cardiac 
arrest. This occurs most commonly in patients given potassium intravenously 
but may also occur when given orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. Use of potassium salts in patients with 
chronic renal disease, or any other condition which impairs potassium excre- 
tion, requires particularly careful monitoring of the serum potassium concen- 
tration and appropriate dosage adjustment. 

Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing diuretic (eg, spironolactone or triamterene), since the simultaneous 
administration of these agents can produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
fapidly dissolving tablet, which injures the bowel wall and thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formu- 
lated toprovide a controlled rate of release of potassium chloride and thus to 
minimize the possibility of a high local concentration of potassium ion near the 
bowel wall. While the reported frequency of small-bowel lesions is much less 
with wax-matrix tablets (less than one per 100,000 patient-years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient-years) 
cases associated with wax-matrix tablets have been reported both in foreign 
countries and in the United States. In addition, perhaps because the wax- 
matrix preparations are not enteric-coated and release potassium in the 
Stomach, there have been reports of upper gastrointestinal bleeding as- 
sociated with these products. The total number of gastrointestinal lesions 
femains-less than one per 100,000 patient-years. Slow-K should be discontin- 
ued immediately and the possibility of Dowel obstruction or perforation con- 
sidered if severe vomiting, abdominal pain, distention, or gastrointestinal 
bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 
potassium citrate, or potassium acetate 

PRECAUTIONS 

Potassium depletion is ordinarily diagnosed by demonstrating hypokalemia in 
a patient with a clinical history suggesting some cause for potassium deple- 
tion. In interpreting the serum potassium level, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia in the absence of a 
deficit in total body potassium, while acute acidosis per se can increase the 
serum potassium concentration into the normal range even in the presence of 
a reduced total body potassium. Treatment of potassium depletion, particu- 
larly in presence of cardiac disease, renal disease, or acidosis, requires 
careful attention to acid-base balance and appropriate monitoring of serum 
electrolytes, electrocardiogram, and clinical status of patient 

ADVERSE REACTIONS. 

Most common to oral potassium salts: nausea, vomiting, abdominal discom- 
fort, andidiarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the dose 
with meals, or reducing the dose. 

One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Warnings). There also have been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings); other factors known to be 
associated with such conditions were present in many of these patients 
Skin rash has been reported rarely. 

DOSAGE 

Usual dietary intake of potassium by the average adult 1s 40 to 80 mEq per day. 
Potassium depletion sufficient to cause hypokalemia usually requires loss of 
200 or more mEq of potassium from the total body store 

Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per cay for prevention # hypokalemia to 
40-100 mEq per day or more for treatment of potassium deletion. 

Note: Slow-K slow-release tablets must be swall whole and never 
crushed or chewed 
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Sne Summary oF Frescriming mormawon J 


indications and Usage: Symptomatic relief of anxiety, tension, agitation, irritability and 

insomnia associated with anxiety neuroses and transient situational disturbances; anxiety, a 

associated with depressive symptoms and as a treatment of symptoms of anxiety if such smo» 

toms are a significant feature of functional or organic disorders, particularly gastrointestinal A| 

cardiovascular. “Av 
Effectiveness in long-term use. i.e., more than 4 months, has not been assessed by syste! 

atic clinical studies. Reassess periodically usefulness of the drug for the individual patient. } 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminished tolerance for alcohol and other CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- J 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions, tremor. abdominal and muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts anc alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 


Precautions: In depression accompanying anxiety. consider possibility for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
sional convulsions. 

Observe usual precautions with impaired renal or hepatic function. 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
6mg’kg/day. No effect dose was 1.25mg/kg/day (approximately 6 times the maximum human 
therapeutic dose of 10mg/day) Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Clinica! significance is unknown; but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G |. disease. 

Safety and effectiveness in children under 12 years have not been established 
ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests yas 
are recommended during long-term therapy. 

CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol. 
CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 
PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent contro! group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggestec in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy should be considered. Advise Patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug. 

in humans, blood levels from umbilical cord blood indicate placental transfer of lorazepam 
and its glucuronide. 

NURSING MOTHERS: It is not known if ora! lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 
many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious” 
patients. most frequent adverse reaction is sedation (15.9%), followed by dizziness (6.9%), 
weakness (4.2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
sea, change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 
Overdosage: In management of overdosage with any drug, bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, confusion and coma. 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing of vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U.S.P. Usefulness of dialysis has not been piel ad 


(Ativan 


Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing , 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or ti.d.; 

may vary from 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 
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The anxious heart. si... anxiety so often 


accompanies cardiovascular disease, you may wish to institute 
adjunctive therapy to help bring this complicating factor under control. 

Seven benzodiazepines are now at your disposal. All of them are 
anxiolytics. One of them—Ativan (lorazepam)—has been specifically 
evaluated in seven double-blind, controlled studies involving 423 patients 
(211 on Ativan) and found significantly effective in the relief of 
anxiety associated with organic and functional cardiovascular disorders. 
The cardiovascular component has not, of course, been shown to be 
significantly benefited by such therapy. 

In addition to this outstanding record of clinical usefulness, Ativan offers 
you a unique pharmacokinetic profile. Unlike older benzodiazepines, 
it does not generate multiple active metabolites; steady-state serum levels 
are rapidly achieved and disappear rapidly once you decide to 
discontinue therapy. (The pharmacokinetic profile of a drug can define 
such characteristics as absorption, distribution, metabolism and 
elimination but cannot, at present, be directly related to its therapeutic 
effectiveness.) 

Compatible with cardiotonics, antihypertensives, diuretics, 
anticoagulants and nonnarcotic 
analgesics*...usually well 
tolerated...simple to use ona 
b.i.d. schedule...a preferred 
prescription to control anxiety in 
cardiovascular disease. 


*No evidence of any clinically significant interaction 
between Ativan and any other medication given 
concomitantly was observed in clinical studies. 

All benzodiazepines, However, including Ativan, 
produce added CNS depressant effects when 
administered with alcohol and other CNS 
depressants. 





See important information on preceding page. 
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metabolic demand. There was an unchanged coronary vascular resistance to ergonovine despite augmented 
myocardial oxygen demand. Such limitation in arteriolar autoregulatory capacity. may be important in producing 
chest pain and myocardial ischemia in patients with significant coronary occlusion who receive ergonovine al- 
though their condition does not meet the criteria for variant angina. 


EXPERIMENTAL STUDIES 









53 2 ‘Myocardial Prostaglandin E Release by Nitroglycerin and Modification by Indomethacin 
7 ESTEBAN MORCILLIO, PHILIP R. REID, NORMAL DUBIN, RAMESH GHODGAONKAR and BERTRAM PITT 


Examining the role of prostaglandin E in mediating the effects of trinitroglycerin on coronary vascular resistance 

and systemic blood pressure in dogs, these investigators conclude that the mechanism of action of trinitroglycer- 

‘in may be partially mediated through the prostaglandin system. During the intravenous infusion of trinitroglycerin 

there was a significant increase in myocardial prostaglandin E production associated with the expected reduc- 
- tion-in systemic biood pressure and decrease in coronary vascular resistance. With at least partial inhibition of 

myocardial prostaglandin E production after indomethacin, there was a significantly lesser reduction in coronary 
. Vascular resistance and systemic blood pressure during the second trinitroglycerin infusion. 





58 Evidence for a Flow-Independent Contribution to the Phenomenon of Thallium Redistribution 
< JOSEPH L. GERRY, Jr., LEWIS C. BECKER, JOHN T. FLAHERTY and MYRON L. WEISFELDT 


This examination of the relation between thallium distribution and regional myocardial blood flow in dogs after 
2 hours of continuous. myocardial ischemia suggests a significant component of thallium redistribution may be 
fiow-independent. Pacing in the presence of left circumflex arterial stenosis produceda significant mass. of myo- 
cardium with a less drastic reduction in blood flow (40 percent) compared with that produced by coronary tiga- 
tion. In the presence of this milder reduction in flow these data indicate that a considerable degree of thallium 
redistribution can occur over a 2 hour period even when inequality of flow between the ischemic and nonisch- 
emic zone is maintained. However, it is still unclear whether these results are directly applicable to.clinical thal- 
lium scintigraphic studies during exercise in human subjects. 


_ METHODS 


63 -Assessment of Right Ventricular Function at Rest and During Exercise in Patients With Coronary Heart 
_ Dome: A New Approach Using Equilibrium Radionuclide Angiography 


< ROBERT SLUTSKY, WAYNE HOOPER, KENNETH GERBER, ALEXANDER BATTLER,. VICTOR 
FROELICHER, WILLIAM ASHBURN and JOEL KARLINER 


_ Equilibrium angiography in this study of 20 normal persons and 50 patients with angiographically documented 

._. coronary artery disease proved useful and reliable for evaluating right ventricular function. Atrest there was no 

difference in the right ventricular ejection fraction in both groups. With exercise the ejection fraction increased 

< inthe normal subjects and in patients with coronary artery disease and no right coronary stenosis but remained 

: -unchanged in those with right coronary stenosis (alone or combined with other lesions). These data demonstrate 

_ that during exercise the right ventricle shows dysfunction as a result of local ischemia and altered loading condi- 
tions due to left ventricular dysfunction. 





72 Complete Abolition of the Reentrant Supraventricular Tachycardia Zone Using a Modality of Cardiac 
2> Pacing With Simultaneous Atrioventricular Stimulation 


RUEY J. SUNG, JANUARIUSZ L. STYPEREK and AGUSTIN CASTELLANOS 


An experimentally designed new pacemaker has been developed that is capable of sensing either an atrial or 
a ventricular signal and in turn ġfiggers simultaneous atrioventricular (A-V) stimulation. In some patients with re- 
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Carciocossette. 1l 


advanced 
pocket size ` 


pas ambulatory 
i a ECG sustem. 4 


H 
Small size and long duration (a week or more) 
makes this €CG recorder ideal for determination 
of causes of transient dyspnea, angina, cerebral 
ischemia, transient arrhythmias, and for cardiac 
rehabilitation programs. 


oo ea 
Satna. 


Simple playback of programmed and patient 
activated recordings directly into office ECG units. 
No scanning or data processing equipment required. 


Patient activated mode and voice recordings simplify 
detection of ECG abnormalities and accurate correlation with 
symptoms Oractivity being investigated. 


For a demonstration Of further information write or call collect 
Car page Incorporated 19982 Stevens Creek Boulevard Cupertino, oe 95014 
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(quinidine gluconate 
CONTRAINDICATIONS: 
Aberrant impulses and abnormal 
rhythms due to escape mechanisms 
should not be treated with quinidine. 

Partial A-V or complete heart block. or 
intraventricular conduction defects, 
especially those exhibiting a marked 
grade of QRS widening. 

Renal disease resulting in significant 
azoternia, or those developing cardio- 
toxic effects such as conduction defects, 
ventricular premature beats, ventricular 
tachycardia or flutter while on the drug. 

Marked cardiac enlargement, particu- 
larly with congestive failure. poor renal 
function, and especially renal tubular 
acidosis. 

iIdiosyncrasy or hypersensitivity to 
quinidine. 

WARNINGS: 
In the treatment of atrial flutter, rever- 
sion to sinus rhythm may be preceded 
by a progressive reduction in the degree 
of A-V block to a 1:1] ratio resulting in an 
extremely rapid ventricular rate. 
PRECAUTIONS: 
The precautions to be observed include 
all those applicabie to quinidine. A pre- 
liminary test dose of a single tablet of 
quinidine sulfate should be adminis- 
tered to determine if the patient has an 
idiosyncrasy to quinidine. Hypersensi- 
tivity to quinidine. although rare. 
should constantly be considered, espe- 
cially during the first weeks of therapy. 
Quinidine inlarge doses may reduce the 
contractile force of the heart. therefore. 
extreme caution should be exercised in 
using the drug in patients with severe 
heart disease, hypotension or agratis 
intoxication. The potential disadvan- 
tages and benefits must be weighed, 

it should be administered cautiously. 
if at all, to senile patients. 
Hospitalization for close clinical ebserva- 
tion. electrocardiographic monitoring, and 
possibly plasma quinidine levels is indi- 
cated when large doses are used or with 
patients who present an increased risk. 
ADVERSE REACTIONS: 

Symptoms of cinchonism. ringing in 
ears, headache, nausea, disturbed 
vision may appear in sensitive patients 
after a single dose of the drug. 
Cardiovascular: Widening of QRS com- 
plex. cardiac asystole. ventricular 
ectopic beats, idioventricular rhythms 
including ventricular tachycardia and 
fibrillation, paradoxical tachycardia. 
arterial embolism, hypotension. 
Gastrointestinal: Nausea, vomiting, 
abdominal pain. diarrhea. 
Hematologic: Acute hemolytic anemia. 
hypoprothrombinemia, thrombocyto- 

nic purpura. agranulocytosis. 
Pentral Neniois Eusle, Headache, 
fever, vertigo; apprehension, excitement, 
confusion, delirium and syncope, dis- 
turbed hearing (tinnitus, decreased 
auditory acuity}. disturbed vision 
(mydriasis, blurred vision, disturbed 
color tion, reduced vision flelds, 
photophobia, diplopia, night blindness. 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing with 
eee pruritus. k z 
rsensitivil eachons: io- 

ene acute Soe pode vascu- 
lar collapse. respiratory arrest. 

See package insert for full information. 
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when the arrhythmic patient 
requires long-term 
maintenance therapy 
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~ Current A-V nodal reentrant tachycardia, such simultaneous stimulation by the pacemaker resulted in impulse 
collision in the A-V junction and complete abolition of the zone of reentrant tachycardia. These preliminary re- 
sults suggest that implantable pacemakers with this new modality may soon be a clinical reality. 








_ PEDIATRIC CARDIOLOGY 

9 Comparison of M Mode Echocardiography and Pathologic Findings in the Hypoplastic Left Heart 
Syndrome 

JOHN Lo BASS, GIORA BEN-SHACHAR and JESSE E. EDWARDS 





: Correlation of M mode echocardiograms and pathologic specimens from. 18 infants with the hypoplastic left 

heart syndrome indicates that noninvasive findings are not always sufficient to diagnose this condition, which in- 

volves a spectrum.of hypoplasia or atresia of the mitral valve, left ventricle and aortic valve. Additional studies 

may be necessary in some patients. The most reliable echocardiographic finding was an excursion of 5 mm or 

_ dess of the anterior leaflet of the mitral valve or inability to detect the mitral valve. In every case the pathologic 

~~ examination revealed a smaller than anticipated left ventricular diameter as determined gualitatively with echo- 
_ eardiography. 


7 Hypopiastie Left Heart Syndrome: Experience With Palliative Surgery 
< WILLIAM I. NORWOOD, JAMES K. KIRKLIN and STEPHEN P. SANDERS 


- Anew effective palliative procedure for hypoplastic left heart syndrome resulted in early ongoing survival of two 
infants with aortic atresia. in this new multistage surgical approach, a preliminary palliative approach, which in- 

cludes placement of a valved conduit from the right ventricular free wall to the descending aorta, is followed by 
physiologic correction of the lesion. 


2 : Total Anomalous Pulmonary Venous Connection in Infancy: Influence of Age and Type of Lesion 
: oa KEVIN TURLEY, WILLIAM Y. TUCKER, DANIEL J. ULLYOT and PAUL A. EBERT 


Nineteen of 22 infants who underwent surgical correction of total ancrhaldes pulmonary venous connection in 
“their 1st year of fife survived operation, yielding an 87 percent hospital survival rate. The strongest determinarts 
.- Of survival were the type of lesion, pulmonary venous obstruction and depressed left ventricular function, but.not 
“age. The timing of corrective surgery should be influenced by the clinical-condition of the infant. This series dem- 
-onstrates that a low mortality rate can be achieved with operative correction, even when infants are at point of 

< death. 


_ Spectrum of Cardiovascular Lesions in Mucocutaneous Lymph Node Syndrome: Analysis of Eight 
Cases 


JUNICHIRO FUKUSHIGE, MICHAEL R. NIHILL and DAN G. McNAMARA 


Eight additional cases of mucocutaneous lymph node syndrome with cardiovascular complications highlight the 
varied and diffuse cardiovascular lesions found in this syndrome. Four patients who died had aneurysms of the 
coronary arteries, usually associated with organizing thrombi. One patient required triple aortocoronary bypass 
surgery and one patient underwent excision of a brachial arterial aneurysm. Long-term follow-up of survivors cf 
the acute’ stage is necessary to establish the spectrum of late complications and sequelae. 





Continued on page A29 











Burdick’s answer 
to lower-cost — 
computer-assisted \ | 
ECG analysis. 





hia ` 
lf you've thought of using computer 
technology in your ECG practice, but 
delayed the decision because of cost, 
Burdick has a new, cost-effective way 
for you to add this useful and beneficial 
patient service. 
“"  Burdick’s TR-1 ECG transmitter is 
the answer. It combines with the 
' dependable, economical Burdick 
}3K-5AS electrocardiograph. Result: 
a sophisticated, yet simple system that 


the computer center and transmits 
3-channel patient data over phone lines. 
Your EK-5AS starts recording, auto- 
matically sampling each lead for over- 
reading the computer analysis of the 
3-channel patient data. | 
The combination of single-channel 
EK-5AS and TR-1 transmitter provides 
you with a low-cost, attractive and reli- 
able matched system. The complete 
system is mounted in a mobile cart with 





provides transmission of 3-channel phone handset and coupler. 
information for computer-assisted analysis. For more information about this easy entry to specialized 
- If you already have a Burdick EK-5AS, EK-5A with minor cardiology service, or a demonstration, call toll-free 800-356-0701. d 


. modification or other single-channel electrocardiograph, you can Within Wisconsin 608-868-7631. 


‘obtain computer analysis service with the easy addition of the P 
* .Tif-1. You get the benefits of 3-channel computer-assisted B U RD I C 
“ZEnalysis with the simplicity of cost-saving, single-channel record- The Burdick Corporation ' 

ing 


. With easy, push-button control, the TR-1 automatically dials Milton, Wisconsin 53563 


6,000,000 fewer beats a year 
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Consider the anginal heart at stress: It works harder, faster 
Needs more oxygen. Pumps harder, faster still. Strives for more 
oxygen—with pain. Anginal attack means more nitroglycerin. 
And that means faster heart rate. The cycle repeats. 





Consider Inderal: It reduces heart rate—therapeutically—by some 12 
beats a minute. '* 720 fewer beats per hour. Some 6 million fewer beats 
per year. That means less work for the anginal heart. Less oxygen 

+ demand by the myocardium. Fewer anginal attacks. Less need for 
sublingual nitroglycerin. More tolerance for exercise—and more 
freedom of action. 


Reduction in heart rate is modest: should not be cause for concern.’ 

The relatively low dosages required for angina prophylaxis (an average 
of 160 mg/day) produce few, if any, serious adverse reactions, which 

in any case are readily recognized and controlled. 


With proper patient selection—in the absence of bronchial asthma, 
sinus bradycardia, or heart block greater than first degree—risk of 

‘ precipitating cardiac failure is extremely rare. And withdrawal prob- 
lems may be avoided by reducing dosage gradually —rather than 

+ abruptly.* 


Consider too: There is also a favorable redistribution of perfusion to 
the vulnerable subendocardium.* And, in patients who may still need 

aitroglycerin p.rn., INDERAL will cancel the undesirable increase 
in heart rate and contractility. 


Prescribe INDERAL with confidence. Effec- IN 
tive. Reliable. For patients with moder- 


‘ate to severe angina in whom conven- (PROPRANOLOL HCI) 


, tional measures have failed. TO D AY’ S 40mg 80mg tabs. 


i. 


* For full information on Contraindications, Precautions, Adverse Reac- 
tions, and Warnings, including avoidance of abrupt withdrawal, please B NC MARK 


consult the prescribing information on the following page. 
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| IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of angina 
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(FOR FULL. PRESCRIBING FORMATION, SEE PACKAGE CIRCULAR.) 
Inderal* BRAND OF 
PROPRANOLOL HYDROCHLORIDE 
A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 

ADRENERGIC RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THIS DRUG. 





ACTIONS 

Beta receptor blockade is useful in conditions in which, because of pathologic or functional 
changes, sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vital. For example, in patients with 
severely damaged hearts. adequate ventricular function is maintained by virtue of sympathetic 
drive which should be preserved. In the presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm. 

The proper objective of deta blockade therapy is to decrease adverse sympathetic stimula- 
tion but not to the degree that may impair necessary sympathetic support 

Propranolol may reduce the oxygen requirement of the heart at any given level of effort by 


_ blocking catecholamine-induced increases in heart rate, systolic blood pressure, and the 
velocity and extent of myocardial contraction On the other hand, propranolol may increase 
-Oxygen requirements by increasing left ventricular fiber length, end diastolic pressure, and 


Systolic ejection period. 

Ifthe net physiologic effect of beta adrenergic blockade in angina is advantageous, it would 
be expected to manifest itself during exercise by delayed onset of pain due to decreased oxy- 
gen requirement. 


INDICATION 
Angina Pectoris Due to Coronary Atherosclerosis: The initial treatment of angina pectoris 
involves weight control, rest, cessation of smoking, use of sublingual nitroglycerin, and avoid- 
ance of precipitating circumstances. INDERAL is indicated in selected patients with moderate 
‘to severe angina pectoris who have not responded to these conventional measures 
-Propranolo! should not be used in patients with angina which occurs only with considerable 
effort or with infrequent precipitating factors 

INDERAL exerts both favorable and unfavorable effects, the preponderance of which may be 
beneficial. (See ACTIONS Section.) INDERAL should not be continued unless there is reducec 
pain or increased work capacity. 

Because of the potential for adverse results, treatment should be carefully monitored. The 
patient should also be reevaluated periodically since the dosage requirement and the need to 
continue INDERAL may be altered by clinical exacerbations or remissions. (See DOSAGE AND 

ADMINISTRATION.) 

Additional studies of the effects of INDERAL in angina pectoris patients are in progress to 

better evaluate and define the proper role of INDERAL in this condition. 


CONTRAINDICATIONS 
INDERAL is contraindicated in: 1) bronchial asthma; 2) allergic rhinitis during the pollen season: 
3) sinus bradycardia and greater than first degree block; 4) cardiogenic shock; 5) right ventric- 
ular failure secondary to pulmonary hypertension: 6) congestive heart failure (see WARNINGS) 
unless the failure is secondary to a tachyarrhythmia treatable with INDERAL; 7) in patients on 
adrenergic-augmenting psychotropic drugs (including MAO inhibitors), and during the two 


_ week withdrawal period from such drugs. 


WARNINGS 


“CARDIAC FAILURE Sympathetic stimulation is a vital component supporting circulatory func- 


tion in congestive heart failur2, and inhibition with beta-blockade always carries the potential 
hazard of further depressing myocardial contractility and precipitating cardiac failure 
INDERAL acts selectively without abolishing the inotropic action of digitalis on the heart muscle 
(.,, that of supporting the strength of myocardial contractions). In patients already receiving 
digitalis, the positive inotropic action of digitalis may be reduced by INDERAL's negative inotrop- 
ic affect. The effects of INDERAL and digitalis are additive in depressing AV conduction 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can. in some cases, lead to cardiac failure. In rare instances, 
this has been observed during INDERAL therapy. Therefore, at the first sign or symptom of 


_ impending cardiac failure, patients should be fully digitalized and/or given a diuretic, and the 
_ response observed closely: ad if cardiac failure continues, despite adequate digitalization and 


diuretic therapy, INDERAL therapy should be immediately withdrawn: b) if tachyarrhythmia is 
being controlled, patients should be maintained on combined therapy and the patient closely 


~ followed until threat of cardiac failure is over 






and, in some cases, myocardial infarction, following abrupt discontinuation of INDERAL 
therapy. Therefore, when discontinuance of NDERAL is planned the dosage should be 
Gradually reduced and the patient carefully monitored. In addition, when INDERAL 

is prescribed for angina pectoris, the patient should be cautioned against interruption or 
cessation of therapy without the physician's advice. If INDERAL therapy is interrupted 

and exacerbation of angina occurs, it usually is advisable to reinstitute INDERAL therapy 
and take other measures appropriate for the management of unstable angina pectoris 
Since coronary artery disease may be unrecognized, it may be prudent to follow the above 
advice in patients considered at risk of having occult atherosclerotic heart disease, 

who are given propranolol for other indications 











IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use have 
‘not been adequately appraised. Special consideration should be given to propranolol's poten- 

tial for aggravating congestive heart failure. Propranolol may mask the clinical signs of develop- 
ing or continuing hyperthyroidism or complications and give a false impression of improvement. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
ported in which, after propranolol, the tachycardia was replaced by a severe bradycardia re- 
quiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore. INDERAL should be titrated carefully when administered for arrhythmias 
occurring during anesthesia 

IN PATIENTS UNDERGOING MAJOR SURGERY. beta blockade impairs the ability of the 
heart to respond to reflex stimuli For this reason. with the exception of pheochromocytoma, 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and 
physiologic effects are gone according to available evidence. However. in case of emergency 
surgery, since INDERAL is a competitive inhibitor of beta receptor agonists, its effects can be 
reversed by administration of sucg agents. e.g.. sqoroterenol or levarterenol. However. 
such patients may be subject to protracted severe hypotension, Difficulty in restarting and 
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IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g., CHRONIC BRONCHITIS, 
EMPHYSEMA), INDERAL should be administered with caution since it may block bronchodila-. 
tion produced by endogenous and exogenous catecholamine stimulation of beta receptos? é 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergic 
blocking activity, INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pressure changes) of acute hypoglycemia. This is especially important to keep 
in mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pre- 
cipitous elevation of blood pressure. 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that the 
possible risk to mother and/or fetus be weighed against the expected therapeutic benefit. Em- 
bryotoxic effects have been seen in animal studies at doses about 10 times the maximum rec- 
ommended human dose. 3 


PRECAUTIONS 

Patients receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug may 
then produce an excessive reduction of the resting sympathetic nervous activity. Occasionally, 
the pharmacologic activity of INDERAL may produce hypotension and/or marked bradycardia 
resulting in vertigo, syncopal attacks, or orthostatic hypotension 

As with any new drug given over prolonged periods, laboratory parameters should be ob- 
served at regular intervals. The drug should be used with caution in patients with impaired renal 
or hepatic function. 


ADVERSE REACTIONS 

Cardiovascular: bradycardia; congestive heart failure: intensification of AV block; hypotension; 
paresthesia of hands; arterial insufficiency, usually of the Raynaud type; thrombocytopenic 
purpura 

Central Nervous System: lightheadedness; mental Gepression manifested by insomnia, lassi- 
tude, weakness, fatigue; reversible mental depression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place, short term memory loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, con- 
stipation, mesenteric arterial thrombosis, ischemic colitis 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress e 

Respiratory: bronchospasm 

Hematologic; agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skin, Soar 
ous Membranes and conjunctivae reported for a beta blocker (practolol) have not been conclu- 
sively associated with propranolol. 

Clinical Laboratory Test Findings: Elevated blood urea levels in patients with severe heart dis- 
ease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 

The dosage range for INDERAL is different for each indication. 
ORAL 

ANGINA PECTORIS—Dosage must be individualized. Starting with 10-20 mg three or four 
times daily, before meals and at bedtime, dosage should be gradually increased at three to 
seven day intervals until optimum response is obtained. Although individual patients may re- 
spond at any dosage level, the average optimum dosage appears to be 160 mg per day. In 
angina pectoris, the value and safety of dosage exceeding 320 mg per day have not been 
established. 

If treatment is to be discontinued, reduce dosage gradually over a period of several weeks. 
(See WARNINGS ) 


PEDIATRIC DOSAGE 
At this time the data on the use of the drug in this age group are too limited to permit ade- 
quate directions for use 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING MEA- 
SURES SHOULD BE EMPLOYED: 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE—DIGITALIZATION AND DIURETICS 

H¥POTENSION—VASOPRESSORS, e.g., LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE) 

BRONCHOSPASM— ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED | 
INDERAL 

TABLETS (propranolol hydrochloride) 

No. 461—Each scored tablet contains 10 mg of propranolol hydrochloride, in bottles of 100 and 
1,000. Also in unit dese package of 100. 

No. 462—Each scored tablet contains 20 mg of propranolol hydrochloride, in bottles of 100 and 
1.000. Also in unit dose package of 100. 

No. 464— Each scored tablet contains 40 mg of propranoio! hydrochloride, in bottles of 100 and 
1,000. Also in unit dose package of 100. 

No 468—Each scored tablet contains 80 mg of propranoio! hydrochloride, in bottles of 10nd 
1,000. Also in unit dose package of 100. 

INJECTABLE 

No. 3265— Each mi contains 1 mg of propranolol hydrochloride in Water for Injection. The pH is 

adjusted with citric acid. Supplied as: 1 ml ampuls in boxes of 10. 


References: 1 Dagenais, G.R., Pitt, B , and Ross, R.S.. Am J. Cardiol 28:10 (July) 1971. 

2 Ginn, W.M., and Orgain, E.S.: J.A.M.A. 198:192 (Dec. 12) 1966. 3. Zeft, H.J., Patterson, S., 
and Orgain. E.S.: Arch. Intern. Med. 124:578(Nov.) 1969. 4. Dunér, H., and Pernow, B.:Acta 
Med. Scand. 194:517 (Dec.) 1973. 5. Zsotér, T.T., and Beanlands, D.S.: Arch. Intern. Med. . 
124.584 (Nov.) 1969. 6. Wiener, L., Dwyer, E.M., and Cox, J.W.: Circulation. 39:623 (May) 1969. 
7. Shand, D.G.: Drug Therapy 8 53 (July) 1978. 8. Cohen, L.S., in Braunwald, E. (ed): Beta- 
Adrenergic Blockade, A New Era in Cardiovascular Medicine: Proceedings of an International 
Symposium. New York, Excerpta Medica/Elsevier, 1978, pp. 143-151. -. 
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108 The Surgical Decision in Tetralogy of Fallot: Weighing Risks and Benefits With Decision Analysis 


ARTHUR GARSON, Jr., G. ANTHONY GORRY, DAN G. McNAMARA and DENTON A. COOLEY 


Decision analysis was used to assess the risks and benefits of three courses of action in the symptomatic infant 
with tetralogy of Fallot: (1) primary intracardiac repair; (2) palliative operation in infancy and delayed intracardiac 
repair; and (3) treatment with propranolol in infancy and delayed repair. The choice of action was affected most 
by the mortality of primary intracardiac repair and the likelihood of a good hemodynamic result. If operative mor- 
tality rate from intracardiac repair is 10 percent or less intracardiac repair should be performed. Otherwise, pro- 
pranolol therapy with delay of intracardiac repair should be selected. 


117 Absent Right Superior Vena Cava With Persistent Left Superior Vena Cava: Implications and 
Management 


CORA C. LENOX, JAMES R. ZUBERBUHLER, SANG C. PARK, WILLIAM H. NECHES, ROBERT A. 
MATHEWS, F. JAY FRICKER, HENRY T. BAHNSON and RALPH D. SIEWERS 


Seven cases of absent right superior vena cava and normal situs were diagnosed at Children's Hospital of Pitts- 
burgh where an incidence rate of 0.1 percent was found among 4,825 cardiac catheterizations performed be- 
tween July 1966 and June 1978. Other associated cardiac defects were present in these patients and arrhyth- 
mias may be encountered. This anomaly should be suspected clinically when the chest roentgenogram reveals 
absence of the shadow of the right superior vena cava and shows an extra structure in the area of the aortic knob 
and upper mediastinum. The diagnosis may be confirmed with contrast and radionuclide angiocardiography. Any 
patient with this anomaly who requires an artificial pacemaker should have the epicardial type because of the 
difficulty in obtaining capture with a transvenous pacemaker. 


REPORTS ON THERAPY 


123 Sustained Beneficial Effects of Oral Amrinone on Cardiac and Renal Function in Patients With Severe 
Congestive Heart Failure 


THIERRY H. LeJEMTEL, EDMUND KEUNG, HILLEL S. RIBNER, RICHARD DAVIS, JOHN WEXLER, M. 
DONALD BLAUFOX and EDMUND H. SONNENBLICK 


This study of the hemodynamic and renal effects of orally administered amrinone (50 to 300 mg) in 10 patients 
with advanced congestive heart failure showed an increase in cardiac index from 1.56 + 0.41 to 2.20 + 0.43 li- 
ters/min per m?, a decrease in pulmonary wedge pressure from 26.1 + 5.7 to 17.0 + 5.7 mm Hg, in arterial 
pressure from 86.0 + 8.4 to 81.3 + 7.7 mm Hg and in systemic vascular resistance from 2,406 + 603 to 1,693 
+ 261 dynes sec cm~5. Both effective renal blood flow and glomerular filtration fraction increased significantly 
and were associated with a concomitant rise in cardiac index. These and other measurements demonstrate the 
cardiotonic efficacy of amrinone in human subjects and recommend its further investigation as a therapeutic 
agent for the continued treatment of congestive heart failure. The improvement in ventricular performance in- 
duced by amrinone in patients with heart failure appears to result from a direct stimulation of the depressed myo- 
cardium and a decrease in peripheral vascular resistance. Thrombocytopenia developed in two patients. 


130 Use of Ajmaline In Patients With the Wolff-Parkinson-White Syndrome to Disclose Short Refractory 
Period of the Accessory Pathway 


HEIN J. J. WELLENS, FRITS W. BAR, ANTON P. GORGELS and EDUARD J. VANAGT 


Intravenously administered ajmaline (50 mg over a 3 minute period) produced complete anterograde block in the 
accessory pathway of 32 of 59 patients with the Wolff-Parkinson-White syndrome. Ajmaline, a reserpine deriva- 


Continued on page A34 
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When thallium-201 imaging is indicated: Geyen months following E 
coronary bypass, he reports 

return of 
chest pai 


> 






As the population of successful 
» © coronary bypass patients contin- 
a ues to grow, physicians will en- 
counter an increasing number 
who report a return of chest pain 
after varying postoperative 

x periods. 

Complaints of chest pain in 
post-bypass patients deserve 
thorough, progressive workup... 
usually including exercise electro- 
cardiography. Without exercise 
ECG evidence of myocardial 
ischemia, the clinician must de- 
cide on symptoms alone whether 
or not to suggest repeat coronary 
angiography. In such a setting, 
myocardial perfusion imaging 
with thallium-201 may rule out— 
or confirm — the possibility of 
electrically silent graft occlusion 
p or extension of disease. 


Localizes in perfused 
myocardium 

Thallium-201 is a radioactive 
isotope that, following intraven- 
ous injection, distributes within 
myocardial cells in proportion to 
regional perfusion. Nuclear medi- 
cine imaging performed following 
injection will display relative re- 
gional perfusion and myocardial 
cell viability. 
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Useful with/without baseline 
Even if baseline stress-thallium 

studies are not available, this 

procedure can still provide 

valuable diagnostic guidance— 

particularly if it is negative, or z 

displays clear evidence of ische- 

mia in the grafted regions. 


EA 
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When used in conjunction with 
stress electrocardiography, 
thallium-201 has provens#tccess- 
ful in demonstrating regional ische- 
mia that may escape detection by 
ECG. A region that appears 
“cold” following exercise and 
injection, but “fills in” on repeat 
imaging a few hours later, sug- 
gests stress ischemia secondary 
to fixed stenosis that restricts 
perfusion during exercise. A 
region that remains persistently 
“cold” generally indicates irre- 
versible myocardial scarring. 


Information, teaching 
program available 

New England Nuclear offers an 
extensive range of journal reprints 
on the use of thallium-201 
imaging, and provides teaching i 
rounds material and reference 
monographs at no charge, as a 
service to the profession. For 
more information on thallium-201, 
use the coupon below, or call 
800-225-1572,ext 2234 | 
toll free. 


Thallous | 
Chloride 
TI 201 


Reveals graft 
patency/occlusion 


Many institutions routinely 
perform preoperative and postop- 
erative stress thallium studies to 
obtain functional evidence of 
graft-mediated reperfusion of 
formerly ischemic regions. This 
sequence of studies can serve as 
a valuable baseline in the event 
that the patient returns with a 
complaint of chest pain: 
= If a repeat thallium study 
discloses ischemia in the regions 
formerly perfused by the grafts, 
occlusion may be suspected. 
= If the repeat study suggests 
new areas of ischemia, progres- 
sion of atherosclerotic disease 
may have occurred. 
= If the repeat study is essen- 
tially unchanged from the post- 
operative findings, nonischemic 
etiology should be explored. 





See following page for brief summary of prescribing information. 


Teaching Program Administrator NE-0312 


New England Nuclear 


® S i a ope ved 549 Albany St. 
Medical Diagnostics Division 


Boston, MA 02118 


Please O Journal reprints on the clinical use of thallium-201 imaging 
send me: O Home-study monograph on thallium-201 imaging 
Scheduling inéormation on thallium-201 teaching slide program 
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Ti 201 


: For Diagnostic Use 


Thalious Chloride 


- Andications and Usage: Thalleus Chloride Tl 201 may be useful in myocardial 
perfusion imaging for the diagnosis and localization of myoeardial infarction. 
Sit may also be useful in conjunction with exercise stress testing as an adjunct 
-in the diagnosis of ischemic heart disease (atherosclerotic coronary artery 
disease). 
. Contraindications: None known. 
“Warnings: In studying patients in whom myocardial infarction or ischemia is 
known or suspected, care should be taken to assure continuous clinieal moni- 
otoring and treatment in accordance with safe, accepted procedure. Exercise 





November 1977 
| 
| 



















stress testing should be performed only under the supervision of a qualified 
_ophysician and in a laboratory equipped with appropriate resuscitation and 





port apparatus. 
Iv examinations using rediopharmaceutical drug products- especially 
«elective in nature—of women of childbearing capability should be 
ormed during the first ten days following the onset of menses. 
cautions: Data are not available concerning the effect of marked alterations 
fh blood glucose, insulin, or pH (such as is found in diabetes mellitus) on the 
ality ol thallium Ti 201 scans. Attention is directed to the fact that thallium 
sd potassiim analog, and since the transport of potassium is affected by these 
factors, the possibility exists that the thallium may likewise be affected. 
‘Thallous Chloride Tl 201, as all radioactive materials, must be handled with care 
and used with appropriate safety measures to minimize external radiation 
re-to clinical personnel. Care should also be taken to minimize radiation 
posure tò patients in a manner consistent with proper patient management. 
i long-term animal studies have been performed to evaluate carcinogenic 
tential, 
o Adequate reproduction studies have aot been performed in animals to deter- 
< mime whether this drug affects fertility in males or females, has teratogenic 
C potential, or has other adverse effects on the fetus. Thallous Chloride TI 201 
hould be used in pregnant women only when clearly needed. 
dts not known whether this drug is excreted in human milk. As a general rule 
“nursing. should not be undertaken when a patient is administered radioactive 
“material. 
Tety and effectiveness in children have not been established. 
Adverse Reactions: Adverse reactions related to use of this agent have not been 
ported to date. 
eand Administration: The recommended adult (70kg) dose of Thallous 
ride TI 201 is 1-L.SmCi. Thallous Chloride TI 201 is intended for intravenous 
iinistration only, 
y patients undergoing resting thalium studies, imaging is optimally begun 
thin 10-20. minutes after injection. Several investigators have reported 
roved myocardial-to-hackground ratios when patients are injected in the 
ustate,in an upright posture, or after Briel ambulating. 
results with thallium imaging performed in conjunction with exercise 
tasting appear to be obtained if the thallium is administered when the 
sitreaches maximum stress and when the stress is continued for 30 
ds Lo one minute after injection. Imaging should begin within ten minutes 
tign since target-to-background ratio is optimum by that time. 
investigators have reported significant decreases in the target-to-back- 
id: ratios of lesions attributable to transient ischemia by two hours after 
‘ompletion of stress testing. 
stieni dose should be measured by a suitable radioactivity calibration 
an immediately prior to administration. 
opharmaceuticals should be used by persons with specifie training in the 
se ane handling of radionuclides produced by nüclear reactor or particle 
rator and whose experience and training have been approved by the 
iate government agencies authorized to license the use of radionuclides. 
‘Supplied: Thallous Chloride TI 281 for intravenous administration is 
ied as a sterile, non-pyrogenic solution containing at calibration time, 
iZmlof Thallous Tl 201, 9my/ml sodium chloride, and 9mg/ ml of benzyl 
ol- The pH is adjusted to between 4.5-6.5 with hydrochloric acid and/or 
invhydroxide solution. Vials are available in the following quantities of 
oactivity: 1.5, 3.0, 4.5, 6.0, and 9.0 millicuries of Thallous TI 201. 
contents of the vial are radioactive. Adequate shielding and handling 
recautions must be maintained. 
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potassium chloride 
for oral solution 


20 mEq (1.5 g. KCI) 


Prescribing Information 


DESCRIPTION: 

Spray-dried tomato powder containing 20 mEq potassium (equivalent to 
1.5 g. KCl) per 6 grams powder (one dose) with natural and synthetic 
flavors, spices and colors. Benzoic acid and potassium benzoate 
added as preservatives. When reconstituted as directed, makes a 
pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 
packets) contains less than 70 mg. sodium. 

INDICATIONS: 

The prevention or correction of potassium deficit, particularly when 
accompanied by hypochioremic alkalosis in conjunction with thiazide 
diuretic therapy, in digitalis intoxication, or as the result of long-term 
corticosteroid therapy, law dietary intake of potassium, or excessive 
vomiting or diarrhea. 

CONTRAINDICATIONS: 

Potassium is contraindicated in severe renal impairment involving 
oliguria, anuria or azotemia: in untreated Addison's disease, familial 
periodic paralysis, acute dehydration, heal cramps, hyperkalemia from 
any cause. Potassium chloride should not be employed in patients 
receiving potassium-sparing agents such as aldosterone antagonists 
and triamterene. 


PRECAUTIONS: 

KATO is a concentrate and should betaken only after reconstituting with 
water as directed. This preparation, like other potassium supplements, 
must be properly diluted to avoid the possibility of gastrointestinal irrita- 
tion. Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution; it is impossible to assess accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations of 
potassium ion may cause death through cardiac depression, ar- 
rhythmias or arrest. Use with caution in patients with cardiac disease. 
ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea, and abdominal discomfort may occur. 
Gross overdosage may produce signs and symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, flaccid paralysis, hyper- 
kalemia, ECG abnormalities, fail in blood pressure, cardiac arrhythmias 
and heart block. The characteristic changes in the ECG are dis- 
appearance of the P wave, widening and slurring of QRS complex, 
changes of the S-T segment, tall peaked T waves, etc. 

TOXICITY: 

Potassium intoxication may result from overdosage of potassium or from 
therapeutic dosage in conditions stated under “Contraindications” 
Hyperkalemia, when detected, must be treated immediately because 
‘ethal levels can be reached in a few hours. 


TREATMENT OF HYPERKALEMIA: 


. 1, Dextrose solution 10% or 25% containing 1€ units of crystalline insulin 


per 20 g. dextrose, given I.V. in a dose of 300cc to 500cc ir an hour. 2. 

Adsorption and exchange of potassium using sodium or ammonium 

cycle cation exchange resin, orally or as retention enema. 3. 

Hemodialysis or peritoneal dialysis. 4. Elimination of potassium- 

containing foods and medicaments. Warning: Digitalis toxicity can bg 

precipitated by lowering the plasma potassium concentration too 

fapidly in digitalized patients. 

ADMINISTRATION AND DOSAGE: 

Mix with water to make a pleasant tomato juice drink. Each 5 gram unit 

dose packet provides 26 mEq of potassium. Usual adult dose—1 packet 

of KATO mixed with about 2 ounces of water twice daily—supplies 40 

mEq potassium per day. Take with meals or foliow with ¥ glass of water. 

Larger doses may be required. but should be administered under close 

supervision because of the pcssibility of potassium intoxication. 

HOW SUPPLIED: 

Cartons of 30 and 120 6 gram unit dose packets, 20 mEq each. 
02-488-30 
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CAN BE PRUITLESE. 


Trying to smother the taste of 
potassium with sweet fruit flavorings 
never seems to work very well. It’s 
like pouring salt straight into your 


orange juice—and just about as un- 


drinkable for many patients. That's 
when a matter of taste becomes 
a problem of compliance. 

KATO® (potassium chloride for 
oral solution) has the right kind of 
taste, the fresh tomato tang that 


yas Le 
Le 


saltiness of potassium chloride. 

It provides the potassium salt of 
choice—the chloride—as a 
powder that mixes quickly with 
water, for the liquid dosage form 
preferred for safety. Each 
easy-to-use packet contains 
20 mEq potassium chloride, with 
less than 5 mg sodium. 

Offer your patients the tangy 
taste of KATO—the fruitless 


KATO 


(potassium chloride 
for oral Solution) 20 mea «s.on 


Potassium with the tang of tomato. 








tive, prolongs briefly the effective refractory period of the accessory pathway in patients with this syndrome. if 
no anterograde block in the accessory pathway develops after ajmaline administration, a short (less than 270 
msec) duration of the effective refractory period of the accessory pathway in the anterograde direction is likely. 
This test appears to be a reliable and rapid procedure to identify those patients with this syndrame who have a 
short refractory period of the accessory pathway and who are at possible risk of circulatory insufficiency or sud- 
den death if atria! fibrillation occurs. Because complete anterograde block of the normal A-V pathway may be 
present in the patient with an accessory A-V connection, the procedure shouid be performed under well con- 
trolled hospital conditions. 


- : 134 -Surgical Versus Medical Therapy for Treatment of Unstable Angina: Changes in Work Status and 
By Family income 
-RICHARD O. RUSSELL, Jr., JOHN B. WAYNE, JENNIE KRONENFELD, EDGAR D. CHARLES, ALBERT 
OBERMAN, NICHOLAS T. KOUCHOUKOS, CHARLES WHITE, WILLIAM ROGERS, JOHN A. MANTLE and 3 
CHARLES E. RACKLEY 





These results confirm that patients who are successfully managed on medical therapy for unstable angina pecto- 
ris return to full-time employment at a significantly higher rate than those who undergo bypass surgery (both ini- 
tially and late). Patients who have income from sources other than their own work or the work of their spouses 
are leastlikely to return to full-time employment, regardless of the work status of the spouse. Those who were 
making higher income are less likely to return to work. Patients who initially underwent bypass surgery had the 
greatest decrease in family income and were the least likely to return to full-time employment. The changes in 
annual family income were + $1,111 for medical patients, — $2,447 for surgical patients and + $875 for those 
later undergoing surgery. Changes in family income were related toa large number of variables discussed in this 
article. 


REVIEWS 


Hypertrophic Cardiomyopathy: Recent Observations Regarding the Specificity of Three Hallmarks of 
the Disease: Asymmetric Septal Hypertrophy, Septal Disorganization and Systolic Anterior Motion of 
the Anterior Mitral Leaflet i 


BARRY J. MARON and STEPHEN E. EPSTEIN 


in an analysis of more than 1,600 patients with hypertrophic cardiomyopathy, the specificity of asymmetric hy- 
pertrophy, marked septal disorganization and systolic anterior motion of the anterior mitral leaflet was at least 
90 percent (90, 93 and 97 percent, respectively). These data suggest that most patients with these basic ana- 
-tomic criteria for hypertrophic cardiomyopathy have a distinct disease entity with diverse clinical manifestations. 
The majority of such patients appear to have a genetically transmitted disease. Echocardiographic evaluation 
of family members showing an abnormal septal/free wall thickness ratio in one or more relatives suggests the 
presence of a primary cardiomyopathy in the suspected case. 






DIAGNOSTIC SHELF 


| 455 _ intracardiac Flow Pattern in Mitral Regurgitation Studied With Combined Use of the Ultrasonic Pulsed 
Doppler Technique and Cross-Sectional Echocardiography 


KUNIO MIYATAKE, NAOKAZU KINOSHITA, SEIKI NAGATA, SHINTARO BEPPU, YUNG-DAI PARK, 
HIROSHI SAKAKIBARA and YASUHARU NIMURA 


in this study of 30 patients with mitral regurgitation proved with left ventriculography, the combination of the ui- `; 
trasonic. pulsed Doppler technique and cross-sectional echocardiography proved useful in the detection and 
analysis of regurgitant flow. In the left atrial cavity, abnormal Doppler signals recorded during systole were bidi- 


Continued on page A40 


“A34 


ER For the special needs Pit 
iiy of patients with hard, dry stools 


SENOKOT- 


j (standardized senna concentrate T bi 
a and diocty| sodium sulfosuccinate) i @ ets 





ag 
= 
“en” 
the “S” stands for softener 

For patients with hard, dry stools Provides DSS, the classic stool softener 
Hard, dry stools hurt, and may be hazardous DSS in SENOKOT-S Tablets complements the 
by causing straining. SENOKOT-S Tablets offer laxative effect of standardized senna concentrate 
comfortable relief by softening the stool and by “moistening” and softening the stool for 

_ © stimulating its movement. smoother and easier passage. 

i- Provides standardized senna concentrate, Comfortable overnight action 
a Clinically established laxative of choice With DSS and standardized senna concentrate, 
Standardized senna concentrate is a gentle, SENOKOT-S Tablets provide both softness and 


effective neuroperistaltic stimulant with documented stimulation for constipated patients with hard, dry 
effectiveness in thousands of patients. Its virtually stools. Taken at bedtime, SENOKOT-S Tablets 
ae colon-specific, gentle, predictable action is generally usually induce predictable, comfortable evacuation 


ee free of side effects at proper dosage levels. the next morning. 
ig Purdue Frederick . e 
£ = © Copyright 1979, The Purdue Frederick Company / Norwalk, CT 06856 
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beta-one 
receptors is all 
that counts 

in lowering 

blood pressure... 


block beta-twọo 
receptors 

to the same 
extent?” 


metoprolol tartrate 


blocks beta-one 
receptors with 
relative selectivity. 


Other available 
beta blockers do 
not. 


For brief summary of presc g informa 


prescribin 
tion please see the following page 





. Lopressor: 
- metoprolol tartrate 


the only 

e relatively selective 
beta blocker for 
hypertension 


-Lopressor 
“metoprolol tartrate 

< Arvantihypertensive 

“bete-biocking agent 








"Brie? Summary of Prescribing information 








= Indications Lopressor is indicated in the manage- 
imer of hypertension, It may be used alone or in 
“Combination with other antihypertensive agents, 
“especially thiazide-type diuretics. 
-Cortraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree. cardiogenic shock, and overt cardiac fail- 
cure (see Warnings). 
Warnings Cardiac Failure: Sympathetic stimula- 
2 Hanas a vilal Component supporting Circulatory 
_o function in congestive heart failure. and beta block- 
°° ade.carties the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
<--gorgestive heart failure controlled by digitalis and 
‘diuratics, Lopressor should be administered cau- 
Hously Both digitalis and metoprolol slew AV 
conduction, 
in Patients Without a History of Cardiac Failure 
coniinued depression of the myocardium with 
_b@ta-biocking agents over a period of time can, in 
-o same- cases, lead to cardiac failure. At the first sign 
‘corsymptom of impending cardiac failure, patients 















~ shauld be fully digitalized and/or be given a diuretic, 


“arid the response observed closely. |f cardiac tail- 
-Ure-continués, despite adequate digitaization and 
duetic, Lopressor therapy should be withdrawn. 
Ischemic Heart Disease: Following abrupt cessa- 

“tio of therapy with certain beta-blocking agents, 
“exacerbations of angina pectoris and, in some 
: cases, myocardial infarction have been reported. 
_ Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
“cowitidrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
fhwsician’s advice. 
Bronchospastic Diseases: PATIENTS WITH 
“ BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
- Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
‘respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta,-stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
‘may be prudent initially to administer meto- 
prooi in smaller doses three times daily, instead 
--of-larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
i casing interval. (See Dosage and Administra- 
on. 

‘Major Surgery: The necessity or desirability of 
“wiindrawal-ot beta-biocking therapy prior to major 
Surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to-réflex adrenergic stimuli may augment the risks 

of generai anesthesia and surgical procedures. 
Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration cf such 
agents, e.g. dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 
Diabetes Mellitus: Beta-adrenergic blockade may 
©” mask symptoms of hypoglyaemia (e.g, taahycar- 
dia) and may potentiate insulin-induced hypo- 















-> 


glycemia. Lopressor should therefore be used with 
Caution in diabetic patients, especially those with 
labile diabetes. 

Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g. tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawa’ of besa blockade which 
might precipitate a thyroid stoem. 


Precautions impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tents with impaired hepatic or rena’ function 


Drug interactions: Catecnolamine-depieting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-biocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/er marked bradycar- 
dia which may produce vertigo. syncope, cr 
postural hypotension. 

Long-Term Animal Studies: Long-term studies in 
animais have been conductec to evaluate toxic ef- 
fects and carcinogenic potential. in a one-year 
study in dogs. there was no evidence of drug- 
induced toxicity at or below ora’ doses of 105 
mgikg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 ma’kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign of malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-re'ated were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages n pulmonary alveoli 
and a slight increase in bitary hyperplasia. Neither 
finding represents symptoms 2 a known disease 
entity in man. in a 21-monih study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animais. There was no in- 
crease in malignant lung tumors or totai (benign 
plus malignant) tung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration. 

Usage in Pregnancy: Reorocuction studies in 
animals did not reveal any evicience of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased sostimpiantation loss 
and decreased neonatal survval (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of thedetus when metoprolol 
is administered to the pregnan! animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when Clearly needed. 

Nursing Mothers: it is not knewn whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk. nursing should not be 
undertaken by mothers receiving metoprolol. 
Usage in Children: Safety arc effectiveness in 
children have not beer estabished. 

Adverse Reactions Most adverse effects have 
been mild and transient. 

Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 160 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache. nightmares, and insomnia have also 
been reported but drug relationship is not clear. 





Cardiovascular: Shortness ci breath and 


bradycardia have occurred is approximately 3 of 
100 patients. Coid extremities, arterial insufficiency, 
usually of the Raynauc type: palpitations and con- 
gestive heart failure have beer reported. See Con- 
traindications, Warnings, asd Precautions. 
Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100-patients. See Warn- 
ings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastis pain, constipation, 


flatulence, and heartburn have been reported in 1 of 
106 o less. 

Allergic: Pruritus has occurred in less than © of 100 
patients. 

Miscellaneous: Peyronie's disease has been re- 
ported ir less than 1 of 100,000 patients. 

The oculornucocutaneous syndrome associated 
with the beta blocker practoloi has not beer re- 
ported with Lopressor during investigationar use 
and foreign marketing experience 


Potential Adverse Effects: in addition, a variety of 
adverse effects not listed above have been re- 

ported with other beta-adrenergic blocking agents. 
and should be considered potential adverse effects m 
of metoprolol. 

Centra! Nervous System, Reversible menta: de- 
pression progressing to catatonia: viseal distur d 
bances, hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss. emotional lability, 
slightly clouded sensorum, and decreased per- 
formance on neuropsychometrics. 

Cardiovascular: intensification of AV biock isee 
Centraindications). 

Hematologic: Agranulocytosis, nonthrombc- 
cyfopenic purpura, thrombocytopenic purpura. 
Allergic: Erythematous sash, fever combined with 
aching and sore throat, laryngospasm and espira- 
tory distress. 

Miscelaneous. Reversible alopecia. 


Cinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual indial dose is 
50 mg twice daily whether used alone or added tc a 
diuretic. The dosage may be increased at weekly 
icr longer) intervals until optimum biced pressure 
reduction is achieved. in general. the maximum et- 
fect of any given dosage level will be apparent after 
one week of therapy. Usual maintenance desage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mg per day. Dosages above 450 mg per 
day have not been siudied. While twice-dafy dos- 
ng is effective and can maintain a reduction in 
olood pressure throughout the day, some patients, 
especially when lower dosages are used, will expe- 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This car be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughout æ 
the day. If control is not adequate. a larger doseeor 
three times daily therapy, may achieve bettar con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased 

This drug should be stored at controlled roam tem- 
perature and protected from moisture: 

How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
{capsule-shaped, scored, light blue, fim-coated) 
are suppled.in bottes of 100 and 1,000 ang Unit 
Dose Packages of 100 


Store at controlled room temperature and protect ° 
from moisture. 


Dispense in tight, ight-resistant Container (USP). 
687292 (8/79) C79-22 


For compiete details, including description, clinical: 
pharmacology and overdosage, please see full ‘ 


prescribing information, xy 
© 
GEIGY Pharmaceuticals & 
Division of CIBA-GEIGY Corporation £ ` 
Ardsiey, New York 10502 æ 5 
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BRIEF SUMMARY 
Kaon® Elixir (potassium gluconate) Grape or Lemon-Lime Flavors 
Sugar-Free 


Description: Each 15 ml (tablespoonful) supplies 20 mEq of elemental pot 

(as potassium gluconate. 4.68 g) with saccharin and aromatics. Alcohol 5%. 

Indications: Kaon Elixir is indicated for the treatment of potassium depleti: 

patients with hypokalemia and for the treatment of digitalis intoxication. Kai 

Elixir is also indicated for the prevention of potassium depletion when the di 

intake of potassium is inadequate for this purpose. The prophylactic administ 

of potassium ion may be indicated in patients receiving digitalis and diuretics f 

treatment of congestive heart failure; hepatic cirrhosis with ascites; patients witt 
hypertension on long-term diuretic therapy; patients on corticosteroid therapy; 

hyperaldosteronism states with normal renal function; the nephrotic syndrome; ar 

certain diarrheal states. 
~~ : Contraindications: Potassium supplements are contraindicated in patients with hy 




























































e kalemia since a further increase in serum potassium concentration in such patients can 
produce cardiac arrest. Hyperkalemia may complicate any of the following conditions: C 

Ka T renal failure, systemic acidosis such as diabetic acidosis, acute dehydration, extensive tissu 

ma if breakdown as in severe burns, adrenal insufficiency, or the administration of a potassium-sp 


diuretic (e.g. spironolactone, triamterene) 
Warnings: Do not administer full strength. Kaon Elixir may cause gastrointestinal irritation if ac 
\ tered undiluted. For details regarding adequate dilution, see Dosage and Administration 
In patients with impaired mechanisms for excreting potassium, the administration of potassium sal 
produce hyperkalemia and cardiac arrest. This occurs most commonly in patients given potassium by the 
intravenous route but may also occur in patients given potassium orally. Potentially fatal hyperkalemia ca 
develop rapidly and be asymptomatic. The use of potassium salts in patients with chronic renal 
disease, or any other condition which impairs potassium excretion, requires particularly careful 
monitoring of the serum potassium concentration and appropriate dosage adjustment 
Hypokalemia should not be treated by the concomitant administration of potassium salts 
and a potassium-sparing diuretic (e.g. spironolactone or triamterene) since the simultaneou 
administration of these agents can produce severe hyperkalemia 
Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potassium deple- 
tion. In interpreting the serum potassium level, the physician should bear in mind that acut 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body 
potassium, while acute acidosis per se can increase the serum potassium concentri 
tion into the normal range even in the presence of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the presence of 
cardiac disease, renal disease, or acidosis, requires careful attention to acid- 
base balance and appropriate monitoring of serum electrolytes, the electr 
cardiogram, and the clinical status of the patient 
In hypokalemic states. especially in patients on a low-salt diet, 
hypochloremic alkalosis is a possibility that may require 
chloride as well as potassium supplementation. In these 
circumstances, potassium replacement with potassium 
chloride (e.g. Kaochlor 10% Liquid, W-T) may be more 
advantageous than with other potassium salts. Howevi 
Kaon can be supplemented with chloride. Ammonium 
chloride is an excellent source of chloride ion (18.7 mEq 
per gram) but it should not be used in patients with hepatic 
cirrhosis where ammonium salts are contraindicated 
Adverse Reactions: Nausea. vomiting, diarrhea. and 
abdominal discomfort have been reported. The symp- 
toms and signs of potassium intoxication include 
paresthesias of the extremities. flaccid paralysis. 
listlessness, mental confusion. weakness and hear 
iness of the legs. fall in blood pressure. cardiac ar- 
rhythmias. and heart block 
Overdosage: The administration of oral potassiu 
salts to persons with normal excretory mechanism: 
for potassium rarely causes serious hyperkalemia 
However. if excretory mechanisms are impaired or if 
potassium is administered too rapidly intravenously, pe 
tentially fatal hyperkalemia can result (see Contraindica- 
and Warnings). It is important to recognize that hyper- 
is usually asymptomatic and may be manifested only by at 
Alm potassium concentration and characteristic electrocardio- 
anges (peaking of T-waves. loss of P-wave. depression of S-T seg- 
id prolongation of the QT interval). Late manifestations include 
lē paralysis and cardiovascular collapse from cardiac arrest 
Supplied: Pints and gallons in Grape and Lemon-Lime flavors; 15 m 
> Re Pak® and 4 fl. oz. in Grape flavor only 
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-_ rectional or unidirectional and of a wide velocity range. Mapping on the cross-sectional echocardiogram of the 

<area in which these signals occurred revealed the main direction of regurgitant flow as documented with angiog- 
raphy. in the mitral area the abnormal signals were powerful and of a wide velocity range. These signals may re- 
-< flect both mitral regurgitant flow and the vibration of the mitral valve. 


CASE REPORTS 


‘Intiltrative Cardiomyopathy With Conduction Disease and Ventricular Arrhythmia: Electrophysiologc 
and Pathologic Correlations 


< SAROJA BHARATI, MAURICE LEV, PABLO DENES, JAMES MODLINGER, CHRISTOPHER WYNDHAM, 
ROBERT BAUERNFEIND, MELVIN GREENBLATT and KENNETH M. ROSEN 


- Although ‘conduction defects, ventricular arrhythmias and sudden. death are known complications of infiltrative 

- <- cardiomyopathy, this report provides close correlation among the electrocardiographic, electrophysiologic and 

-| pathologic. findings i ina 34 year old man with cardiac sarcoidosis and in a 53 year old man with cardiac amyloido- 

-sis and ventricular tachycardia. These data support the value of extensive noninvasive and invasive diagnostic 

-studies in patients with serious, apparently primary arrhythmias, including extracardiac or cardiac biopsy to es- 

tablish definitive diagnosis of the specific cardiomyopathic process. Such a demonstration: might allow specific 
therapeutic interventions in addition to the usual antiarrhythmic therapy. 


74  Cough-Facittated Conversion of Ventricular Tachycardia 
ooo JEANNE Y. WEL, H. LEON GREENE and MYRON L. WEISFELDT 
“A: series of abrupt forceful coughs on command proved effective in converting 33 episodes. of drug-refractory 
ventricular tachycardia to-sinus rhythm in a 64 year old man with hypertension and two previous myocardial in- 
farctions. Whenever the patient was unable to cough as directed, both chest thump and external countershock 
were required daily. Although several mechanisms may be involved, it is still unclear how the cough converts 
ventricular tachycardia to.normal sinus rhythm. Coughing was also successful in two other patients with ventric- 


ular tachycardia that occurred after injection of intracoronary contrast medium i in the cardiac catheterization lab- 
oratory. 


EDITORIALS 


e Hypertrophic Cardiomyopathy: A Disease in Search of Its Own identity 
JOHN F. GOODWIN 


_ SPECIAL DEPARTMENTS 
1 Letters to the Editor 


10 American College of Cardiology News 


The heart of the matter 
in hypertension 
is the kidney 


The kidney—not the heart—is the key 
to long-term arterial pressure control. 
Diuretics help the kidney excrete so- 
dium, reduce fluid volume and lower 
blood pressure. 


No diuretic blocks sodium retention 
longer than Hygroton. 


In mild hypertension low-dose 
Hygroton 25 mg. An effective, 
conservative therapy. 


In mild hypert 


Low-dose 


Hyor 


(chlorthalj 


BRIEF SUMMARY f patients infot wader 
Indications: Hypertension, adjunctive thera eden certain paflenis® Insuli regbigementSin in didpetic patients May 
Contraindications: Anuria, hypersensitivit i OF unchanded'aad latent diabetes mellitusmay 
sulfonamide-derived drugs orthalidon@and@ related drugs May ines@ase the 
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7 Adverse Réactions RS UCHCUCMM cme TUL: § 
cramping. diafhga, c oWieundice (intrahepatic ch@léstaté 
adverse r sh he $ dolt. In nursing r dice). pancreatis; E t paresthesias. h@a@ach@ 
thiazides cross the placental barrir a in breast milk. If use of the nthopsia; leukop gfaqulocy {sis thromhocyiopaa eN istic 
drug is essential, the patient shoul s Sin emia: purpura. p as ticaria. necroffzingangiitig 
d x z asculitis) (cu s¥escMfis}. Lyells syndrome (tosic epidermal 
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summary of prescribing information 

DURAQUIN® (quinidine gluconate tablets) Sustained Release 

CLINICAL PHARMACOLOGY: In clinical studies, single doses of Duraquin produced a 
mean maximum plasma level at 2 hours which was maintained for 12 hours. This broad pla- 
¿eau indicates slow, continuous absorption from the gastrointestinal tract. 
In multiple dose studies, administration of Duraquin tablets, 660 mg every 12 hours, pro- 
duced steady state (equilibrium) plasma levels shortly after 24 hours. The average quini- 
dine plasma levels (Cramer and Isaksson assay’) were 0.81 mcg/ml and the mean peak 
levels were 1.16 mcg/ml in a group of normal male subjects weighing 75 Kg. Following the 
last dose at steady state, quinidine plasma levels decreased at an approximate rate of 
50% in 10 hours. This compares to the expected plasma half-life of 6.3 hours for quinidine 
sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with dosage. 
While therapeutic levels of 3 to 6 mcg/ml with a range of 1.5 to 9 mcg/ml have been re- 
ported, these values are based on peak plasma levels determined by the less specific 
Edgar and Sokolow assay?This procedure yields quinidine levels. averaging 22% higher 
than the Cramer and Isaksson assay. Plasma levels vary considerably in patients receiving 
identical doses. Therefore, it is advisable to adjust the dosage by monitoring plasma quini- 
dine levels. 


INDICATION: Duraquin tablets are indicated for the prevention of premature atrial, nodal, 
or ventricular contractions. They are also indicated for the maintenance of normal sinus 


rhythm following spontaneous reversion or electrical conversion of atrial, nodal, of ventricu- 
lar tachycardia, atrial flutter and fibrillation (either paroxysmal or chronic). 


ae G.and omon B. Quantitative Determination of Quinidine in Plasma. Scandina-- 
lin. igation 15, 553,1963- 

edoa? A.L and Cee M. Experiences with the Photofluorometrie Determination a 

Quinidine in Blood, J. Lab. Clin. ate 36,478, 1950. 


2PD-JA-2299-2-P(11-79) 


COST IS APPROXIMATELY 20% LESS THAN J OTHER” 
LONG-ACTING QUINIDINE GLUCONATE THERAPY! 


“The quantity of drug and frequency of administration needed to achieve desired. clinical results 
must be determined for each patient. 


sustained-release tablets, 330 mg 
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CONTRAINDICATIONS: 1. History of hypersensitivity to quinidine reoaiidetea by pate 
bocytopenia, skin eruption, febrile (pactions; etc. : 
2. Complete A-V block. iy 
3. Complete bundle branch block or other severe intraventricular Gonduction ae 
hibiting marked QRS widening or bizarre complexes. 
4. Myasthenia gravis. 2 
5. Arrhythmias associated with digitalis toxicity, 
WARNINGS: 1. (a) In the treatment of atrial fibrillation with xia ventricular response. 
tricular rate should be controlled with digitalis glycosides prior to Aciaimnetratlortot s 
quinidine. 
(b) In the treatment of atrial flutter with quinidine, reversion to sinus rhythm. they. be pres 
ceded by progressive reduction in the degree of A-V.block to a 4:1-ratio resulting in anex- 
tremely high ventricular rate. This potential hazard may be reduced by isi © t 
administration of quinidine. $ ie 
Recent reports have described increased, potentiall 
levels when quinidine is administered concurrently. eters 
manira snd patient OANCEA AA zi 
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(QUINDINE GLUCONATE 
oS TABLETS) sustained-release tablets, 330 mg 


: 7 ¿Briet summary continued from previous page. 


4° Because quinidine antagonizes ihe efect of vagal excitation upon the atrium and the 

A-V node, the administration ol parasyrnpathomimetic drugs (choline esters) or the use of 

any other procedure to enhance vagal activity may fai to terminate paroxysmal supraven- 

iriquiar tachycardia in patients receiving quinidine 

5: Quinidine should be used with extrema caution in 

Al The presence of incomplete A-V block. since a complete block and asysiole may result. 

Quinidine may cause unpredictable abnormalities of rhythm in digtalized hearts. There- 

fore, i should be used wilh caution in the presence of digitalis intoxication (see 1.(b) above). 
-ob\-Panial bundle branch block. 
ey Severe congestive heart lature and hypotensive states due to the depressant effects of 
“aguinidine on myocardial contrachlty anc arterial pressure 
di Poor renal function, especially renal tubular acidosis, because of the potential accumu- 
Jaton of quinidine in plasma leading to toxic concentrations 
<e PRECAUTIONS: 

cy Test Dose— A preliminary test dose of a single tablet of quinidine sulfate should be ad- 
ministered prior to the initiation o! the sustained release gluconate to determine whether 

othe patient nas an idiosyncrasy to ihe Quirudine molecule. 

oi, Hypersensitivity-—During the first weeks of therapy. hypersensitivity to quinidine, at- 
‘though rare, should be considered (eg, angioedema, purpura, acute asthmatic episode, 
agcular collapse). 

3. Long-Term Therapy — Periodic blood counts and liver and xidney function tests should 
te performed during long-term therapy and the drug should be discontinued if blood 

_  gyscfasias or signs of hepatic of renal diserders occur. 

TA Large Doses --ECG monitoring and determination of plasma quinidine leveis are rec- 
aimended when doses greater than 2.5 g/day are administered. 

3 Usage in Pregnancy— The use of quiriding, in pregnancy, should be reserved only for 
Hose cases where the Denefits outweigh the possible hazards to the patient and fetus. 

.. Nursing Mothers- The drug should be used with extreme Caution in nursing mothers 
because the drug is éxcreted in breast milk. 

7 General in patients exhibiting asthma, muscle weakness, and infection with fever prior 
zio quinidine administration, hypersensitivity reactions to the drug may be masked. 
DRUG INTERACTIONS: 

4 Caution stiduld be used when quinidine and its analogs are administered concurrently 
with Cournarin anticoagulants, This combination may reduce prothrombin ievels and cause 
“bleeding. 

2 Candine, a weak base, may have its hall-ite prolonged in patients who are concurrently 
akng drugs that car alkalize the urise, such as thiazide diuretics, sodium bicarbonate, 
- and carbonic anhydrase inhibitors. Quinidine and drugs which alkalize the urine should be 
used together cautiously. 
‘8 Quinidine exhibits a distinet anticholinergic activity in the myocardial tissues. An additive 
yagolytic effect may be seen when quinidine and drugs having anticholinergic blocking 
Cir aelivity are used together. Drugs having chounergie activity may be antagonized by 
tpanidine 
a, Suihidinge and other antiarrhythmic agents may produce additive cardiac depressant ef- 

Tic tects when administered together. 
2 -§: Quiniding interaction with cardiac glycosides (digoxin); See WARNINGS 
“6 Antacids may delay absorption of quinidine but appear unlikely to cause incompiete 
„absorption. 
7. Phenobarbital and phenytoin may reduce plasma ty of quinidine by 50%. 
“8-Quinidine may potentiate the neuromuscular blocking effect in ventilatory depression of 
opal ents receiving decamethonium, tubocurare, of Succinyicholine. 
ADVERSE REACTIONS: Symptoms of cinchanism (ringing in the ears, headache, dis- 
turbed vision} may appear in sensitive patients after a single dose of the drug. 
“Gastrointestinal: The most common side effects encountered with quinidine are refer- 
able io this system. Diarrhea frequently occurs, but it rarely necessitates withdrawal of the 
“drug: Nausea, vomiting. and abdominal pain also occur. Some of these elfects may be 
rmized by administering the drug wih meas 
Cardiovascular: widening of ORS complex, cardiac asystole_ ventricular ectopic beats. 
idioventricular rhythms including ventricular tachycardias and fibrillation; paradoxical 
“tachycardia, arterial embolism and hypotension. 
“Hematologic: acute hemolytic anemia, hypoprothrombinemia, thrombocytopenic pur- 
para agranulocytosis. 
CNS: seadache, fever, vertigo, apprehension, excitement, confusion, delirium and syn- 
cope, disturbed hearing (finnitus, decreased auditory acuity}. disturbed vision (mydriasis. 
Gireg vision, disturbed color perception, photophobia, diplopia. night blindness, scoto- 
fata optic neuritis 

Dermatologie: cutaneous flushing with intense pruritus. 

Hypersensitivity reactions: angicedema, acute asthmatic episode. vascular collapse, 
“yespyatory arrest. 
DOSAGE AND ADMINISTRATION: Dosage should be titrated to give the desired 
¢linical effect, e.g., elimination of paroxysmal rhythm or reduction in premature 
-= contractions (See CLINICAL PHARMACOLOGY). This will often require prolonged 
‘ambulatory ECG monitoring, as hour-to-hour variability renders brief ECG record- 
‘ings unreliable. When doses larger than 2.5 g/day are used, quinidine biood levels 
- should be monitored, if possible, and serial ECGs should be followed (See WARN- 

-INGS and PRECAUTIONS). 

"For pravention of pramature contractions and maintenance of normal sinus rhythm fol- 
lowing Spontaneous reversion or electrical conversion. the usual dosage is fram 330 mg to 
60mg every eight hours. most patients requiring the higher dose. 

in Siderly patients, andin patieris in the lower end of the normal weight range, plasma 

quinidine determinations should be considered. Desage adjustments may be required. 
2 SQVERDOSAGE: Cardivtoxic effects of quinidine may be reversed in part by molar sodium 
lactate: the hypotension may be reversed by vascconstrictors and by catecholamines 
{since the vasodilation is partly due te alpha-adrenargic blockade). 
HOW SUPPLIED: N 0071-0850 (P-D 850) Duraquin (quinidine giutonate tablets) 330-mg 
tablets are supplied in botties of 100 tablets. 
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a new publication ... 
for every professional with an 
interest in Exercise and the Heart 


EXERCISE 


in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. Schoo! cf Medicine 
Jack H. Wilmore, PhO, Professor and Head Dept 
of Physical Ecusation & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section. 
Univ. of Calif. Schoo! of Medicine 


SEPTEMBER 1877, 408 PAGES. ILLUS. 


Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 

The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 
O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 
© Nuclear cardiology 
O Computer analysis of the exercise ECG 
© Stress myocardiai scintigraphy 
O Various interpretations of exercise tests in the asymptomatic 
population 
“The editors have brought together a distinguished group of 
specialists—ail of whom have made major contributions to the 
field. included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal-—in 
exercise and the heart, we urge you to look at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 
Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 


LAE SCROTAL ATES 


Yorke Medical Books ASC-1/80 
66 FIFTH AVE., 
NEW YORK, N.Y. 10019 


Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE for 30 days free examination and use. If | decide fo keep it. 
your invoice will be honored ($33.00 plus shipping cost). Otherwise, the 
book will be returned for full credit or refund. 


© Fufi payment enclosed, publisher absorbs shipping cost 
O Send invoice (U.S. and Canada only) 


{(Ceustries outside Western Hemispheres: prepay in U.S. funds and adó $6 to price) 
New York residents add applicable sales tax. 
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if you cant see high-frequency and 
low-amplitude signals like these? 


You can get instruments with 
good high-frequency response. 
Or others that can pick up low 
amplitudes. But would you really 
trust a diagnosis if you couldn't 
trust your ECG to do it all? 


With the Cambridge Model 3038/2 
3-channel ECG, you get all the 
recording fidelity you need... 
because you get signals from all 
parts of the çomplex. Distortion- 
free. Sharply defined. Every time. 


Recorder frequency response of 
more than 200 Hz allows the 
3038/2 to respond to high-fre- 
quency, low-amplitude signals so 


small, other ECG’s may miss 
them. A combination of low-fric- 
tion heated stylus and powerful 
servo-motor producestracingsso 
precise, no notches areslurred... 
no vital data lost — even when 
changes in signal level are less 
than 10 microvolts (0.1 mm at 
standard sensitivity). 


Of course, you may want more 
than a superior tracing. That’s 
why we've designed-in a semi- 
automatic mode to give you extra 
control and flexibility when pa- 
tients are uncooperative or ner- 
vous. That’s why you're able to 
add avariety oflead programming 
options to meet your exact re- 
cording format requirements. And 
that's why it’s so expandable, you 


recording, a computer phone 
terminal, a hum filter unit... or 
even buy a special “S” version for 
double-duty use as a mobile, 
stand-alone ECG or the heart of a 
modular stress test system. 


Get it all, with the Cambridge 
Model 3038/2. For details, write 
or call: Cambridge Instrument 
Company, 73Spring St., Ossining, 
N.Y. 10562 (914) 941-8100. 


first in electrocardiography 





The search for 
the perfect pace 


shape has final 
turned the corr 


It should come as no surprise to you that a number of pacemakers 
have taken on some pretty strange configurations. 

In the final analysis, though, there can be only one ultimate 
shape. An optimum design. Biocompatibility superior to all others 

Introducing our S 3000. It comes with a small connection 
that provides an optimum lead exit angle free of harsh bends. It is € 
connection that is an integral part of the total shape. Not an obviou: 
afterthought. 

The S 3000 has softly rounded, high radius edges and cor- 
ners. That’s important for a pacemaker. After all, sharp edges can 
be traumatic. And they can cause pocket erosion. 

Actual Size. The gently curving, rectangula 
A shape of the S 3000, plus its very low 
density, minimizes rotation and the 
capstan effect. Which leads us to 
' Our point. 

At Vitatron, the challenge to u: 
pacemaker that is electronically and te 
biocompatibly superior, too. 

If you would like to learn more 
us. Vitatron Medical b.v., PO. Box 7¢ 

PF The Netherlands. In the United States: 
EEEE One Gateway Center, Newton, MA 02 


© 1979 Vitatron Medical Inc. 
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the original (allopurinol) 
100 and 300 mg 
Scored Tablets 











The name 
Zyloprim 
is NOW 
imprinted on 
each tablet. 
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NUMBER 1 


CLINICAL STUDIES 


Arrhythmia in Hypertrophic Cardiomyopathy: Exercise and 
_ 48 Hour Ambulatory Electrocardiographic Assessment 
* With and Without Beta Adrenergic Blocking Therapy 














WILLIAM J. McKENNA, MD Submaximal treadmill exercise electrocardiography and 48 hour ambu- 
: SIVABAKIYAM CHETTY, MRCP, FCP latory electrocardiographic monitoring were performed in 30 patients with ao 





(SA) hypertrophic cardiomyopathy both with and without beta adrenergic __ 

CELIA M. OAKLEY, MD, FRCP, FACC blocking therapy. During ambulatory electrocardiographic monitoring 1 

JOHN F. GOODWIN, MD, FRCP, FACC patient (3 percent) had no arrhythmia, 14 patients (46 percent) had su- 
London, England praventricular tachycardia or paroxysmal atrial fibrillation, 13 (43 percent) 


had multiform or paired ventricular extrasystoles and 8 (26 percent) had — 
ventricular tachycardia. The frequency of these ventricular arrhythmias —__ 
was almost identical with and without beta adrenergic blocking drugs . 
(mean dose in “propranolol equivalents” 280 mg daily). With beta blocking i 
therapy fewer patients had supraventricular tachycardia; however, the 
difference was not significant. During exercise testing 18 patients (60 2 
ae i percent} had ventricular extrasystoles and 3 patients (10 percent) had 
paired ventricular extrasystoles and the frequency was almost identical 
with and without beta adrenergic blocking therapy. No routine echocar 
diographic or hemodynamic measurement predicted the serious ven 
tricular arrhythmias. 

It is concluded that asymptomatic ventricular arrhythmia is a common 
occurrence in patients with hypertrophic cardiomyopathy and its fre 
quency is not reduced with beta adrenergic blocking therapy. Because 
occult arrhythmia may be the cause of sudden death it is important | to. 

. detect it in these patients so that an effort can be made to impegys 
prognosis with specific antiarrhythmic treatment. 





The association of sudden death with asymmetric hypertrophy of the 
heart in young adults was first made by Teare! in 1958. Hypertrophic 


From the Division of Cardiovascular Disease 7 2 

(Ciiniéal Cardiology), Department of Medicine, cardiomyopathy has since been well recognized and sudden death found 
. Royai Postgraduate Medical School, London, En- to be the most common mode of death.3 In coronary artery disease 

gland. Manuscript received April 17, 1979; revised sudden death has been linked to serious ventricular arrhythmias.‘ In 





manuscript received July 16, 1979, accepted July hypertrophic cardiomyopathy no clinical or hemodynamic. variable has 





= 28, 1979. = uo, yet been identified as a reliablé predictor of sudden death.® Several an- 

: a Reb rE PRESA a tecedent mechanisms have been proposed: tachycardia induced by ex- 
-< Hospital, Du Cane Road, London W12 OHS, En- ercise or emotion associated with a decrease in stroke volume and blood 
~ gland, pressure, an increase in left ventricular outflow tract obstruction and . | 
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<< in resistance to left ventricular filling, myocardial 
ischemia or atrial fibrillation.® After the postmortem 
-- description of atrioventricular (A-V) nodal fragmen- 
` tation’ and the electrophysiologic description of dual 
A-V nodal pathways’ the possibility of accessory 
pathways allowing reentry or tachyarrhythmias has also 
- been suggested.? Any of these mechanisms might pre- 
cipitate ventricular fibrillation but the exact antecedent 
events remain unknown. This study was undertaken to 
: assess the frequency and type of unsuspected arrhyth- 
mias and their relation to exercise and to assess the ef- 
fect of therapy with beta adrenergic blocking drugs. 


Methods 
5 Electrocardiographic testing: Thirty consecutive unse- 
. lected patients with clinical and angiographic hypertrophic 
_ cardiomyopathy performed submaximal treadmill exercise 


© electrocardiography and underwent 48 hour outpatient am- 


- < bpþulatory electrocardiographie monitoring both with and 
<- without beta adrenergic receptor blocking drugs. The exercise 


tests: were performed on the sport engineering treadmill ma- 
-chine using an X,Y,Z orthogonal lead system. The ambulatory 


 -electrocardiographic monitoring was performed using the 
-o Oxford Medilog cassette recorder and recording instrument 
~~ and a Reynold’s high speed pathfinder electrocardiographic 
> analyzer. All records were analyzed by a physician. The 
< grading system of Ryan et al.!° for ventricular arrhythmia was 
_ used: grade 0, no ventricular extrasystoles in 24 hours; grade 
1, occasional ventricular extrasystoles but no more than 30 in 


-any hour of monitoring; grade 2, more than 30 ventricular 


extrasystoles in any hour of monitoring; grade 3, multiform 
ventricular extrasystoles; grade 4a, couplets (two consecutive 
ventricular extrasystoles); grade 4b, ventricular tachycardia 
-< {three or more ventricular extrasystoles in succession). 
Patients: Thirteen patients were women and 17 were men. 
z: The mean age was 48 years (range 21 to 71). The symptoms 
were not particularly severe in that 20 patients were classified 


occam New York Heart Association! class Ior II and only 10 in 


class HI or IV. Twenty-five patients had sinus rhythm and five 
chad established atrial fibrillation. Twelve patients complained 
<< of palpitations, and five of these had had at least one previous 
-< syncopal episode. The dose of beta blocking agent in pro- 
i- .pranolol equivalents ranged from 60 to 800 mg/day (mean 280 
_ mg/day) per patient. This dose was determined by a resting 
heart rate of 50 to 60 beats/min, a maximal exercise heart rate 
of 100 to 110 beats/min and optimal relief of symptoms of 






_. Supraventricular Arrhythmias Detected During 48 Hour 
-Ambulatory Electrocardiographic Monitoring With and 
Without Beta Adrenergic Blocking Drugs 





Without Beta With Beta 
Blocking Agents Blocking Agents 








{24-patients*) {25 patients*) 
no. % no. % 
<- Atrial extrasystoles 
: None 4 16 5 20 
<30/hour 7 29. 5 20 
>30/hour 13 54 15 60 
Supraventricular tachycardia 10 41 6 24 





* Five patients with atrial fibrillation excluded. 
no. and % = number and percent of patients, respectively. 





angina, dyspnea and palpitations without undue side effects 
from the drug. 

Cardiac catheterization: All patients underwent right and 
left heart catheterization and left ventricular angiography. 
Patients were considered to have obstruction: if the intra- 
ventricular pressure gradient measured under basal conditions 
or with provocation (isoproterenol infusion, amyl nitrate in- 
halation or Valsalva maneuver) was 30 mm Hg or greater. 
Coronary arteriography was performed when coexistent cor- 
onary artery disease was considered possible; none of the four 
patients studied had significant disease. The original or a re- 
peated cardiac catheterization was performed within 3 years 
before the study in all patients. No patient had had previous 
cardiac surgery. 

Statistical significance was assessed using the unpaired t 
test, the chi square test or the Fisher Exact test. 


Results 


Ambulatory electrocardiographic monitoring: 
Twenty-eight of the 30 patients were studied both with 
and without beta blocking drugs. One patient could be 
studied only during beta blocking therapy because her 
chest pain became significantly worse when therapy was 
stopped; another patient could be studied only without 
beta blocking drugs because he had severe left ventric- 
ular failure. Table I summarizes the supraventricular 
arrhythmias detected during 48 hour ambulatory elec- 
trocardiographic monitoring. 

Atrial extrasystoles were common and the overall 
frequency was identical with and without beta blocking 
therapy. Thirteen patients had frequent atrial extra- 
systoles (more than 30/hour) and seven had occasional 
atrial extrasystoles (30 or less/hour) without beta 
blocking therapy; 15 patients had frequent and 5 had 
occasional atrial extrasystoles with beta blocking 
therapy. 

Fourteen patients had supraventricular tachycardia 
(including paroxysmal atrial fibrillation); the fre- 
quency of these atrial arrhythmias was reduced, but not 
significantly so, with beta blocking drugs. Without beta 
blocking therapy, 10 patients had supraventricular 
tachycardia; with it, 6 patients had supraventricular 
tachycardia. 


TABLE Il 


Ventricular Arrhythmia Detected During 48 Hour 
Ambulatory Electrocardiographic Monitoring With and =, 
Without Beta Adrenergic Blocking Drugs 











Without Beta With Beta 
Blocking Agents Blocking Agents 

(29 patients) (29 patients) 
Arrhythmia Grade* no. % no. % 
0 ino VES} 4 14 7 28 
1 ($30 VES/hour) 6 21 § 17 
2 (>30 VES/hour) 19 66 16 56 
3 imultiform VES) 11 38 11 38 
4a (couplets) 9 31 8 28 
4b (VT) 5 17 4 14 








* Classification of Ryan et al.1° 
no. and % = number and percent of patients, respectively; VES = ` 
ventricular extrasystole; VT = ventricular tachycardia. 


January 1980 The American Journal of CARDIOLOGY Volume 45 


s>" Table H summarizes the ventricular arrhythmias 
+- detected daring 48 hour ambulatory electrocardio- 
graphic monitoring. Twenty-seven of the 30 patients 
> had ventricular arrhythmias and the frequency was 
similar with and without beta blocking therapy. With- 
| out therapy 32 percent had more than 100 ventricular 
= extrasystoles/24 hours, 66 percent had more than 30 
ventricular extrasystoles/hour and 38 percent had 
` multiform and 31 percent paired ventricular extrasys- 
toles. With beta blocking therapy, 28 percent had more 
than 100 ventricular extrasystoles/24 hours, 56 percent 
had more than 30 ventricular extrasystoles/hour and 38 
percent had multiform and 28 percent. paired ventric- 
ular extrasystoles. Eight patients had ventricular 
tachycardia and the frequency was identical with and 
without beta blocking therapy. 

Table HI summarizes the clinical and ambula- 
tory electrocardiographic findings in the patients 
with ventricular tachycardia. Three patients had a 
single episode of ventricular tachycardia only in the 

-absence of beta blocking therapy and three patients had 
a single episode of ventricular tachycardia only with 
therapy. Patient 7 had six episodes of ventricular 
- tachycardia without beta blocking therapy but could not 
__. be studied during therapy because he had left ventric- 
ular failure. He was subsequently admitted to the hos- 
pital for control of his arrhythmia but died suddenly. 
His medications were digoxin, diuretic drugs and diso- 
pyramide. Patient 8 had seven episodes of ventricular 
tachycardia without and eight episodes with therapy. 
He died suddenly at home while watching television. His 
medications were diuretic drugs and disopyramide. The 
frequency of ventricular extrasystoles in 24 hours was 
similar with and without beta blocking therapy in these 
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eight patients and was significantly different from that 
in the remaining 22 patients who did not have ventric- 
ular tachycardia (p = 0.05). The incidence of paired or 
multiform ventricular extrasystoles was also signifi- 
cantly different: 75 percent in the group with ventricular 
tachycardia compared with 24 percent in the group with _ 
nonventricular tachycardia (p = 0.05). Neither the _ 
pulmonary capillary wedge pressure nor the presence. = 
of intraventricular obstruction was predictive of ven- __ 
tricular tachycardia. In fact, with beta blocking therapy | 
58 percent of patients without obstruction and 35 per- 
cent of those with obstruction had serious ventricular. 
arrhythmia (grade 3, 4a and 4b); however, this differ- 
ence was not statistically significant (Fig. 1). No patient 
had second or third degree A-V block or evidence of 
sinus node disease. 
Exercise electrocardiography: Table IV summa- 
rizes the results of treadmill exercise electrocardiogra- 
phy. Twenty-eight patients performed submaximal 
treadmill exercise testing both with and without beta 
blocking therapy. The patients exercised until they 
became symptomatic and each patient performed an 
equivalent amount of exercise with and without thera- __ 
py. Without therapy the mean resting heart rate was 78 
beats/min (range 70 to 95 beats/min). At peak exercise 
the mean maximal heart rate was 150 beats/min (range __ 
110 to 170 beats/min). Eighteen patients had ventricular 
extrasystoles and two of these patients had paired — 
ventricular extrasystoles after peak exercise. With beta 
blocking drugs the mean resting heart rate was 56 
beats/min (range 40 to 60). At peak exercise the mean 
maximal heart rate was 100 beats/min (range 90 to 125 
Fifteen patients had ventricular extrasystoles and thr 
of these patients had paired ventricular extrasystol 



































TABLE Ili 
Summary-of the Clinical and 48 Hour Ambulatory Electrocardiographic Findings in the Patients With Ventricular Tachycardia 
ae no. of Beats in 
ee Longest Episode 
of VT Highest Grade intra- 
(episodes [n] Maximal of Ventricular Total ven- 
of VT} VES/Hour Ectopic Activity* VES7/24 Hours ticular co 
Case Without With Without With Without With Without With PCW  Obstruc- 
no. BB BB BB BB BB BB BB Syncope Rhythm (mmHg) tion 
La 
4 4(1) 0 12 16 3 3 48 35 ~ SR 18 No 
2 9113 0 14 36 4a 2 71 73 = SR 16 Yes 
3 71) 0 74 48 4a 4a 126 117 = AF 20 No 
4(1) 32 28 2 2 59 46 + PAF 16 Yes 
5t 0 §(1) 0 5 ie) 0 = SR 24 Yes 
8 0 6(4) 150 124 4a 4a 1260 743 = SR 20 No 
7t 10{6) NS 62 NS 4a NS 300 NS EE AF 27 No 
8? 157) 18(8) 708 542 4a 4a 2082 1117 + SR 22 No 
Mean 
+ SEM 
8 patients 130 488 3 19 
s with VT +84 +73 +271 +168 +2 
22 patients 68 54 160 146 19 
without VT +17 £19 84 £72 a ee 
* Excluding grade 46. 
Ventricular fibrillation during hemodynamic study, successful resuscitation. 
2 pF Died-suddenly within 3 months of ambulatory monitoring. 
oe AF = atrial fibrillation; BB = beta blocking agents; no. = number; NS = not studied; PAF = paroxysmal atrial fibrillation; PCW = mean pulmonary 
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éapillary wedge pressure; SEM = standard error of the mean; SR = sinus rhythm; VES = ventricular extrasystoles; VT = ventricular tachycardia, 
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ee GRADE OF VENTRICULAR ARRHYTHMIA 
FIGURE 1. Prevalence of grades of ventricular arrhythmia during 48 
- hour electrocardiographic monitoring in patients with obstructive and 
< syonobstructive hypertrophic cardiomyopathy while they were and were 
not taking beta adrenergic blocking drugs. 
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-after exercise. No other arrhythmias were detected 
_ either with or without beta blocking therapy during 
_ exercise testing. There was no correlation between se- 
_ tious ventricular arrhythmia on ambulatory electro- 
cardiographic monitoring and ventricular extrasystoles 
on exercise. 






Discussion 


“Arrhythmia: Our results revealed asymptomatic 
arrhythmia to be frequent in hypertrophic cardiomy- 
_opathy. Ambulatory electrocardiographic monitoring 
showed that 50 percent of patients had multiform or 
-paired ventricular extrasystoles or ventricular tachy- 
cardia and that 46 percent had supraventricular 
_ tachycardia that was not detected during exercise 
_. testing. Twenty-six percent of patients had ventricular 
achyeardia and two patients who had frequent ven- 
ricular tachycardia died suddenly within 6 months of 
ompletion of the study. Savage et al.!2 reported a 
imilar high incidence rate of serious ventricular ar- 
=- rhythmia in hypertrophic cardiomyopathy. They also 
_ found that more ef the arrhythmias were exposed with 
_ ambulatory electrocardiographic monitoring than with 
exercise testing. 
_ Maron et al.> reviewed the cases of 26 patients with 
hypertrophic cardiomyopathy who had died suddenly 
nd found that a distinctly abnormal electrocardiogram 
_ and the necropsy finding of moderately increased ven- 
tricular septal thickness (which has been shown to 
correlate with echocardiographic measurement of 
- ventricular septal thickness) were the only characteristic 
(features and that no specific clinical or hemodynamic 
-feature was a reliable predictor of death. In our study 
- the frequency of multiform or paired ventricular ex- 
_ trasystoles was associated with the finding of ventricular 
tachycardia, and the two patients who died both had 
frequent multiform and paired. ventricular extrasys- 
*toles. No clinical, routine echocardiographic, electro- 





















TABLE IV 


Results of Submaximal Treadmill Exercise 
Electrocardiogram in 28 Patients 





Without 





With 
Beta Blocking Beta Blocking 

Agents Agents 

Heart rate (beats/min) 
Resting 70-95 49-60 
Mean 78 56 
Maximal 116-170 90-125 
Mean 150 100 

Arrhythmia (no.) 

<1 VES/min* 14 13 
21 VES/min 4 2 





* Two patients had coupled ventricular extrasystoles both with and 
without beta blocking agents and one patient had coupled ventricular 
extrasystoles only with deta blocking therapy. 

no. = number of patients; VES = ventricular extrasystoles. 


cardiographic or hemodynamic feature, including family 


history, ventricular septal thickness and elevated left 
ventricular end-diastolic pressure, was a reliable pre- 
dictor of serious ventricular arrhythmia. 

Atrial fibrillation has long been regarded as an indi- 
cator of poor prognosis. ?° In our study 46 percent of the 
patients had supraventricular tachycardia or paroxys- 
mal atrial fibrillation and 16 percent had established 
atrial fibrillation. These arrhythmias did not predict 
serious ventricular arrhythmia and, in turn, they were 
not predicted by any clinical, electrocardiographic or 
hemodynamic variable. 

Mechanism of ventricular arrhythmias and 
sudden death: It is not surprising that the patients with 
hypertrophic cardiomyopathy who are in atrial fibril- 
lation with grossly elevated filling pressures and low 
cardiac output should die suddenly of presumed ven- 
tricular fibrillation. However, it is unsettling that sud- 
den death is not limited to those patients with advanced 
disease and may alse occur in the asymptomatic pa- 
tient. Serious ventricular arrhythmias predispose the 
patient with hypertrophic cardiomyopathy to sudden 
death, but what is the antecedent mechanism? 

After the descripticn of A-V nodal fragmentation by 
James and Marshall, Goodwin and Krikler® proposed 
rapid A-V transmission by way of an accessory pathway 
with rapid ventricular response and fibrillation as a 
possible mechanism of sudden death. In our series of 266 
patients with hypertrophic cardiomyopathy, classic 
Wolff-Parkinson-White syndrome was seen in only 
three patients, and in this study none of the 30 patients 
had episodes of tachycardia or a QRS configuration 
suggesting preexcitation. 

It is possible that ischemic arrhythmias are the 
mechanism of sudden death. Systolic compression of . 
septal perforator vessels has been demonstrated angi- 
ographically in hypertrophic cardiomyopathy! and 
narrowing of small septal arteries has been shown at 
necropsy by James and Marshall.’ Six of the eight pa- 
tients with ventricular tachycardia had bradycardia 
(rate 48 to 60 beats/min) immediately before the epi- 
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»  sodes of ventricular tachycardia; the remaining two 
patients had a heart rate of 100 and 110 beats/min, re- 
spectively, before their episodes of ventricular tachy- 
cardia. The mechanism of ventricular tachycardia may 
not be the same in all patients but it is probably not 
related to ischemia. 

> Beta adrenergic blockade: Our results corroborate 
: the findings of Ingham et al.! in 16 patients and show 
no significant alteration in the frequency of supraven- 
tricular or ventricular arrhythmia with beta adrenergic 
blocking therapy in hypertrophic cardiomyopathy. 
Ventricular tachycardia was preceded by tachycardia 
in only two patients and by bradycardia in six patients 
and no patient had ventricular tachycardia during ex- 
‘ercise. It is therefore not surprising that treatment with 
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beta adrenergic blocking drugs had nò effect on the 
frequency of serious ventricular arrhythmia. Frank et 
al.18 recently reported no deaths at 5 years among 22 
patients treated with massive beta adrenergic blocking 
doses of propranolol and suggest that a daily dose of | 
propranolol of less than 320 mg was rarely effective. One 
of our patients with ventricular tachycardia was taking 
800 mg of propranolol, and three others had propran- 
olol-equivalent doses of greater than 400 mg/day. 
Alternative antiarrhythmic agents should therefore 
be sought for the treatment of ventricular arrhythmias. 
and their efficacy tested in individual patients. Bet 
blocking drugs should principally be used for the control 
of established and paroxysmal atrial fibrillation and for 
alleviation of symptoms, especially angina pectoris. 
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To assess the reliability of the classic echocardiographic features in the 
heart with hypertrophic cardiomyopathy as criteria that differentiate it 
from normal heart and as predictors of outflow tract obstruction versus 
nonobstruction, 70 patients with clinical and angiographic evidence of 
hypertrophic cardiomyopathy were studied with M mode echocarciog- 
raphy. The diagnostic sensitivity and specificity of the classic features 
were assessed: ventricular septal thickness, 83 and 94 percent (sensitivity 
and specificity, respectively); ventricular septal amplitude of movement, 
71 and 89 percent; ventricular septal thickness to left ventricular posterior 
wall ratio, 79 and 94 percent; left ventricular end-systolic dimension, 54 
and 86 percent; septal-mitral valve distance at the onset of systole, 29 
and 100 percent; systolic anterior motion of the mitral valve, 61 and 100 
percent; and mid systolic closure of the aortic valve, 61 and 100 per- 
cent. 

No single M mode chocado feature was consistently abnormal 
in hypertrophic cardiomyopathy. in nonobstructive hypertrophic cardio- 
myopathy, ventricular septal thickness greater than or equal to 13 mm 
(sensitivity 68 percent and specificity 94 percent) and ventricular septal 
thickness to posterior wall ratio greater than or equal to 1.5 (sensitivity 
82 percent and specificity 94 percent) were the individual features with 
the greatest diagnostic value from the norm. Patients with obstruction at 
rest and labile obstruction (gradient only on provocation) had echocar- 
diographically identical features. Ventricular septal thickness greater than 
or equal to 13 mm plus systolic anterior motion of the mitral vaive or mid 
systolic closure of the aortic valve were the features that in combination 
best differentiated obstructive (resting and labile) from nonobstructive 
hypertrophic cardiomyopathy (sensitivity 82 percent and specificity 68 
percent) and the heart with obstructive hypertrophic cardiomyopathy from 
the normal heart (sensitivity 82 percent and specificity 100 percent). 


For the past decade echocardiography has been widely used in the di- 
agnosis of hypertrophic cardiomyopathy and various echocardiographic 
features have been described as characteristic of the disease: thickened 
ventricular septum,'” inert ventricular septum,’ 3-5 aþnormal ventricular- 
septal thickness to left ventricular posterior wall ratio, 33-7 systolic 
anterior motion of the mitral valve,?-! decreased septal- mitral valve 
distance at the onset of systole, %4 small left ventricular cavity™516 and - 
mid systolic closure of the aortic valve.!7-“© 

Systolic anterior motion of the mitral valve was the first echocardio- 
graphic abnormality to be observed in hypertrophic cardiomyopathy, 
and subsequently this criterion was promoted for the prediction- 12 and 
even the quantification” 21 of outflow tract obstruction. Later, “asym- 
metric septal hypertrophy” was introduced as the pathognomonic 
echocardiographic counterpart of the essential morphologic abnormality- 
in this disorder.’ More recently the diagnostic value of both these 
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»  wchocardiographic abnormalities has been called into 
: question. Systolic anterior motion of the mitral valve 
has been found in patients with hy pertrophic cardio- 
myopathy without obstruction**4 as well as in other 
conditions. !0.24-34 Asymmetric septal hypertrophy has 
been reported in normal children,” in athletes*6” and 
im patients with congenital and acquired heart dis- 
ease, 16-24.25,27,30,34,35,38-43 

Although the classic echocardiographic features have 
been repeatedly described,'~** their specificity in the 
diagnosis of hypertrophic cardiomyopathy and their 
predictive value in the recognition of outflow tract ob- 
struction remain uncertain. [t is the purpose of this 
study to assess the reliability of the seven echocardio- 
graphic features as criteria that can be used to differ- 
entiate the heart with hypertrophic cardiomyopathy 
from the normal heart and to predict the presence of 
obstructive versus nonobstructive hypertrophic car- 
diomyopathy in a large series of patients. 


e Methods 


Patients: Seventy patients with clinical and angiographic 
evidence of hypertrophic cardiomyopathy," 42 of whom were 
< “male, and 28 female (age range 12 to 70 years, mean 44 years), 

were studied with M mode echocardiography. All the patients 
were sttidied within 6 months.of cardiac catheterization. They 
were separated into three groups based on hemodynamic 
determination of left ventricular outflow tract obstruction: 
27 patients had a left ventricular outflow tract pressure gra- 
dient at rest (resting obstruction), 21 patients had no left 
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ventricular outflow tract gradient at rest, but showed a gra 
dient on provocation (labile obstruction) and 22 patients had. 
hypertrophic cardiomyopathy without obstruction either at- 
rest or on provocation (nonobstruction). a 
Thirty-six normal subjects, 16 male and 20 female (age. = 
range 14 to 61 years, mean 32 years), were also studied; they. 
included 16 members of the Hammersmith Hospital staff and 
20 patients referred for evaluation of functional murmurs who. _ 
did not show clinical, phonocardiographic or echocardio: | 
graphic evidence of cardiac disease. Results from this group 
were regarded as the basis for comparison. 
Echocardiography: Left ventricular, mitral valve leaflet, 
aortic root and left atrial echocardiograms were obtained by. 
the standard methods* with the Ekoline 20 Ultrasonoscope 
using a 2.25 megahertz transducer witha repetition frequency. 
of 1,000 pulses/s. The output was displayed on a Cambridge 
strip chart recorder with a simultaneous electrocardiogram. 
Studies were made with subjects in the supine or slight left. 
lateral position with the transducer at the left sternal edge. 
Seven classic echocardiographie features af hypertrophic 
cardiomyopathy were assessed (Fig..1): (1) ventricular septa 
thickness at end diastole; (2) ventricular septal amplitude of 
movement; (8) ventricular septal thickness to left ventricular: 
posterior wall ratio; (4) left ventricular end-systolic dimension; 
(5) septal-mitral valve distance at the onset of systole; (6) 
systolic anterior motion of the mitral valve; and (7) mid sys- 
tolic closure of the aortic valve. Features | to 4 were assessed. 
from the echocardiograms obtained just. below the plane of 
the mitral valve, where the minor axis of the left ventricle was: 
recorded. Features 5 and 6 were assessed from the echocar- 
diograms obtained at the plane of the mitral valve tip where 
both anterior and posterior leaflets were recorded simulta- 
neously. Feature 7 was assessed from the echocardiograms 























FIGURE 1. Seven classic features in hypertrophic cardiomyopathy. The numbers in parentheses under each of the § seven features indicate the 

percent of the echocardiograms that were adequate for the assessment of the feature indicated. AO = aorta: ECG = electrocardiogram; IVS = 

interventricular septum; 1VS-C = septal-mitral valve distance at the onset of systole; LVESD = left ventricular end-systolic dimension; LVPW = 
“left ventricular posterior wall; MSCAV = mid systolic closure of the aortic valve; MV = mitral valve; SAM = systolic anterior motion of the mitral 
valve, * 
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TABLE | 











Echocardiographic Data 
Hypertrophic Cardiomyopathy 
Resting Obstructive Labile Obstructive Nonobstructive Normal Subjects 
i (no. = 27) (no. = 21) (ne. = 22) (no. = 36) 
IVS thickness (mm) 21.0 [16.0-23.0] 19.0 [15.9-21.0] 14.5 [12.0-20.0] 10.0 [10.6-10.0] 
; (12.0-46.0) {9.0-28.0) | {(19.0-23.0} (7.0- 13.0} 
IVS amplitude of movement 4.0 [4.0-5.0] 4.0 [4.0-6.0] 5.0 [4.0-6.0] 7.6 [6.0-8.0} 
(ram) {2.0-8.0} {2.0- +49.0} {(3.0- 14.0) (5.0-11.0) _ 
WS/LVPW ratio 2.0 [1.7-2.6] 1.9 [1.4-2.3] 1.75 [1.5-2.1] 1.2 [1.2-1.3] 
{4.1-7.7} {0.6-3.2} {1.0-2.8} (0.9-1.7) 
EVESD {mm} 246473 24.6467 25.6 + 6.0 28.2444 
(7.0-37.0) (14.0-43.8) (16.0-38.0)} (20.0-41.0) 
#/S-C (mm) 21.0 + 5.2 22.2 45.0 26.14 5.9 314.1 £4.0 
{10.0-32.0} (15.0-22.0) (18.0-41.0) (23.0-39.0) 
SAM 22/26 cases 14/21 cases 6/22 cases 0/36 cases 
85% 67% 27% 0% 
: MSCAV 14/18 cases 13/17 cases 3/14 cases 0/35 cases 
78% 76% 21% 0% 
LVPW excursion (mm) 12.5 + 3.4 12.7 + 2.6 12.8 + 2.9 11.34 1.8 
(6.0-20.0) (8.0-18.0} (8.0-19.0) (8.0-16.0) 
IVS systolic thickening (%) 14.64 14.2 16.8 + 15.3 23.0 + 17.0 47.4 + 15.6 
eer (0-67) {0-62} {0-58} {18-86) 
<> Mean Vof (circ/sec) 1440.4 1440.4 15404 1440.3 
ae {0.6-2.2) (0.5-2.1) {0.7--2.0) (0.8-2.5) 














‘ - — Data represent mean values (+ standard deviation when indicated); figures in brackets represent 95 percent confidence limits of the median 





"values: figures in parentheses indicate range of values. IVS = interventricular septum, IVS-C = septal-mitral valve distance at the onset of systole; 
| LVESD = left ventricular end-systolic dimension; LVPW = left ventricular posterior wall; MSCAV = mid systolic closure of the aortic valve, SAM 


7 ‘systolic anterior motion of the mitral valve; Vcf = velocity of circumferential fiber shortening. 
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-FIGURE 2. interventricular septal (VS) thickness and amplitude of 
=e motion in patients with resting, labile and nonobstructive hypertrophic 
-cardiomyopathy and in normal subjects. NS = not significant; P = 
probability. : 
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obtained at the plane of the aortic root and the left atrium 
where both anterior and posterior aortic cusps were visualized. 
The attainment of proper beam direction was carefully 
checked by scanning several times from the aortic root 
through the mitral valve to the plane where the minor axis.of 
the left ventricle was chtained. The quality of the echocardi- 
ograms was adequate for the assessment of the first six fea- 
tures in more than 96 percent and for mid systolic closure of 
the aortic valve in 70 percent of the patients. 

In addition, the following indexes of left ventricular 
function were assessed: left ventricular posterior wall ex- 
cursion, and septal-systolic thickening which was expressed 
as systolic thickness minus diastolic thickness divided by di- 
astolic thickness ({S-D]/D), and calculated mean velocity of 
circumferential fiber Shortening (Vef). 

Statistical analysis: Standard statistical analyses were 
performed. The difference between two proportions was 
tested using Fisher’s Exact test. The two sample t test was 
used to test the difference between two means and the two- 
sample Wilcoxon test was used to differentiate between the 
two samples when the data were not normally distributed. 


Results (Table 1) x 


Ventricular septal thickness: The median ven- 
tricular septal thickness in all patients with hypertro- 
phic cardiomyopathy was significantly different from 
that in normal subjects (p <0.01) and the median ven- 
tricular septal thickness in patients with resting and 
labile obstructive cardiomyopathy -was significantly 
greater than the value in those with nonobstructive 
hypertrophic cardiomyopathy {p <0.01) (Fig. 2). The 7 
diagnostic sensitivity and specificity were 83 and 94 
percent, respectively, when ventricular septal thickness 
of 13 mm or more was defined as abnormal (Table 
ID. 
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a TABLE. 1! p 
* Sensitivity (percent) and Specificity (percent) of Seven Classic Echocardiographic Features 
Differentation of 
Differentiation of Restirig and Labile 
= Differentiation of HCM Nonobstructive HCM Obstructive HOM 
é From Normal State From Normal State From Nonobstructive HM 
Echocardiographic Features Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity 
IVS thickness 
213mm 83 94 68 94 90 32 
215mm 70 100 50 100 79 50 
IVS. amplitude 
hmm 71 89 ; 64 89 75 36 
“IVS/LVPW ratio 
21.3 91 56 86 56 91 9 
21.5 79 94 82 94 77 18 
LVESD 
<25mm 54 86 46 86 61 50 
ivS-C 
<20mm 29 100 14 106 37 86. 
<25mm 63 92 50 92 70 50 
<27mm 78 89 64 89 85 36 
SAM 61 100 27 100 77 73 
MSCAV 641 100 21 100 77 79 





HOM. = hypertrophic cardiomyopathy; IVS = interventricular septum; IVS-C = septal mitral valve distances at the onset of systole: LVESD a 
left ventricular end systolic dimension; LVPW = left ventricular posterior wall; MSCAV = mid systolic closure of the aortic valve: SAM = systolic. 
anterior motion of the mitral valve. 
















: Ventricular septal amplitude of movement: The P<0.01 
median ventricular septal amplitude of movement in 








NS 

all patients with hypertrophic cardiomyopathy was s 3 R 
significantly less than that in normal subjects (p <0.01), 
but there was no significant difference among the me- 3 . e 
dian values in patients with resting, labile or nonob- 2 L 2 
structive hypertrophic cardiomyopathy (Fig. 2). The oe. on 
diagnostic sensitivity and specificity were 71 and 89 5 20 za , 4 Bo 
percent, respectively, when ventricular septal amplitude S pa 8 =p 
of movement of 5 mm or less was defined as abnormal = p g $ l 
{Table H). 2 1.0 s g ra 

Ventricular septal thickness to left ventricular i 

*. posterior wall ratio: In all patients with hypertrophic A 

cardiomyopathy this ratio was significantly greater than Resting- © kabile- Non“ 


_ that in normal subjects (p <0.01) and there was no sig- Obstructive Obstructive Obstructive Normal 


nificant difference among the patients with resting, 

~ labile and nonobstructive hypertrophic cardiomyopathy 
(Fig. 3). The diagnostic sensitivity and specificity were 
79 and 94 percent, respectively, when ventricular septal 

-thickness to posterior wall ratio of 1.5 or greater was 
. defined as abnormal (Table II). 

* —. Left ventricular end-systolic dimension: The 
mean value of this dimension in all patients with hy- 
pertrophic cardiomyopathy was significantly less than 

that in normal subjects (p <0.02). There was no signif- 
icant difference in this dimension between patients with 
obstructive and nonobstructive hypertrophic cardio- 
myopathy (Fig. 3). The diagnostic sensitivity and 
specificity were 54 and 86 percent, respectively, when 
. a left ventricular end-systolic dimension of less than 25 
mm was defined as abnormal (Table II). 
Septal-mitral valve distance at the onset of sys- 


ye : : : FIGURE 3. Intervehiricular septal {IVS) to left ventricular posterior wall 
tole: In ted Ben a of the A ae Si (LVPW) ratio and left ventricular end-systolic dimension (LVESD) in 
. mean septal-mitral valve distance at the onset of systole patients with resting, labile and nonobstructive hypertrophic cardio- 


in all patients with hypertrophic cardiomyopathy was myopathy and in normal subjects. 











LVESD 
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“FIGURE 4. interventricular septal-mitral valve distance (IVS-C) at the 
“onset of systole, systolic anterior movement (SAM) of the mitral valve 

and mid systolic closure of the aortic valve (MSCAV) in patients with 

“resting, labile and nonobstructive hypertrophic cardiomyopathy and 
-in-normal subjects. 


t NS 
P < 0.001 


_ significantly reduced (p <0.01) and in patients with 
_ resting and labile obstruction it was significantly less 
- than in those without obstruction (p <0.01) (Fig. 4). The 
_ diagnostic sensitivity and specificity were 29 and 100 
percent, respectively, when a systolic septal-mitral valve 
__ distance of less than 20 mm was defined as abnormal 
_ (Table ID. 

Systolic anterior motion of the mitral valve: No 
ormal subject manifested systolic anterior motion of 
_ the mitral valve, but it was present in 61 percent of all 
_ patients with hypertrophic cardiomyopathy (Table II). 
_ Its presence did not differentiate the patients with 
_ resting obstruction from those with labile obstruction, 
_ but itdid distinguish those two groups from the patients 
| with nonobstructive cardiomyopathy (p <0.001) (Fig. 
FAJE 

> Mid systolic closure of the aortic valve: No normal 
| subjeet had mid systolic closure of the aortic valve, but 
| it was present in 61 percent of all patients with hyper- 
| trophic cardiomyopathy (Table II). Its presence did not 
-differentiate the group with resting obstruction from 
that with labile obstruction, but did distinguish these 
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two groups from the group with nonobstructive car- : 
diomyopathy (p <0.001) (Fig. 4). 


Discussion 


Ventricular septal thickness: A markedly thick- 
ened ventricular septum causing “functional obstruc- 
tion” of the left ventricular outflow tract in the absence 
of aortic valve disease was first noted at operation by 
Lord Breck*® in 1957. A year later Teare*’ described 
eight cases of sudden death in young adults with 
asymmetric hypertrophy of the heart. The predominant 
pathologie finding was a grossly hypertrophied ven- 
tricular septum. Menges et al.48 in 1961 provided mea- 
surements of ventricular septal thickness and left ven- 
tricular posterior wall thickness in three necropsy cases 
and subsequently a larger number of cases was similarly 
reported?! A thickened ventricular septum had 
previously been noted echocardiographically.>? but 
Abbasi et al.! were the first to previde specific mea- 
surements in eight patients. 

Henry et al.°! and recently Gilbert et al.°° reported 
a significant difference in mean ventricular septal 
thickness between patients with obstructive versus 
nonobstructive hypertrophic cardiomyopathy (Table 
I). Gilbert et al. indicated that left ventricular outflow 
tract obstruction was more likely to be present with a 
thicker septum and a narrower septal-mitral valve 
distance. We found a difference between the median 
ventricular septal thickness in patients with obstruction 
(both resting and labile) and that in patients without 
obstruction (p <0.01), and this asseciation of a thick- 
ened ventricular septum with obstruction suggests that 
the septum itself may play a part in the obstruction 
simply by narrowing the outflow tract of the left ven- 
tricle.*4 Our results also showed that ventricular septal 
thickness in patients with hypertrophic cardiomyopathy 
was significantly greater than that in normal subjects 
(p <0.01). However, 12 of 70 patients (17 percent) with 
hypertrophic cardiomyopathy had a ventricular septal 
thickness of less than 13 mm and 7 of these patients had 
no outflow tract obstruction. Also, 2 of 36 normal control 
subjects (5 percent) had a ventricular septal thickness 
equal to 13 mm. 

Ventricular septal amplitude of movement: The 
ventricular septum in hypertrophic cardiomyopathy has 
been described as an adynamic and functionally im- 
mobile structure.?-> We found a significantly reduced 
ventricular septal amplitude of movement in hyper- 
trophic cardiomyopathy (p <0.01) with grossly de- 
creased septal systolic thickening; however, 28 percent, 
of the patients with hypertrophic cardiomyopathy had 
a ventricular septal amplitude of motion of 5 mm or 
more which is within the normal range. 

Hagen et al.>° demonstrated echocardiographically 
a pivot point of the ventricular septum, the superior 
segment of the septum moves anteriorly during systole, 
and below the pivot point the lower two thirds of the 
septum moves posteriorly during systole. They stressed 
that it is important to evaluate ventricular septal motion 
with a beam direction below the plane of the mitral 
valve and since the work of Rossen et al.,* it has been 


January 1980 The American Journal of CARDIOLOGY Volume 45 








fe AS = aortic stenosis; HT = hypertension; iVS = interventricular septum; LVH = left ventricular hypertrophy; LVPW = left ventricular posterior. 
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TABLE Ill 
Previous Echocardiographie Studies and Our Results 
IVS Thickness (mm) IVS/LVPW Ratio 
Hypertrophic Cardiomyopathy Hypertrophic Cardiomyopathy 
: First Resting Labile Non- Resting Labile Non- 
Author Cases. Obstruc- Obstruc- obstruc- Secondary Obstruc- Obstruc- obstruc- Secondary : 
& year (no. tion tion tion LVH Normal tion tion tion LVH Normal 
Abbasi? . . = 
1972 8 yii sake 25.0 + 10.0 + 2.0 ee ae 233+ 147-404 
` 3.0 0.24 : 
1973. 20 (22.5 + 3.4) 16.6 4 1.8 10342.2 (2.2 + 0.2} 12401 12404 
Herry” . — 
1973 15 (22.2 + 5.2) 144429 97406 (1.68 + 0.2) 4.03 + 0.06 1.03 4.0.0 
1974 100 241 23.2 + 8.5 + bes 9940.1 Aae maA a 
0.6 0.9 0.4 
Rossen* 
29 (19.6 + 0.4) 9.9 + 0.2 (1.8 + 0.05) 
16 _ (18.7 & 1.3) 8.1 + 0.4 (1.7 $0.1) 
15 15-30 11.0 1.5-3.0 
67 240+ 20.2 + 2.1 17.5 + 
34 2.0 
30 (22.0 + 5.0} HT 1547; 90410 (1.7 + 0.6) 
AS 164+ 2 
70 21410 19.0 14.5 10.0 2.0 1.9 1.75 





















wall. 


Data represent mean values + standard error of the mean; figures in parentheses indicate values for the three groups of patients with cardio- 


myopathy. 


conventional in hypertrophic cardiomyopathy to mea- 
sure septal motion just below the plane of the mitral 
valve, where the minor axis of the left ventricle is re- 
corded. Although measurement of the ventricular septal 
amplitude of movement- just below the plane of the 
mitral valve is of diagnostic value, the interpretation 
that the whole (or. entire) septum is an immobile 
structure may not be correct.5® 

Ventricular septal thickness to left ventricular 
posterior wall ratio: This feature was first described 
echocardiographically by Abbasi et al.! in 1972 (Table 
HI), and a year later Henry et al.® claimed that a ven- 
tricular septal thickness to. posterior wall ratio greater 


-than or equal to 1.3, which they termed “asymmetric 


» 


septal hypertrophy,” was a pathognomonic echocar- 
djographic abnormality of hypertrophic cardiomyop- 
athy. Subsequently, however, “asymmetric septal hy- 
pertrophy” has been reported in normal infants and 
young children without heart disease* and in patients 
with congenital heart disease,?4538:39.40 myocarditis,» 
hyperlipidemia (type II), coronary artery disease,*!2 
primary pulmonary hypertension,®° systemic hyper- 
tention,!®25-43 and other forms of valvular and subval- 
vular left ventricular outflow tract obstruction!®-26.27.34 
as well as in normal athletes, including basketball 


_ players®® and weight-lifters.*7 Obviously “asymmetric 
_ septal hypertrophy” defined as a ventricular septal 
__ thickness to posterior wall ratio of 1.3 or more is not 


af 

peers 

ome 

eS 
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: . specific for hypertrophic cardiomyopathy. Although 91 
percent of our patients with hypertrophic cardiomy- 
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opathy had “asymmetric septal hypertrophy” as defini 
by this ratio, so did 44 percent of our normal subjects 
Inan attempt to improve the specificity of this “diag- 
nostic” feature, several authors?!454 have suggested a 
ratio of 1.5 or greater. Reanalyzing our data utilizing a 
ratio greater than or equal to 1.5 as the diagnostic cutoff 
point, we found a sensitivity of 79 percent and speci- 
ficity of 94 percent (Table IT). 

Although early reports?® on small numbers of pa- 
tients suggested that a ratio of 1.3 or more was diag- 
nostic, a review of published data suggests that this- 
criterion is not specific enough to differentiate hyper- . 
trophic cardiomyopathy from other forms of secondary 
left ventricular hypertrophy. Gibson et al.!® recently 
published echocardiographic measurements in 27 pa- 
tients with hypertension and 21 patients with aortic 
stenosis whose ventricular septal thickness to posterior 
wall ratio was 1.4 + 0.5 and 1.3 + 0.4, respectively (Table 
IID); our unpublished data in 35 patients support their 
findings. 

Left ventricular end-systolic dimension: A stall 
left ventricular end-systolic chamber size was reported 
in several angiographic studies*4-5859 and Tajik and 
Giuliani? first made the echocardiographic observation. 
Recently, Sanderson et al.!° and then Gibson et al.! 
demonstrated-reduced mean left ventricular end=sys- 
tolic dimension in patients with hypertrophic cardio- 
myopathy in comparison with normal control subjec 
Our results are similar and show a reduced mean left. 
ventricular end-systolic dimension in hypertrophic 
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FIGURE 5. Sensitivity of each abnormal feature in 70 patients with 

hypertrophic cardiomyopathy (HCM) and in 36 normal subjects. Ab- 
breviations as in Figures 1 through 4. 
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_cardiomycpathy; however, the low sensitivity (54 per- 
cent) and specificity (86 percent) render this echocar- 
_diographic feature of little diagnostic value. 
- Septal-mitral valve distance at the onset of sys- 
tole: Henry et al.!° considered the narrowing of the left 
ventricular outflow tract at the onset of systole one of 
the factors responsible for the development of outflow 
tract obstruction, and in their series of 100 patients with 
hypertrophic cardiomyopathy only 6 percent of the 
patients without obstruction had a septal-mitral valve 
distance of less than 20 mm compared with 66 percent 
of patients with resting obstruction. They excluded 
patients with labile obstruction from their analysis. We 
found a statistically significant mean difference between 
patients with and without obstruction and between all 
-patients with hypertrophic cardiomyopathy and normal 
subjects. However, only 29 percent of all patients with 
hypertrophic cardiomyopathy had a septal-mitral valve 
distance of less than 20 mm at the onset of systole. 
Maximal sensitivity (78 percent) and specificity (89 
percent) for the differentiation of all patients with hy- 
_pertrophic eardiomyopathy from normal subjects were 
-obtained with less than 27 mm as the cutoff point. 
Maximal sensitivity (70 percent) and specificity (50 
percent) for the differentiation of obstructive from 
nonobstructive hypertrophic cardiomyopathy were 
obtained with less than 25 mm as the cutoff point (Table 
ID: ; 
“Systolic anterior motion of the mitral valve: This 
abnormality, reported by Shah et al.® as a typical feature 
of hypertrophic obstructive cardiomyopathy, has since 
been found in nonobstructive hypertrophic cardiomy- 
-opathy??-?4 and in other conditions. Adequate docu- 
-mentation with unequivocal complete systolic anterior 
motion was found in one patient with systemic hyper- 
‘tension? who might have had coexistent hypertrophic 
cardiomyopathy, in one patient with fixed subaortic 
_ stenosis,”° in one patient with aortic and mitral steno- 
sis” and in a patient with myeloid metaplasia who had 
been treated with noradrenaline.” Adequately docu- 
mented incomplete systolic anterior motion of the mi- 
“tral valve has been shown in patients with aortic valve 
disease, primary pulmonary hypertension,®° left 








Obstructive 


Non- Obstructive 
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FIGURE 6. Sensitivity of each abnormal feature in 48 patients with 


obstructive and 22 patients with nonobstructive hypertrophic cardio- 
myopathy. Abbreviations as in Figures 1 through 4. 


ventricular aneurysm?! and pericardial effusion.?? 
Systolic anterior motion of the mitral valve has also 
been reported in right ventricular volume overload,?°*4 
aortic valve disease?+4 and mitral valve disease,!°4 
although unequivocal documentation was not pro- 
vided. 

Systolic anterior motion of the mitral valve was found 
in 77 percent of our patients with both resting and labile 
obstructive hypertrophic cardiomyopathy and in only 
27 percent of our patients with nonobstructive hyper- 
trophic cardiomyopathy. The difference is statistically 
significant (p <0.001). In the six patients without ob- 
struetion systolic anterior motion of the mitral valve was 
incomplete. 

Mid systolic closure of the aortic valve: This ab- 
normality was described by many authors in obstructive 
hypertrophic cardiomyopathy,!7:!5-20.45.6 but it has not 
been described in the nonobstructive form of the dis- 
ease. Abnormalities of aortic valve motion and early 
systolic closure of the aortic valve were also described 
in discrete subaortic stenosis!3-!9.61.62 and in ruptured 
aneurysm of the right coronary sinus of Valsa!va;}8 
however, in these cases there were characteristic fea- 
tures that allowed differentiation from the mid systolic 
closure of the aortic valve seen in hypertrophic cardio- 
myopathy.!8!9 Also, Feigenbaum® mentioned a patient 
with mitral regurgitation and a patient with ventricular 
septal defect who showed mid systolic closure of the 
aortie valve. However, full clinical and echocardio- 
graphic details are not available. More recently, Cha- 
hine et al.” studied 15 patients with hypertrophic car- 
diomyopathy and suggested that mid systolic closure 
of the aortic valve is useful in differentiating hyper- 
trophic cardiomyopathy with true obstruction from the 
pseudo-obstruction secondary to catheter entrapment 
and cavity obliteration. 

The precise mechanism of mid systolic closure of the 
aortic valve in hypertrophic cardiomyopathy is not well 
known, but it has been postulated that it is due to the 
suction effect (Venturi effect) of a high velocity blood- 
stream®*-®6 in the first half of systole followed by a de- 
crease in flow velocity in the second half.8768 This hy- 
pothesis fits our experience with intracardiac phono- 


. 
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cardiography, which shows a mid systolic ejection 
murmur recorded from the left ventricular cavity. 

Mid systolic closure of the aortic valve was recorded 
in 78 percent of our patients with resting obstruction, 
in 76 percent of those with labile obstruction and in 21 
percent of the patients with nonobstructive hypertro- 
phic cardiomyopathy. These results are consistent with 
the elegant work of Martin et al., which showed no 
difference in the blood flow profile between patients 
with resting and those with labile obstruction. In pre- 
dicting obstruction versus nonobstruction, the presence 
of mid systolic closure of the aortic valve had a 77 per- 
cenit sensitivity and 79 percent specificity and is clearly 
useful in predicting the obstructive form of the disease 
but is not pathognomonic of it. 

Clinical implications: No single echocardiographic 
feature was present in more than 83 percent of our pa- 


-o tents with hypertrophic cardiomyopathy (Fig. 5). The 





-two features that had high diagnostic specificity 





sys- 
tolic anterior motion of the mitral valve and mid systolic 
closure of the aortic valve—both occur in other condi- 


tions and were present in only 61 percent of our pa- 

tients. It is therefore clear that no single M mode 
<< echocardiographic feature is diagnostic of hypertrophic 
cardiomyopathy. 


In nonobstructive hypertrophic cardiomyopathy a 








ventricular septal thickness of 13 mm or greater and a 
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~ Left Ventricular Relaxation and Filling Pattern in 
Different Forms of Left Ventricular Hypertrophy: 
An Echocardiographic Study 








To study left ventricular relaxation and filling in different forms of left 
ventricular hypertrophy, echocardiograms of the left ventricle in 24 pa- 
tients with hypertrophic obstructive cardiomyopathy and in 24 patients 
with chronic left ventricular pressure overload (due to aortic stenosis in 
6 and to severe arterial hypertension in 18) were analyzed by computer 
and compared with those of 28 normal subjects. The relaxation time index 
(minimal left ventricular dimension to mitral valve opening) was 13 + 15 
ms in normal subjects. This index was prolonged in patients with cardio- 
myopathy (93 + 37 ms) and overload (66 + 31 ms). During the interval 
from minimal left ventricular dimension to mitral valve opening both groups _ 
with left ventricular hypertrophy showed a marked increase in left ven- 
tricular dimension of 4.0 + 2.2 mm and 3.0 + 1.8 mm, respectively, which 
was significantly greater (p <0.001) than in normal subjects (0.6 + 0.5 
mm). This was probably a result of an abnormal change in left ventricular 
shape during isovolumic relaxation. 

The rapid filling phase and the increase in dimension during this period 
were significantly reduced in hypertrophic obstructive cardiomyopathy 
and chronic pressure overload. in contrast to findings in the patients with 
cardiomyopathy, in those with pressure overload the reduced i increase 
in left ventricular dimension during the rapid diastolic filling period was 
compensated for by a greater dimensional increase due to atrial con- 
traction, resulting in a normal end-diastolic dimension. These data indicate. __ 
that significant prolongation of isovolumic relaxation is seen in different 
forms of left ventricular hypertrophy and is often associated with an ab- 
normal diastolic filling pattern. 














Recent echocardiographic and angiographic studies'-* have shown that 
hypertrophic obstructive cardiomyopathy is often associated with ab- 
normal left ventricular relaxation and an abnormal diastolic filling 
pattern. In this study we examined whether these abnormalities are only 
typical for this special type of left ventricular hypertrophy or whether 
they can be found in other forms of left ventricular hypertrophy as well. 
Therefore, the time intervals and dimensional changes during left ven- 
tricular relaxation and filling were studied in normal subjects, in patients 
with hypertrophic obstructive cardiomyopathy and in patients with left 
ventricular hypertrophy due to chronic pressure overload. 


Methods 
Patients d 


Seventy-six subjects were studied and classified into three groups. : 

Normal subjects: This group consisted of 28 persons without evidence of 
heart disease; all had normal sinus rhythm. Thirteen were female and 15 male, 
with an age range of 17 to 46 years (mean 28). 


tad e 
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= -Hypertrophic obstructive cardiomyopathy: This group 
‘consisted of 24 patients, 15 female and 9 male (age range 19 
-to 67 years, mean 36). All but two had normal sinus rhythm. 
In all cases the diagnosis of hypertrophic obstructive cardio- 
myopathy was based on the typical echocardiographic features 
‘and in 21 patients it was confirmed with left heart catheter- 
ization: At the time of study, no patient was receiving beta 
adrenergic blocking agents or calcium antagonists; these drugs’ 
were discontinued at least 8 days before the echocardiographic 
study. 
“Chronic pressure overload: The third group consisted of 
24 patients with chronic left ventricular pressure overload due 
=-to either aortic stenosis proved at left heart catheterization 
__ (6 patients) or to severe arterial hypertension (18 patients). 
Pen patients were female and 14 male, with an age range of 
_ 86 to 69 years (mean 53). At the time of study, the hyperten- 
_ give patients were receiving diuretic or antihypertensive drugs 
= 4dexcluding beta blocking agents), and none received digi- 
< talis: 


_ Echocardiographic Studies 


— — Echocardiograms were obtained with a Picker Echoview C 
80 ultrasonoscope using a 1.25 em diameter, 2.25 megahertz 
-transducer with a pulse repetition rate of 1,000 cycles/s. The 
recordings were made with a multichannel Honeywell 1856 
_ gtrip-chart recorder at a paper speed of 50 mm/s along with 
-an electrocardiogram. Studies were made with the patient in 
-the left lateral position. Left ventricular echocardiograms were 
recorded at the level of the free edges of the mitral valve 
_ leaflets. 
-< Computer analysis: Only those recordings were considered 
“adequate for further computer analysis in which septal and 
posterior wall echoes and the time point (D) of mitral leaflet 
separation could clearly be identified for at least three entire 
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FIGURE 1. Dimension-time curve and its first normalized derivative for 
analysis of the different phases of left ventricular filling. ACP = filling 
_*’ © phase-due to atrial contraction; D = dimension; DS = end-systolic di- 
| mension; ERF = end point of the rapid filling phase; ESF = end point 
t7 ofthe slow filling phase; MO = mitral valve opening; RFP = rapid filling 
phase; SFP = slow filling phase; t = time. 





cardiac cycles. The echocardiograms were then digitized with 
a handcontrolled crosswire cursor (Graph-Pen, Science Ac- 

cessories Corporation, Seuthport, Connecticut) according to 

a computerized method. The details of this method are de- 

scribed elsewhere.* 

In brief, the echocardiogram to be studied was calibrated 
with points defining a time interval of 500 ms, 1 cm depth and 
two successive R wave peaks in the electrocardiogram en- 
closing the cardiac cycle to be analyzed. Then the septal and 
posterior wall endocardium and epicardium as well as the time 
point of mitral valve opening were digitized. These data were 
processed by a computer (Mulby 3, Sperry Univac®, Aachen, 
West Germany) and analyzed with the help of a video screen 
and a keyboard. The following time and dimensional mea- 
surements were made (Fig. 1). 

Measurements of time intervals: Time intervals were 
referred to the peak of the R wave of the first QRS complex 
as zero reference point. With respect to this referenee point, 
the occurrence of the time points of the different left ven- 
tricular dimensions within the cardiac cycle could be exactly 
determined. Time intervals of particular interest for this study 
were the time point of mitral valve opening and the left ven- 
tricular filling period (cycle length minus time point of mitral 
valve opening). The time point of end-systole was defined as 
minimal left ventricular dimension (D), where its normalized 
first differential dD/dt X D was zero. 

Measurements of left ventricular dimensions: End- 
systolic and end-diastolic left ventricular dimensions, percent 
shortening of the minor axis of the left ventricle, peak endo- 
cardial circumferential fiber shortening (Vcr max) and 
lengthening velocity, and the wall thickness of the interven- 
tricular septum.and posterior wall at end-diastele were mea- 
sured. The diastolic left ventricular dimension-time curve, 
which is divided into four phases (isovolumic relaxation, rapid 
filling, slow filling and filling due to atrial contraction), was 
analyzed by a method similar to that first described by De- 
coodt et al.5 (Fig. 1). 

An approximative measurement of the isovolumic relax- 
ation period was obtained from the time difference between 
the time points of end-systolic dimension and mitral valve 
opening.*- This interval is referred to as relaxation time 
index. After mitral valve opening, the rapid filling phase be- 
gins. Its end was defined as the point where the normalized 
lengthening rate had decreased to 50 percent of its peak 
value. Similarly, the end of the slow filling period was de- 
termined as the point where the last lengthening peak due to 
atrial contraction reached half of its maximum. The increase 
in dimension due to atrial contraction was terminated with 
the peak of the next R wave. 

In those cases in which a clearly separate peak of the nor- 
malized lengthening rate due to atrial-contraction was seen, 
the slow filling period and filling due to atrial contraction wefe 
separately analyzed. This breakpoint determination enabled 
a calculation of the absclute time periods as well as of di- 
mensional changes during each of these different phases (Fig. 
1). Furthermore, these absolute time and dimensional values 
were related to the total left ventricular filling time (t LVF) 
and the total left ventricular diameter increase during this 
period and expressed in percent according to the following 
formulas: 


ERF — MO 


RF (%) = = XI 
tRF(%) = Ta X 100 
ESF — ERF 
g paa 
t SF(%) = ryp X 100 
EAC — ESF 
p) = HALARE X | 
tAC(%) = ST x 100 
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d AD AD (ERF — MO) 

o 

AD RF(%) = AD (EAC — Mo) * 1 
AD (ESF — ERF) p 

AD SF(%) = AD (EAC — amor oa 
AD (EAC — ESF) 

AD AC(%) = ‘AD (EAC — MO) x 100, 


where t = total, ERF = end point of the rapid filling phase, 
MO = mitral valve opening, LVF = left ventricular filling, 
ESF = end point of the slow filling phase, EAC = end point 
of the filling phase due to atrial contraction, and D = dimen- 
sion. 

The data were analyzed statistically using Student’s t 
test. 


Results 


Normal Subjects 


A representative example of a normal left ventricular 
dimension-time curve in an individual subject is given 
in Figure 2. For the whole group of 28 normal subjects, 
mean left ventricular cavity dimension at end-systole 


and end-diastole was 30.3 + 4.5 (+ 1 standard deviation) 
sand 48.5 + 5.3 mm, respectively, yielding a fractional 


shortening of the cavity dimension of 38 + 5 percent. 


. _End-diastolic septal and posterior wall thickness was 


9.5 + 1.9 and 8.2 + 1.4mm, respectively. The sum of the 


ae ‘end-diastolic wall thickness of the interventricular 


aon crease during atrial contraction in the patient with 


~inFigure 1. 


septum and the left ventricular posterior wall was 17.7 
+ 2.4 mm. Mean heart rate was 72 + 13 min! (Fig. 
3). 

The time interval between end-systolic left ven- 
tricular dimension and mitral valve opening was 13 + 
15 ms (range —29 to +35 ms). During this period a mean 


FIGURE 2. Computer output of the echograms of 
the left ventricular cavity of a normal subject 
(normal), a patient with.hypertrophic obstructive 
cardiomyopathy (HOCM) and a patient with chronic 
left ventricular pressure overload (CPO). The 
normalized rate of left ventricular dimensional 
change is shown in the upper panel. inthe patients 
with cardiomyopathy and pressure overload mitral 
valve opening (MO) with regard to minimal (end- 
systolic) left ventricular dimension (DS) is delayed 
and accompanied by an abnormal. dimensional 
increase during this time interval. Furthermore, the 
time interval and the dimensional increase during 
the rapid filling phase (RFP) are reduced in both 
patients and followed by a large dimensional in- 


pressure overload. Unidentified abbreviations as 


w8Oms 


oS 
MORFP SFP ACP 


—HANRATH ET AL 


rica increase of 0.6 + 0.5 mm was observed { Fig. 
After mitral valve opening, left ventricular dimen- 
sion increased by 10.7 + 2.2 mm during the rapid filling —. 
phase, which had a duration of 111 + 32 ms(Fig.8).In | 
17 of the 28 normal subjects the dimension-time curve _ 
could be further separated into a slow filling phase and 
a filling phase due to atrial contraction. The duration 
of these two phases was 264 + 156 ms and 115+ 44 ms, 
respectively. The absolute dimension increase during 
these periods was 4.1 + 1.9 and 2.8 + 1.8 mm, respe 
tively. Duration and change in dimension expressed as 
percent of the total diastolic filling time and dimen- 
sional increase, respectively, were as follows (Fig. 5 and 
6): rapid filling time, 27 + 13 percent; slow filling time, 
52 + 16 percent; time of filling due to atrial contractio 
28 + 18 percent; dimensional increase during rapid 
filling, 62 + 10 percent; dimensional increase during 
slow filling, 22 + 9 percent, dimensional increase during 
atrial contraction, 16 + 10 percent. ; 

























Hypertrophic Obstructive Cardiomyopathy 


Mean cavity dimensions at end-systole and end- 
diastole were 24.0 + 5.0 and 42.7 + 5.9 mm, respectively. 
Both dimensions were significantly smaller than those 
in normal subjects (p <0.001). Thus, the fractional 
shortening of the left ventricular minor axis was greater 
(44 + 7 percent, p <0.001) than that of normal subjects. 
Heart rate was not different from the normal rate (71 

+ 14 min~'). Septal and posterior wall thickness. at 
a diastole was increased compared with normal va 
ues (21.9 + 4.6 and 11.8 + 2.3 mm, respectively; 
<0.001). The sum of the end- diastolic septal and pos 
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ness : 











= Normal HOCM TPO 

n FIGURE 3. Heart rate, sum of end-diastolic. septal and posterior wal! 

thickness and end-diastolic (DD) and end-systolic (DS) left ventricular 
‘dimension are shown in normal subjects, patients with hypertrophic 

< obstructive cardiomyopathy (HOCM) and chronic pressure overload 
(CPO) (mean walue + 1 standard deviation [SD]). NS = not significant; 
-p = probability. 


__ terior wall thickness was increased to 33.5 + 5.1 mm (p 
- <0.001) (Fig. 3). The time interval from minimal left 
_- ventricular dimension to mitral valve opening (93 + 37 
< ms} was significantly prolonged compared with the 

norm (p <C.001). During this time period, left ventric- 
- ular dimension increased by 4.0 + 2.2 (p <0.001) (Fig. 
A). 
= The rapid filling period was reduced in absolute (78 

+ 45 ms; p <0.005) and relative (19 4 11 percent; p 


Relaxation Tine Idex it DS-MO) 










; : Normal 

FIGURE 4, Relaxation time index {time interval from minimal left ven- 
=: tricular dimension to mitral valve opening) ((DS-MO) and left ventricular 
“ay dimensional increase (AD) during this time Interval in normal 
subjects. patients with hypertrophic obstructive cardiomyopathy (HOCM) 
and those with chronic left ventricular pressure overload (CPO) (mean 
value + 1 standard deviation). Unidentified abbreviations as in Figures 
” Tand 3. 


Rapid Filling Period Hr) bg 








Normal HOM 
FIGURE 5. Time interval of the rapid filling period (RFP) in absolute (t 
RFP [ms]) and relative (t RFP | % ]) terms and teft ventricular dimen- 
sional increase during this time interval in absolute (AD RFP [mm]) and 
relative (A RFP [% ]) terms (mean value + 1 standard deviation). Un- 
identified abbreviations as in Figures 1 and 3. 


Slow Filling Fonon (SFP) 
t SFP% > 





AD ACP 


Normal HOCM CPO 
FIGURE 6. Time interval of the slow filling period (t SFP- % ]) and filling 
due te atrial contraction {t ACP [% j} as well as left ventricular dimen- 
sional increase during these time periods (AD SFP [% ] and AD ACP 
[% ]) (mean value + 1 standard deviation). Unidentified abbreviations ` 
as in Figures 1 and 3. 
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*«<0.02) terms compared with that in normal subjects. 
The absolute dimensional increase during the rapid 
filling period was 7.6 + 2.7 mm (p <0.001); the relative 
dimensional increase with respect to the dimensional 
increase during left ventricular filling was 54 + 15 per- 
cent (p <0.025) (Fig. 5). Concerning the slow filling 
phase and the filling behavior during atrial contraction, 
there was no significant difference in absolute and rel- 
ative terms compared with that in normal subjects (Fig. 
6). A typical dimension-time curve of a patient with 
hypertrophic obstructive cardiomyopathy is shown in 
Figure 2. 


Left Ventricular Chronic Pressure Overload 


Mean end-diastolic and end-systolic left ventricular 
dimension in these patients was 48.5 + 7.9 and 26.9 + 
6.1 mm, respectively. The end-diastolic dimension was 
not different from the norm, but was significantly 
greater than it was in patients with hypertrophic ob- 
structive cardiomyopathy (p <0.01). The end-systolic 
dimension was not different from that in patients with 
hypertrophic cardiomyopathy, but was significantly 
reduced in comparison with the control group (p <0.05). 
Fractional shortening of the left ventricular minor axis 
was 44 + 8 percent and was significantly greater than 
that in normal subjects (p <0.005). Heart rate (66 + 11 
min!) was not different from that of normal subjects 
or patients with hypertrophic obstructive cardiomy- 
opathy. Septal (16.6 + 3.5 mm) and posterior (12.5 + 2.6 
mm) wall thickness was significantly greater compared 
with that of normal subjects (p <0.001). The septal wall 
thickness in patients with chronic pressure overload was 
smaller than that in hypertrophic cardiomyopathy (p 
<0.001). The sum of septal and posterior wall thickness 
(29.1 + 48 mm) was greater than that in normal subjects 
(p <0.001), but smaller than that in hypertrophic ob- 
structive cardiomyopathy. (p <0.005) (Fig. 3). 


The mean interval from minimal left ventricular 
dimension to mitral valve opening in patients with 
chronic left ventricular pressure overload was 66 + 31 
ms and was significantly prolonged compared with that 
in normal subjects (p <0.001), but shorter than that in 
patients with hypertrophic cardiomyopathy (p <0.01). 
During this interval, left ventricular dimension in- 
creased significantly by 3.0 + 1.8 mm (p <0.001 com- 
pared with that of normal subjects) (Fig. 4). 

The rapid filling period in patients with chronic 
pressure overload was decreased in absolute (85 + 42 
ms) and relative (17 + 9 percent) terms compared with 
that in normal subjects (p <0.02 and <0.005, respec- 
tively). The shortened rapid filling phase was accom- 
panied by an absolute (9.2 + 2.9 mm; p <0.05) and rel- 
ative reduction (50.6 + 11.8 percent; p <0.001) in left 
ventricular dimensional increase (Fig. 5). There was no 
difference among the three groups in duration of the 
slow filling period and dimensional change during this 
period (Fig. 6). During atrial contraction, left ventricular 
dimension in absolute (4.0 + 1.5 mm; p <0.05) and in 
relative (23.1 + 9.9 percent; p <0.05) terms was signif- 
icantly greater than normal in chronic pressure over- 
load. The duration of left ventricular filling due to atrial 
contraction was not different among the three groups 
(Fig. 6). A typical left ventricular echocardiogram and 
a dimension-time curve of the left ventricle with its 
normalized rate of change in a patient with chronic left 
ventricular pressure overload are illustrated in Figures 
2 and 7. 


Discussion 


Left Ventricular Relaxation 


Relaxation time index: In this study, as in previous 
studies by others?-*:6-!9 and by us,!! the interval from 
minimal left ventricular dimension to the onset of mitral 





FIGURE 7. Echocardiogram of a patient with left ventricular hypertrophy due to aortic valve stenosis showing the interventricular septum (IVS), 


(DS) is delayed. Unidentified abbreviations as in Figures 1 and 3. 


` left ventricular posterior wall (LVPW) and mitral valve leaflets (MV). Mitral valve opening (MO) with regard to tojni left ventricular dimension 


January 1980 The American Journal of CARDIOLOGY Volume 45 19 


RELAXATION AND FILLING IN’ LEHI VENIKIGULAK HYPEKIKUPHY—NANHKAIM E!l AL. 


valve leaflet separation was considered an index of the 
isovolumic relaxation period. This interval underesti- 
mates the true isovolumic relaxation period because 
closure of the aortic valve usually precedes minimal left 
ventricular dimension. In the presence of a true isovo- 
lumic relaxation period, mitral valve opening may even 
start shortly before the minimal left ventricular di- 
mension is reached, as has also been reported by oth- 
ers.>%7 Although the relaxation time index is not 
identical with true isovolumic relaxation time, we found 
a significant correlation between the relaxation time 
index (Y) and the true isovolumic relaxation time (x), 
measured from A» to mitral valve opening (Y = 1.10x 
— 22; r = 0.8) and, therefore, we believe that the time 
interval between minimal left ventricular dimension 
and mitral valve opening may be considered an index 
of the duration of the left ventricular isovolumic re- 
laxation. Particularly in patients with prolonged re- 
laxation time we often found that the dicrotic notch of 
the aortic pressure curve coincided with minimal left 
ventricular dimension (Fig. 8 and 9). Simultaneous re- 
cordings of the left ventricular echocardiogram and left 
ventricular as well as aortic pressure revealed that pa- 
tients with normal left ventricular function manifest 
only a slight change in dimension during isovolumic 
relaxation (Fig. 8).12-13 

Normal subjects: The relaxation time index (mini- 
mal left ventricular dimension to mitral valve opening) 
was 13 + 15 ms in normal subjects. This value was only 
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slightly different from values obtained by others using 
a computerized technique to evaluate left ventricular 
echograms.®36.7.10 During this time interval, only a 
small increase in left ventricular dimension of 0.6 + 0.5 
mm was noted. For the whole of the isovolumic relaxa- 
tion period, Gibson et al.!? could not demonstrate any 
significant change in diameter in normal subjects using 
pressure-dimension loops. An example of such a loop 
with only a small change in left ventricular dimension 
during isovolumic relaxation in one of our normal 
subjects is shown in Figure 8. 

Left ventricular hypertrophy: In contrast to the 
normal subjects, patients with hypertrophic obstructive 
cardiomyopathy as well as patients with chronic left 
ventricular pressure overload showed a significant 
prolongation of the relaxation time index. This has been 
previously shown in patients with hypertrophic ob- 
structive cardiomyopathy, but not in patients with 
chronic pressure overload.?? The average value in hy- 
pertrophic obstructive cardiomyopathy was 93 + 37 ms, 
which is slightly greater than that found by Sanderson 
et al.2 (76 ms) and Sutton et al.* (71 + 31 ms), who used 
a similar technique for the analysis of the echocardio- 
gram. 

Left ventricular diameter change: A further ab- 
normality of left ventricular relaxation in patients with 
different forms of left ventricular hypertrophy concerns 
left ventricular diameter change during the period de- 
fined by the relaxation time index. This change, in di- 
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FIGURE 8. Left ventricular echocardiogram and simultaneous recording of the left ventricular (LVP) and aortic pressure (AoP) in a normal subject. 
Mitral valve opening (MO) coincides with the closure of the aortic valve (AoC). During isovolumic relaxation no significant dimensional change occurs, ` 
- as can be easily recognized from the pressure-dimension loop and the left ventricular dimension-time curve. AoO = aortic valve opening; D = 
dimension; IVS = interventricular septum; LVPW = left ventricular posterior wall; MC = mitral valve closure; P = pressure. 
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a@meter averaged 0.6 + 0.5 mm in normal subjects, 4.0 
+ 2.2 mm in patients with hypertrophic obstructive 
cardiomyopathy and 3.0 + 1.8 mm in patients with 
chronic pressure overload. Because the mitral valve is 
still closed during this period and no aortic regurgitation 
was present, this increase in dimension by an average 
of 21 and 14 percent, respectively, with respect to the 
total diastolic dimensional change must be caused by 
a change in shape of the left ventricular cavity during 
the isovolumic relaxation phase. This finding was re- 
cently reported by Sanderson et al.! using frame by 
frame angiographic analysis in patients with hyper- 
trophic obstructive cardiomyopathy. 

Mechanism of changes in left ventricular hy- 
pertrophy: The underlying mechanism of the pro- 
longed relaxation time and the associated change in 
shape is unknown. It has been suggested that the spe- 
cific architecture of the myocardial fibers in hypertro- 
phic obstructive cardiomyopathy might be responsible.! 
From our data, however, this seems unlikely because we 
could demonstrate that the same relaxation abnor- 
mality was also present to a somewhat lesser degree in 
patients with chronic left ventricular pressure overload, 
a condition in which no such disarrangement of myo- 
cardial fibers can be found.'4 It might be speculated that 
a significant increase in muscle mass, which is known 
to be associated with diffuse or subendocardial fibrosis, 
may cause abnormal left ventricular relaxation in both 
conditions.'4:!5 Subendocardial ischemia, often present 


a 
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in severe left ventricular hypertrophy, may be an ad- 
ditional factor in the impairment in left ventricular 
relaxation. In animal experiments and under clinical 
conditions it has been shown that ischemia may delay 
left ventricular relaxation.!7-18-19 


Left Ventricular Filling 


Normal subjects versus those with left ventric- 
ular hypertrophy: In our normal group, the percent 
diameter increase during the three phases of diastolic 
filling was in the same range as that previously reported 
by Decoodt et al., (62 + 10 percent during the rapid 
filling phase, 22 + 9 percent during the slow filling phase 
and 16 + 10 percent due to atrial contraction. In hy- 
pertrophic obstructive cardiomyopathy and chronic 
pressure overload, we found the percent diameter 
change during the rapid filling phase equally reduced 
(to 54 + 15 and 51 + 12 percent, respectively). In ac- 
cordance with the finding of Sanderson et al.,? the du- 
ration of the rapid filling phase was significantly 
shortened by about 30 percent in hypertrophic cardio- 
myopathy and by 23 percent in chronic pressure over- 
load. 

Hypertrophic cardiomyopathy versus left ven- 
tricular pressure load: In contrast to these data, 
Sutton et al.* found a prolongation of the rapid filling 
phase in the majority of patients with hypertrophic 
obstructive cardiomyopathy. In our opinion, this dis- 
crepancy may be partly due to the inclusion by these 
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FIGURE 9. Left ventricular echocardiogram and simultaneous recording of left ventricular (LVP) and aortic (AoP) pressure in a patient with hypertrophic 
cardiomyopathy with no pressure gradient at rest. Mitral valve opening (short oblique arrow) is markedly delayed with regard to minimal left ventricular 
dimension (long vertical arrow), which in this case coincides with aortic valve closure. IVS = interventricular septum; LVPW = left ventricular 


posterior wall. 
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(left) and 5 minutes after an intravenous bolus injection of 10 mg verapamil (right). The initially prolonged isovolumic relaxation phase (from the 
aortic component of the second heart sound [A2] to mitral valve opening [MO]) shortens markedly. Systolic blood pressure did not change. ECG 
= electrocardiogram; IVS = interventricular septum; LVPW = left ventricular posterior wall; MV = mitral valve; PCG = phonocardiogram. 


authors of the time interval from minimal left ventric- 
ular dimension to mitral valve opening in their mea- 
surement of the rapid filling phase. In the absence of any 
significant difference among the three groups regarding 
the slow filling phase, the reduced dimensional increase 
during the rapid filling phase was compensated by a 
more vigorous atrial “kick” (23 + 9.9 percent) in pa- 
tients with chronic left ventricular pressure overload, 
resulting in a normal end-diastolic left ventricular di- 
mension. In hypertrophic obstructive cardiomyopathy, 
however, the end-diastolic dimension remained below 
“normal,” which suggests that the compensatory 
mechanism during the slow filling phase and during 
atrial contraction could not fully make up for the lack 
in early diastolic increase in dimension. This might be 
due to the absence of thinning of the intraventricular 
septum during atrial contraction that is frequently 
observed in patients with hypertrophic obstructive 
cardiomyopathy. 


Clinical Implications 


In patients with hypertrophic obstructive cardio- 
myopathy and chronic left ventricular pressure over- 
load, the relaxation period is abnormally prolonged. 
This prolongation is often associated with a reduced 
increase in diameter during a shortened rapid filling 
phase in both conditions. Nonetheless, in chronic 
pressure overload the end-diastolic dimensions were 


normal, because atrial contraction compensates for the 
reduction in early diastolic filling. However, in hyper- 
trophic obstructive cardiomyopathy, the compensatory 
mechanism fails to achieve a normal left ventricular 
end-diastolic dimension. 

Calcium flux antagonists: Some investigators 
suggest that prolonged relaxation caused by ischemia 
is responsible for a diminished early diastolic filling of 
the left ventricle.!%-?? If we accept this hypothesis, 
therapeutic considerations should be directed toward 
an improvement of left ventricular relaxation. Recent 
experimental work?" on the effects of calcium flux an- 
tagonists as modifiers of ischemia induced prolongation 
of myocardial relaxation rate encouraged us to study the 
acute effect of intravenous (0.15 mg/kg) verapamil 
(Knoll A. G., Liidwigshafen, West Germany) on left 
ventricular relaxation time. Preliminary results in 10 
patients with hypertrophic cardiomyopathy revealed 
a 28 percent decrease in left ventricular isovolumic re- 
laxation time from 94 + 10 to 68 + 15 ms (p <0.001) in 
the absence of any significant difference in heart rate, 
blood pressure, end-systolic left ventricular dimension 
or the time interval beginning from the R wave peak to 
aortic valve closure. An individual example of improved 
left ventricular relaxation time is shown in Figure 10. 
However, further studies are needed to evaluate the 
clinical significance of this new therapeutic approach 
in patients with hypertrophic cardiomyopathy. 
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Atthough echocardiography is sensitive in detecting genetically deter- 
mined idiopathic hypertrophic subaortic stenosis with the two major cri- 
teria of systolic anterior motion of the mitral valve and asymmetric septal 
hypertrophy, the predictive value of these findings in a nonselected 
population remains uncertain. A study was made of nine consecutive 
patients with an echocardiographic diagnosis of idiopathic hypertrophic 
subaortic stenosis who underwent autopsy between 1975 and 1979. The 
patients ranged in age from 1 month to 74 years (average 53), and six 
were women. Seven had systolic anterior motion of the mitral valve, and 
one pseudo systolic anterior motion, eight had asymmetric septal hy- 
pertrophy, and three had mid systolic aortic valve closure. All nine had 
a systolic murmar at the cardiac apex and an abnormal electrocardiogram. 
At autopsy only two patients had asymmetric septal hypertrophy and 
myocardial fiber disarray; the other seven had no evidence of hypertrophic 
cardiomyopathy on gross examination or light microscopy. Of these seven, 
two had concentric left ventricular hypertrophy, one coronary athero- 
sclerosis, one cardiac amyloidosis, and three no cardiac disease. These 
data suggest that systolic anterior motion of the mitral valve and asym- 
metric septal hypertrophy may be sensitive but are poorly predictive of 
idiopathic hypertrophic subaortic stenosis in the general hospital popu- 
lation. Because these two findings may be observed even in patients with 
a normal heart, an echocardiographic diagnosis of idiopathic hypertrophic 
subaortic stenosis based on these criteria should be made with cau- 
tion. 


With the widespread recognition of idiopathic hypertrophie subaortic 
stenosis as a disease entity, one dimensional echocardiography has 
played a key role in its diagnosis and in evaluation of therapy.'~4 The 
two major echocardiographic features in this syndrome are systolic an- 
terior motion of the anterior mitral leaflet and asymmetric septal hy- 
pertrophy.2-7 Other characteristic findings include septal hypokinesia,® 
anterior displacement of the mitral valve apparatus® and mid systotic 
closure of the aortic valve.!° Although it has been thought that this 
noninvasive method is sensitive and specific for the detection and 
therapeutic assessment of hypertrophic cardiomyopathy,” 411-14 the 
predictive value of these echocardiographic features in a population not 
selected for hypertrophic disease has not been determined. To assess 
the predictive value of these findings, we studied the nine consecutive 
patients with an echocardiographic diagnosis of hypertrophic cardio- 
myopathy who eame to autopsy at this institution between 1975 and 7 
1979. 


Methods. 


Patients: All patients with an echocardiographic diagnosis of idiopathic hy- - 
pertrophic subaortic stenosis who were listed in the autopsy files of The Johns 


death. 





TABLE | 


Flopkins Hospital and had undergone pathologic study be- 
‘tween 1975 and 1979 were included in this study. The clinical, 
echocardiographic and morphologic data in these nine pa- 
tients were analyzed. Clinical features including symptoms, 
pertinent physical findings and electrocardiographic changes 
were reviewed. Echocardiographic studies had been obtained 
>} day to 18 months (median 14 days) before the patient’s 


Echocardiography: The echocardiographic examination 
was performed with the patient in a supine or left semilateral 
position, using a Smith-Kline Ekoline 20 A ultrasonoscope 
with a diameter of 1.25 cm and a 2.25 megahertz Aerotech 
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transducer, The echocardiograms were recorded on a Cam. 
bridge strip chart recorder or Honeywell direct writing re-_ 

corder. The thickness of the interventricular septum was 
measured in diastole using the leading edge method for. 
thickness (at the first deflection of the QRS complex) and in. 
systole (minimal left ventricular diameter), below the tips of- 

the mitral. valve leaflets; left ventricular. posterior walls: 


thickness was measured at the level of the chordae tendi. 
neae.'? End-diastolic (at the peak of onset of the R wave in th: 









QRS complex) and end-systolic (at the smallest septal-pos- 
terior wall distance) left ventricular internal dimensions were 
measured below the tips of the mitral valve leaflets. Systolic . 














Age Family History 
Case (yr) of. Presenting Physical Chest 
no. & Sex Past History Heart Disease Complaint Findings ECG Changes Radiograph 
a 1 74F Recurrent GI Negative Weight loss, Fever, S-T and T Focal fibrosis 
bleeding, fever, night tachypnea, wave 
anemia, sweats, edema, SM at changes 
thrombocytopenia, dysphagia LLSB and 
dysphagia = apex 
_--50F Hypertension, Negative None SM atLLSB and Transient Qin WNL 
chest pain, prior apex, S4 V,-V3, poor 
MI, palpitations R wave 
progression 
70M COPD, MI, Coronary Nausea, Tachycardia, ~ LVH,S-Tand WNE 
hypertension, artery vomiting, rales, edema, T wave 
chest pain: disease weight loss, SM at LLSB changes 
dehydration and apex, 
rapid rising 
carotids 
4 66F Hypertension, Negative New murmur Tachycardia, Qin ti, H, aVF WNL 
obesity, unstable SM at LLSB 
angina and apex 
5 71F  Thyroidectomy Negative Loss of vision, Fever, Q in ViVa WNL 
` altered tachycardia, 
A mentai disoriented, 
status, SM at LLSB 
syncope, and apex, S4 
5 fever ; 
ee 6 74F Good health: ‘Negative Dyspnea, Fever, LAD, poor.R Diffuse infiltrate 
dysphagia, tachycardia, wave 
altered tachypnea, progression 
mental disoriented; 
Status, SM at LLSB 
dehydration, and apex, 
chest pain rapid rising 
carotids l 
ad 7 0.1M Congestive heart Multipie Failure to SM atLLSB and ` Poor R wave Pulmonary 
i failure intrauterine thrive apex, S3 progression congestion, 
deaths cardiomegaly 
8 53F Gi bleeding, Coronary Dyspnea, Tachycardia, 1° HB, poorR Pulmonary 
congestive heart artery edema tachypnea, SM. wave congestion, 
failure disease at LLSB and progression, cardiomegaly 
apex, S4, S-T and T 
rales, edema wave 
changes 
9 15F Good health IHSS, sudden None SMatLLSBand 1°HB, Qin fi, Cardiomegaly 
death apex H, aVF, Vs, 
. Ve, S-T and 
T wave 
changes 










es 


-Patients 2 and 9, respectively. 





The physical findings, electrocardio 
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COPD = chronic obstructive pulmonary disease; 1° HB = first degree heart block; Gil = 
"Stenosis: LAD = left axis deviation; LLSB = 
“murmur; WNL = within normal limits. 


gastrointestinal; HSS = 
left lower sternal border; LVH = left ventricular hypertrophy; MI = 


graphic and chest X-ray changes are from the most recent hospital visit before death, 2 weeks and 6 months : 


s 





idiopathic subaortic hypertrophic 
myocardial infarction; SM = systolic 





Course 





Intraabdorminal 
hemorrhage, 
sepsis, 
respiratory. 
failure, Gl 
bleeding 


Sudden death at 
home 


Pulmonary 
emboli 


Post coronary — 
surgery, 
hypotension, 
cardiac arrest 


Fever, 
deteriorating 
mental status, 
hypotension, 
cardiac arrest 


Sepsis, 
hypotension, 
respiratory 
arrest 


intraoperative 
death 


GI operation, - 
congestive 
heart failure, 
cardiac arrest 


Sudden death at 
hore 
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septal excursion was measured as the distance of posterior 
movement of the left septal echo in systole. Ejection fraction 
was calculated using the left ventricular end-diastolic and 
end-systolic dimensions.!® 

Echocardiographic criteria for diagnosis of idiopathic hy- 
pertrophic subaortic stenosis included (1) systolic anterior 
motion of the anterior mitral leaflet, (2) asymmetric septal 
thickness with a septal to posterior wall thickness ratio greater 
than 1.3,(3) decreased systolic septal thickening (less than 30 
percent), (4) decreased systolic septal excursion (less than 6 
mm), and (5) mid systolic aortic valve closure. Other echo- 
cardiographic features were a small left ventricular cavity and 
left atrial enlargement. 

Pathology: In eight patients, the heart, gross photographs, 
and at least five histologic sections of myocardium stained 
with hematoxylin-eosin, were examined. The interventricular 
septal thickness at one-third the distance between the aortic 
valve and left ventricular apex, the left ventricular posterior 
wall thickness directly behind the posterior mitral valve 
leaflet, and right ventricular maximal wall thickness were 
measured.!® Blocks of myocardium were taken from the sites 
of measurement of the free wall and septal thickness as well 
as from the anterior and posterior left ventricular free walls 
and the septum in the left ventricular outflow tract. The his- 
tologic sections were graded with respect to extent of muscle 
fiber disarray. Stereoscopic radiographs of postmortem cor- 
onary arteriography were also reviewed. In one patient the 





FIGURE 1. Case 2. Echocardiogram of a 50 year old woman who had 
a Clinical diagnosis of hypertrophic cardiomyopathy. She had dyspnea, 
chest pain and, on examination, a grade 3/6 systolic murmur along the 
left lower sternal border that increased dramatically in intensity with 
the Valsalva maneuver. She had an active precordium and full early 
rapidly rising and falling carotid pulses. The echocardiogram shows a 
small left ventricular cavity and prominant systolic anterior motion of 
the mitral leaflet (SAM) which makes contact with the septum in systole. 
Although there is the suggestion of a thickened septum, an echocar- 
diogram of adequate technical quality to measure accurately inter- 
ventricular septal thickness could never be obtained. She had symp- 
tomatic improvement with propranolol therapy but died suddenly several 
months later. Findings in her heart at autopsy are shown in Figure 2. 


e 
autopsy examination was limited to needle biopsy specimens 
that provided the unsuspected diagnosis of cardiac amyloid 
and systemic amyloidosis. 


Results 


Clinical features (Table I): The patients ranged in 
age from 1 month to 74 years (average 53 years); seven 
were female, and two were male (one a male infant). 
Two patients had enjoyed good health previously. Four 
had had long-standing hypertension, three were diag- 
nosed to have had one or more myocardial infarctions 
and three had experienced episodic chest pain. Nausea 
had been present in three, and recurrent upper gas- 
trointestinal bleeding of unknown origin in two. One 
patient (Case 9) had a family history of hypertrophic 
cardiomyopathy and sudden death, and another (Case 
7) had a maternal history of multiple intrauterine 
deaths. Three patients had presented with hallucina- 
tions, altered mental status and dehydration, two with 
increasing congestive heart failure, one with weight loss, 
fever, night sweats and dysphagia, two with sudden 
unresponsiveness at home and one with hypotension 
after coronary arterial bypass surgery. 

On physical examination, abnormal vital signs in- 
cluded fever (three patients), tachycardia (five patients) 
and tachypnea (three patients). Basilar rates were noted 
in two patients, and three had peripheral edema. All 
nine patients had a loud systolic murmur at the left 
lower sternal border and apex that radiated widely to 
the carotid arteries and axilla in two. In at least five 
patients the murmur was holosystolic and increased 
with the Valsalva maneuver. The electrocardiogram was 
abnormal in all nine, with changes suggestive of anterior 
wall disease or old anterior infarction in six, and non- 
specific diffuse changes in three. The chest radiograph 
was normal in four, showed cardiomegaly in three and 
focal and diffuse interstitial infiltrates in one. Leuko- 
cytosis and sepsis were present in two, recurrent gas- 
trointestinal hemorrhage in two and episodes of hypo- 
tension in four. Three patients had a hematocrit of less 
than 35. 

Echocardiograms (Table II): These demonstrated 
systolic anterior motion of the anterior mitral valve 
leaflet in seven (Fig. 1 and 2) and pseudo systolic ante- 
rior motion (anterior motion of the mitral anulus) in 
one. Eight patients had an asymmetrically thickened 
septum, with a ratio of septal to posterior wall thickngss 
of 1.3 or more (Fig. 3 and 4). In one of these eight, an 
infant, the measurement was less clear but asymmetric 
septal hypertrophy was nevertheless diagnosed (Fig. 5). 
Decreased septal thickening (less than 30 percent) was 
present in six, and decreased systolic septal excursion 
occurred in five. Mid systolic aortic valve closure was 
noted in three patients (Fig. 3). Seven had a small hy- 
percontractile left ventricle and three had an enlarged 
left atrium. 

Morphologic findings (Table IIT): Left ventricular 
posterior free wall thickness measurements ranged 
between 0.6 and 1.8 cm and revealed considerably 


greater thickness than the measurement obtained with 


echocardiography. Ventricular septal thickness (1.0 to 
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e ‘TABLE II , : 
*  Echocardiographic Features in Nine Patients Diagnosed as Having Idiopathic Hypertrophic Subaortic Stenosis 
Mid % VS IVS 
IVS/ Systolic Systolic Left Systolic 
i Case IVS PW PW AV EDD ESD Thickening Atrial Excursion 
S no (cm) (cm) Ratio SAM Closure (cm) (cm) (%) Enlargement (mm) 
1 m T3 F a = 3.9 1.9 z = 11 
2 1.1 0.8 3 T = 4.3 2.4 d = 6 
3 1.8 0.8 2.2 + + me 2.6 11 = 7 
4t 1.5 1.0 1.5 —pseudo - 3.8 2.3 20 = 6 
Ayd A 4.5 = 3.8 2.4 6 + 5 
5 1.8 0.9 2.0 P $ 3.4 2.2 11 = 3 
6 12 0.9 1.3 Mig = 3.7 2.3 25 5 
7t 0.6 0.3 2.0 = = 1.5 0.8 25 = 3 
0.8 0.4 2.0 = = 1.9 42 25 4 6 
8t 1.9 1.3 1.5 E = 2.8 1.9 5 = 5 
1.9 1.5 1.3 = > 3.4 2.6 5 F 2 
2.0 1.9 1.0 = = 3.7 3.2 5 E 2 
9 3.1 1.2 2.6 E gr 3.8 1.9 = = = 


* Septal thickness could not be precisely measured. 

T Serial echocardiographic studies are in chronologic order, with the most recent study last. 

AV = aortic valve, EDD = end-diastolic dimension; ESD = end-systolic dimension; IVS = interventricular septum; PW = left ventricular posterior 
wall; SAM = systolic anterior motion of anterior mitral leaflet; VS = interventricular septum; — = absent; + = present. 


FIGURE 2. Case 2. Same patient as in 
Figure 1. A, postmortem angiogram 
showing normal coronary arteries, a 
small left ventricular (LV) cavity and a 
symmetric mildly hypertrophied left 
ventricular wall. The thickness of the 
interventricular septum (IVS) is equal 
to that of the posterior wall (PW) (B and 
D). Histologic examination of the 
myocardium (C) of both the septum and 
left ventricular free wall revealed nor- 
- mal findings. RV = right ventricle. 
. (Hematoxylin-eosin X65, reduced by 17 
' e percent [C].) ; 
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FIGURE 3. Case 3. Echocardiogram of a 70 year old man who had a history of systemic hypertension, chest pain, dyspnea, dizziness and syncope, 
and possible myocardial infarction. He also had long-standing chronic obstructive pulmonary disease, bibasilar rales and a grade 4/6 holosystolic 
murmur in the echocardiogram. A, the left ventricular cavity is small, the interventricular septum (IVS) measures 1.8 cm and the posterior wall 
(PW) 0.8 cm, and the former shows decreased systolic thickening. Systolic anterior motion of the mitral valves (SAM) is present. B, early aortic 
valve (AV) closure is present. It was concluded that his symptoms of dyspnea, chest pain, and syncope were caused by idiopathic hypertrophic 
subaortic stenosis, manifesting itself for the first time in old age. He died suddenly of what at autopsy proved to be pulmonary thromboembolism. 
Ao = aorta. 


FIGURE 4. Case 3. Same patient as in 
Figure 3. A, postmortem cardiac angio- 
gram and in B, a transverse slice of heart 
through the left (LV) and right (RV) ventri- 
cle. This heart is symmetrically hypertro- 
phied, weighing 560 g with a wall thickness 
of 1.8 to 1.9 cm. The myocardial histologic 
features were normal. No critical narrow- 
ings are present in the coronary arterial 
tree. IVS = interventricular septum. 











TABLE lll 
Morphologic Findings in Nine Patients Diagnosed as Having Idiopathic Hypertrophic Subaortic Stenosis s 
Thickened 
Heart IVS/ Septal Anterior 
Case Weight IVS PW PW Endocardial Mitral Fiber Old Coronary Other 
no. (g) (cm) (cm) Ratio Plaque Leaflet Disarray Infarct Arteries Findings 
1 320 12 1:2 1.0 = = E = WP Myelofibrosis, intraabdominal hemorrhage 
2 380 1.6 1.5 1.1 “+ 5 i T F WP Pulmonary congestion, cirrhosis 
3 560 1.9 1.8 1.0 + F = = WP Multiple pulmonary emboli 
4 420 1.5 1.6 0.9 as + = — 3VD AMI, patent coronary bypass grafts 
5 400 1.3 1.2 1.1 = = — at WP Hematologic malignancy 
6 310 1.2 1.4 0.9 = = 55 = WP Pneumoperitoneum, metastatic carcinoma, 
i infarcted bowel, pneumonia 
T NA 1.0 0.6 1.6 = + = WP 
8 4 Amyloid 
9 500 3.5 1.8 1.9 F $ + F WP = 





* Biopsy-limited autopsy. ; 
AMI = Acute myocardial infarct; IVS = interventricular septum; NA = not available; PW = left ventricular posterior wall; 3VD = severe triple 
vessel atherosclerosis; WP = widely patent; — = absent; + = present. 
é ; 
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3.5 cm) appeared to correlate more closely with the re- 
spective echocardiographic measurements. Heart 
weight, available in seven cases, ranged from 310 to 560 
g (mean 413). A septal endocardial plaque in the left 
ventricular outflow tract was present in three patients. 
The configuration of the ventricular septum, as deter- 
mined from the radiographs and heart specimens, was 
normal (concave toward the left ventricle) in the 
transverse plane in eight patients. But in seven patients, 
the curvature was convex to the left ventricle in the apex 
to base plane. 

The ratio of ventricular septal to posterior wall 
thickness was greater than 1.3 (1.6 and 1.9, respec- 
tively) in two patients, and in both multiple foci of 
markedly disordered and hypertrophied myocardial 
cells were noted (Fig. 5). One of these two patients (Case 
9) had a positive family history of hypertrophic ob- 
structive cardiomyopathy and sudden death and the 
other (Case 7) a maternal history of multiple intra- 
uterine deaths. An area of marked myocardial thinning 
was noted at the cardiac apex in one patient (Case 9), 
and histologic study of this area demonstrated extensive 
fibrosis of the myocardium and a prominent overlying 
endocardial fibroelastosis. In both patients histologic 
examination of the interventricular septum revealed 
areas of marked fiber disarray including a whirling or 
circular arrangement of the hypertrophied fibers and 
focally enlarged and thickened intramural coronary 
arteries. These two patients with anatomic evidence of 
familial idiopathic hypertrophic subaortic stenosis were 
the only two to have come to autopsy at this institution 
with antemortem echocardiographic findings consistent 
with that diagnosis. 

In contrast, the other seven patients who did not have 
asymmetric septal hypertrophy manifested only a 
minimal degree of muscle fiber disarray characteristic 
of normal hearts and had normal intramural coronary 
arteries. Of these seven patients without asymmetric 
septal hypertrophy or myocardial fiber disarray, two 
had concentric left ventricular hypertrophy only (Fig. 
2), one had severe coronary atherosclerosis with cardiac 
hypertrophy and one had cardiac amyloidosis. In this 
latter patient in whom only biopsy needle tissue samples 
were authorized, there was hypertrophy of myocardial 
fibers with large amounts of interstitial and vessel wall 
amyloid. The other three patients had no evidence of 
cardiac disease. Two of these three patients had my- 
eloproliferative disorders, myelofibrosis with myeloid 
metaplasia in one and an unusual intravascular hema- 
tologic malignancy of myeloid origin in the other. The 
third patient had widely metastatic carcinoma with 
pneumoperitoneum and dead bowel. Sepsis was present 
in two and pneumonia with adrenal insufficiency due 
to intraadrenal hemorrhage in one. 


Discussion 


The form of hypertrophic cardiomyopathy also 
known as asymmetric septal hypertrophy (ASH) or 


_idiopathic hypertrophic subaortic stenosis (IHSS) has 


characteristic morphologic features first described by 
Teare,'” in which the septum is asymmetrically hyper- 
trophied and the myocardium, especially of the septum, 
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FIGURE 5. Case 7. A, an echocardiogram from a newborn infant who 
presented with congestive heart failure and a murmur suggesting mitral 
insufficiency. The left ventricular cavity is small and the interventricular 
septum (IVS) measures twice the thickness of the free wall. Systolic 
anterior motion of the mitral valve (MV) is not present. Because normal 
infants may have asymmetric septal hypertrophy, the diagnosis of id- 
iopathic hypertrophic subaortic stenosis was not made until autopsy. 
At autopsy, marked asymmetric septal hypertrophy (B) and myocardial 
fiber disarray (C), most prominent in the septum, are observed; there 
were no other cardiac malformations or abnormalities. This was the 
only case in the study in which the clinical and echocardiographic di- 
agnosis of idiopathic hypertrophic subaortic stenosis was not seriously 
suspected during life, and the one in which the echocardiographic 
finding during life and in retrospect were the most uncertain. (Hema- 
toxylin-eosin X65, [C], reduced by 28 percent.) 
d . 
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- has marked fiber disarray. This form of hypertrophic 
cardiomyopathy, characterized and identified echo- 
eardiographically by its striking asymmetric hyper- 
trophy, appears to be almost always genetic according 
to family studies performed using asymmetric septal 
` hypertrophy as the criteria.!8 Another common echo- 
. eardiographic feature of genetic hypertrophic cardio- 
myopathy is systolic anterior motion of the mitral 
valve.2-59-1L18 In recent years several investigators®!© 
have suggested that an echocardiogram showing 
asymmetric septal hypertrophy and systolic anterior 
motion of the mitral valve virtually always means ge- 
netic asymmetric cardiac hypertrophy with anatomic 
asymmetric septal thickening and myocardial fiber 
disarray. After their observations were made, hyper- 
trophic cardiomyopathy became a considerably more 
common clinical diagnosis. Largely on the basis of 
‘echocardiographic findings, this disease is being de- 
. seribed in a host of asymptomatic patients with mur- 
murs, as well as those with other cardiac disease such 
as aortic valve stenosis, acromegaly and systemic hy- 
~-pertension.!? 
= Despite widespread reliance on echocardiography for 
the diagnosis of hypertrophic cardiomyopathy, mor- 
_phologic validation of these echocardiographic findings 
- is scarce. In this study, we examined at autopsy the 
-hearts of nine patients who had the echocardiographic 
_ diagnosis of hypertrophic cardiomyopathy. Our findings 
indicate that the echocardiographic features of systolic 
anterior motion of mitral valve and asymmetric septal 
“hypertrophy as well as mid systolic aortic valve closure 
and septal hypokinesia may occur in patients without 
familial hypertrophic cardiomyopathy or left ventric- 
ular hypertrophy and may even occur in patients with 
anormal heart. These findings require a reexamination 
of the meaning of the echocardiographic and morpho- 
logic markers thought to be highly specific if not 
pathognomonic for this heritable disorder of the 
heart. 

Systolic anterior motion of the mitral valve: It has 
been thought that the echocardiographic finding of 
systolic anterior motion of the mitral valve reflects left 
ventricular outflow obstruction due to contact of the 

“anterior mitral leaflet with an asymmetrically hyper- 
 trophied septum in a narrowed outflow tract. But this 


= echocardiographic finding may occur in the absence of 


asymmetric septal hypertrophy*°?! and without an 
outflow tract gradient.® Alternatively, it may reflect 
-either systolic contact of the anterior mitral leaflet with 
the posterior papillary muscle that has been displaced 
above and in front of the mitral leaflets,™?? or contact 
of the anterior leaflet with the septum as a result of a 
cavity obliteration. Thus, it is possible that anterior 
motion of the mitral valve in systole at times may be due 
to hemodynamic forces generated in the left ventricle 
and on other occasions may indicate altered left ven- 
tricular geometry caused by an unusually small left 
ventricular cavity that may be either a functional or a 
fixed structural phenomenon. Therefore, in the setting 
of good ventricular function and a decreased left ven- 
tricular transverse dimension, whether due to asym- 
metric or concentric hypertrophy, decreased left ven- 
Š A 


tricular volume as a result of reduced venous return dr 
alteration in ventricular shape caused by other factors, 
systolic anterior motion of the mitral valve, even with 
septal contact, may occur with or without outflow ob- 
struction. 

Asymmetrie septal hypertrophy: The echocar- 
diographic finding of asymmetric septal thickening has 
also been noted in patients with congenital heart dis- 
ease, ischemic heart disease, valvular heart disease and 
right ventricular hypertrophy, as well as in the normal 
human fetus, some newborns and normal weight lift- 
ers.16-19,23-27 However, it appears that echocardiographic 
asymmetric septal thickening does not always reflect 

rue anatomic asymmetry. It is not surprising that 
echocardiographic septal to free wall thickness ratios 
and actual measurements of the heart do not always 
coincide. The echocardiographic measurements are 
made in diastole whereas many hearts are fixed in sys- 
tele. Because systolic posterior wall thickening may be 
much greater than systolic thickening, the echocar- 
diographic diastolic thickness ratios would be expected 
to differ from systclic thickness ratios and, therefore, 
also from measurements in heart specimens that are 
fixed in systole.2? Abnormalities of septal depolarization 
and contractility may also play a role. Furthermore, 
accuracy of echocardiographic measurements of septal 
thickness may be affected by multiple problems related 
to the cardiac anatomy and ultrasonic instrumenta- 
tien.29 An oblique projection of the transducer through 
the septum might create echocardiographic findings of 
asymmetry, and a small left ventricular cavity might 
make measurements difficult. Therefore, a discrepancy 
between the echocardiographic and morphologic septal 
measurements may be due to multiple factors. 

Myocardial fiber disarray: The findings that in- 
creased myocardial fiber disarray was not present at 
autopsy in the interventricular septum in seven of nine 
patients is also evidence that these patients did not have 
genetic asymmetric hypertrophy of the heart. Although 
the finding of myocardial fiber disarray in the septum 
is also not a pathognomonic finding for genetic hyper- 
trophic cardiomyopathy, extensive myocardial fiber 
disarray is found in only a few other disorders, including 
certain congenital abnormalities such as pulmonary and 
aortic atresia.“ Since these congenital abnormalities 
can be readily excluded, the absence of myocardial fiber 
disarray of the septum in seven patients adds even 
further support to the spuriousness of the clinical ‘di- 
agnosis of genetic hypertrophic cardiomyopathy in the 
latter group. 

Mid systolic aortic closure: This is another echo- 
cardiographic finding commonly associated with hy- 


pertrophic cardiomyopathy. Mid systolic aortic valve © 


closure was observed in three patients in our study, two 
whe had no evidence of genetic hypertrophic disease on, 
gross examination or histologic study and one who kad 
a nermal heart morphologically. It has also been əb- 
served in patients with discrete subaortic stenosis.*° 
Therefore, mid systolic closure of the aortic valve alone 
or in combination with systolic anterior mitral motion 
or asymmetric hypertrophy is also not specific for fa- 
milial hypertrophic cardiomyopathy but likely reflects 
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TABLE IV 
Categories of Hypertrophic Cardiomyopathy 
Marked Hypercon- 
Concentric Fiber Secondary tractile 
Group Type Inherited ASH Hypertrophy Disarray Hypertrophy State 
| idiopathic—asymmetric + + con + = + 
4 idiopathic—symmetric ? = + = = + 
H Secondary a = + E + + 
iV Physiologic = = = = oa F 





ASH = asymmetric septal hypertrophy. 


any state in which almost all ejection of blood occurs 
early in systole. These observations do not negate the 
value of asymmetric septal hypertrophy and abnormal 
systolic anterior mitral movement and other commonly 
observed echocardiographic findings as useful clinical 
markers of hypertrophic disease. But, like most clinical 


- tools, including the electrocardiogram or chest radio- 


graph, the echocardiogram must be viewed in full clin- 
-ical context, and a diagnosis of a cardiomyopathy and 


_. especially a genetic one should not be made on the basis 
of one laboratory test. 


The spectrum of hypertrophic cardiomyopathy: 


> : ‘Ou data also suggest that the spectrum of hypertrophic 


cardiomyopathy may indeed be broader and more 


— heterogeneous than suspected by some.!9 All patients 
~ with clinical findings of hypertrophic disease do not 


necessarily have an autosomal dominant disease and a 
heart with asymmetric hypertrophy or disorganized 
myocardial fibers. Our Patient 3 had a history, physical 
examination and echocardiographic findings suggestive 
of idiopathic hypertrophic subaortic stenosis and died 
suddenly from no other apparent cause. Although at 
autopsy her heart had features of hypertrophic disease, 
with a small left ventricular cavity, an outflow tract 
plaque and mild hypertrophy, she clearly did not have 
asymmetric septal hypertrophy or myocardial fiber 
disarray. Family members were not available for study, 
put her family history did not suggest cardiac disease. 

Thus, this case represents some form of hypertrophic 
disorder. ‘Whether it was primary, secondary or familial 
is not clear, but it was surely not the same disease de- 
scribed by Teare. Further evidence for the heterogeneity 
of this disorder has recently appeared. HLA typing of 
patients with clinical hypertrophic cardiomyopathy?! 
demonstrated that 60 percent were classified into one 
of two HLA groups (Bd or B12) and 50 percent of the 
first degree relatives of these patients had asymmetric 
septal hypertrophy. Patients without these HLA anti- 
gens had a small familial incidence of asymmetric septal 
hypertrophy and a striking incidence of systemic hy- 
pertension. Thus, these findings suggest the existence 
of at least two diseases within the disease category of 
hypertrophic cardiomyopathy: one associated with a 
specific HLA phenotype that is genetically transmitted, 


Å 


__ the other a sporadic nonheritable form that tends to be 
__associated with systemic hypertension. 


Our findings suggest that hypertrophic myocardial 
-disease might well include four disease categories 
(Table IV). (1) The first is the commonly described 
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Teare’s disease, which appears to be inherited and 
might be referred to as idiopathic hypertrophic car- 
diomyopathy with asymmetric hypertrophy. Because 
asymmetry of the septum is a marker for this disease it 
is understandable that it has been possible to study it 
in depth even in mildly symptomatic or asymptomatic - 
patients. (2) The second is idiopathic hypertrophic 
cardiomyopathy without asymmetric hypertrophy: This 
disease as yet does not have.a good marker that would 
allow for noninvasive screening of large populations, 
although some patients with this disorder are probably = 
being diagnosed as having familial hypertrophic disease «| 
with asymmetric hypertrophy. We have much to learn 
about this latter group. (3) A third category is secondary 
left ventricular hypertrophy in which a disease such as. 
severe aortic stenosis or severe long-standing hyper- | 
tension has led to a permanent restructuring of the 
heart and a functional state similar to hypertrophic 
cardiomyopathy that may persist despite relief of the 
underlying causative lesion. Lord Brock,*? in his original _ 
report on hypertrophic disease, suggested that the 
disorder in many cases appeared to be secondary to ei- 
ther hypertension or aortic stenosis. The angiographic 
studies of Raizner et al.” showed that at least half of 
patients with the hemodynamic findings of hypertro- 
phic disease have symmetric hypertrophy in the setting 
of systemic hypertension, suggesting an acquired he- 
modynamic derangement. (4) A fourth category of hy- 
pertrophic disease is the hypercontractile state in which 
hemodynamic features of hypertrophic cardiomyopathy 
may develop even in a normal heart under severe 
enough conditions of volume depletion or adrenergic 
stimulation.° Criley et al.*4 clearly demonstrated in 
their experimental animal work that intravenous iso+ < 
proterenol could induce cavity obliteration and a sub- 
valve outflow tract gradient in otherwise normal dog 
hearts. Others**°6 have shown a similar phenomenon. __ 
Thus, it is with caution that one should make the diago 
nosis of a chronic cardiomyepathy based on clinical and 
even echocardiographic findings similar to those ob- 
served in genetic hypertrophic cardiomyopathy, espe- | 
cially in a patient in acute hemodynamic compromise | 
due to sepsis, renal hemodialysis, volume depletion or- 
intravenous pressor drug administration. o 
Implications: Echocardiographic asymmetrie septal | 
hypertrophy is poorly predictive for the form of hy- 
pertrophic cardiomyopathy initially described by Teare. 
Systolic anterior motion of the anterior mitral leaflet 


is not pathognomonic for this disorder, or even for a 
+ 
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cardiomyopathy, and may occur as a temporary state. 
Mid systolic aortic valve closure and decreased systolic 
septal thickening are also not specific for hypertrophic 
cardiomyopathy. Because all of these echocardiographic 
features, singly or in combination, may occur in patients 
with a normal heart, they may represent a physiologic 
response to certain hemodynamic or geometric alter- 
ations, or both, in some patients. They may also reflect 








18. 


AD. 





. Come PC, 


. 


a common intermediate state in the natural course of 
various diseases, such as amyloidosis or hypertension. 

Thus, a diagnosis of genetic hypertrophic cardiomy- 
opathy or idiopathic hypertrophic subaortic stenosis of 
the morphologic type described by Teare!” based on 
these echocardiographic features, even in the presence 
of a suggestive clinical presentation, should be made 
with caution in a general hospital population. 
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‘Hypertrophic Cardiomyopathy After Aortic Valve Replacement 















The association of hypertrophic cardiomyopathy and aortic valve disease 
is well documented. However, the new development of the syndrome late _ 
after valve replacement has not previously been described. We present 
six cases, all occurring in women aged 50 to 71 years who had evidence | 
of hypertrophic cardiomyopathy 3 to 5 years after successful valve re. 
placement. The preoperative hemodynamic lesion was aortic stenosi 
in four and aortic regurgitation in two. Before operation no patient showed : 
evidence of hypertrophic cardiomyopathy as judged by the absence of | ; 
(1) asymmetric septal hypertrophy (the septal/posterior wall ratio was __ 
less than 1.4:1.0 in each case); (2) systolic anterior mitral vaive motion; 
(3) obliteration of the left ventricular cavity on angiography; and (4) an 
intraventricular pressure gradient. After valve replacement no patient h 
significant aortic regurgitation or was hypertensive. Four patients sub- __ 
sequently had recurrence of symptoms including dyspnea in four, angina. 
in three and syncope in two. The electrocardiogram revealed reappear- z 
ance of left ventricular hypertrophy in four patients and left bundle branch 
block in one. The echocardiogram disclosed asymmetric septal hyper- 
trophy in six (septal/posterior wall ratio greater than 1.8:1.0), systolic — 
anterior motion in three and evidence of inflow obstruction in three. At 
cardiac catheterization an intraventricular gradient of 36 to 60 mm Hg 
was demonstrated at rest in three patients, on provocation in one patient; 
two patients showed no gradient. Angiograms showed obliteration of the _ 
left ventricular cavity in all six patients (ejection fraction 0.84 to 0.93). 
Two patients had coronary artery disease. No patient had an aore - 
transvalve gradient at rest or with exercise. 













The association between hypertrophic cardiomyopathy and aortic välve 
stenosis is well documented, ++ and some investigators have suggested 
that these two lesions may coexist in as many as 10 percent of patients 
with aortic stenosis.” However, there have been no previously reported 
cases of hypertrophic cardiomyopathy arising late after aortic valve re- 
placement in patients who had no previous evidence of cardiomyopathy. 
In this study we describe six patients who first manifested hypertrophic 
cardiomyopathy 3 to 5 years after homograft replacement of the aortic _ ; 
valve. a 


Methods 


Patients: Between September 1969 and May 1978, a total of 679 patients | 
underwent homograft replacement of the aortic valve at Harefield Hospital. All __ 
patients were routinely followed-up at this hospital at annual intervals with — 
clinical, radiographic, electrocardiographic and echocardiographic examination _ 
except in 35 instances when follów-up information was obtained from the re- | 
ferring physician. During a follow-up period of 3 to 102 months (meéan.47), six | 
patients (0.9 percent) were found to have both echocardiographic and angio- 
graphic evidence suggesting hypertrophic cardiomyopathy. These six patients 
are the subject of this paper. 5 


* 
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- Allsix patients were women aged 50 to 71 years (mean 63) 
“at the time of valve replacement. All were symptomatic and 
‘four of the six were in functional class IH or IV of the New 

York Heart Association.® Presenting symptoms included 
angina and dyspnea in four patients, dyspnea alone in one 
‘patient and angina alone in one patient. In addition, one pa- 
tient experienced recurrent attacks of effort syncope. The 
< duration of symptoms ranged between 6 and 60 months (mean 
28). 

The electrocardiogram showed evidence of severe left 
“ventricular hypertrophy in all patients, characterized by ST-T 
segment changes in the absence of digitalis together with an 

R-wave voltage in the standard leads exceeding 20 mm or with 
‘the tallest R wave or the deepest S wave in the precordial leads 
_exceeding 25 mm. 

Preoperative cardiac catheterization procedures: 
-Before operation all patients underwent right and left heart 
-catheterization after overnight fasting and premedication with 
atropine, 0.01 mg/kg and diazepam, 0.15 mg/kg. After mea- 
‘surement of intracardiac pressures and, when appropriate, 
peak systolic aortic valve gradient, a single plane left ven- 
: tricular cineangiogram was performed in the right anterior 
_ oblique projection: approximately 45 ml of 70 percent io- 
-thalamate sodium (Conray® 420) was injected at a flow rate 
of 15ml, using a Contrac injector, and films were obtained at 
arate of 50 frames/s using an Arriflex camera. Selective cor- 
. onary angiography was performed using the Sones or Judkins 
_ technique. Cardiac output was determined with the direct 
_Fick method, and body surface area to determine cardiac 
-index was derived from nomograms. The aortic valve area was 
- calculated from the formula of Gorlin and Gorlin.’ 
-The dominant hemodynamic lesion was aortic stenosis in 
four patients and aortic regurgitation in two. The peak systolic 
» aortic valve gradient in the four patients with aortic stenosis 
ranged between 70 and 130 mm Hg (mean 96), and all four had 
severe valve obstruction as judged by a calculated aortic valve 
‘area of less than 0.7 cm? (Table I). Aortic root angiography 
_ showed trivial aortic regurgitation in one of these patients. 
_ Left ventricular end-diastolic pressure was within the normal 
< Tange in five patients and was marginally elevated in one. 
_ Ejection fraction ranged between 0.41 and 0.65 (mean 
S 0.56). 
_ Selective coronary angiography showed normal coronary 
__ arteries in five patients and 70 percent narrowing of luminal 
diameter of the proximal main circumflex artery in the sixth 
| patient. 
- Echecardiography: M mode echocardiograms were per- 
formed preoperatively and then at annual intervals after valve 
_ replacement using a 2.25 megahertz focused transducer and 
_ a Smith Kline Echoline 20A in conjunction with a Cambridge 



















TABLE | 


Preoperative Hemodynamic Characteristics of the Six 
_ Patients 





© Peak systolic aortic valve gradient 
(mm Hg) 

"> Aortic valve area (cm?) 

-Left ventricular end-diastolic 
pressure (mm Hg) 

_- Cardiac. index (liters/min per m?} 
-Ejection fraction 

“Coronary arteriography 


70-130 {mean 96) 


0.42-0.67 (mean 0.46) 
5.0-16.0 {mean 10.0) 


1.2~2.7 (mean 1.9) 

0.41-0.65 (mean 0.56) 

Normal, 5 patients; 
single vessel 
disease, 1 patient 








multichannel recorder at a paper speed of 50 mm/s. Left 4 


ventricular (LV) mass was calculated from the formula LV 
mass = LV muscle vclume X 1.05, where 1.05 = speeific 
gravity of cardiac muscle and LV muscle volume = [(end- 
diastolic diameter) + (2 X diastolic wall thickness)? — tend- 
diastolic diameter)". 

Mitral diastolic closure rate was calculated as the EF slope 
of the mitral valve echogram. The maximal rate of left ven- 
tricular filling was calculated from the slope of left ventricular 
diameter against time. This measurement is derived using a 
pneumonie digitizer that is run along the left side of the in- 
terventricular septum cf the M mode echo. As the painter goes 
along the septum, the XY coordinates are recorded for each 
0.5 mm along the X axis. These coordinates are stored in an 
Olivetti 652 programmable calculator and then the pointer 
is drawn carefully along the endocardial surface cf the free 
ventricular wall. Again the XY coordinates are recorded in the 
calculator. The Y coordinates for each X value are subtracted 
from each other and the result gives a measure of the left 
ventricular diameter continuously throughout the cardiac 
cycle. This is then plotted out of an XY plotter anc the max- 
imal slope of left ventricular filling is then calculated. 

The preoperative echocardiographic characteristics of the 
six patients are summarized in Table IL. Left ventricular mass 
index was increased in all patients but the mcrease was 
somewhat smaller in those with aortic regurgitation. No pa- 
tient had evidence of asymmetric septal hypertrophy as 
judged by aseptal/posterior wall ratio of less than 1.4:1.0. As 
expected, maximal left ventricular filling rate was highest in 
the two patients with aortic regurgitation and was significantly 
higher than the normal range for this laboratory (130 + 30 
ml/s [mean + standard error of the mean]). Maximal left 
ventricular filling rate was within the normal range in all four 
patients with aortic stenosis. Mitral diastolic closure rate was 
normal in all six patients and no patient showed evidence of 
systolic anterior motion of the mitral valve before opera- 
tion. 

Surgery: Homograft replacement of the aortic valve was 
performed in all patients using two suture lines with contin- 
uous coronary perfusion at 30° C.8 One patient underwent 
combined aortic valve replacement and corenary arterial 
bypass grafting with a single graft to the diagonal branch of 
the left circumflex artery. 

Postoperative cardiac catheterization procedures: 
Follow-up studies with right and left heart catherization, left 
ventricular cineangiography and coronary angiography were 
performed in all patients 2 to 6 years (mean 47 months) after 
valve replacement. Four patients were reinvestigated because 
of reappearance of symptoms. The remaining two patients, 
although free of symptoms, were reinvestigated as a result of 
the echocardiographic findings at routine follow-ap coupled 
with the reappearance of electrocardiographic evidence of left 
ventricular hypertrophy in the electrocardiogram in the ab- 
sence of valve dysfunction or hypertension. 

Changes in left ventricular function were assessed by 
computerized radial analysis of segmental wall motion derived 
from the single plane angiogram.® The pre- and postoperative 
cineangiograms were projected on a Vanguard projector, and 
end-diastolic and end-systolic frames were digitized using an 
ultrasonic coordinate converter (Graf/Pen) on line with an 
HP2100A computer. Ejection fraction was determined using 
the single plane area-length method.' End-diastolic and 
end-systolic frames were then superimposed using the mid 
point of the aortic valve and the geometric center of gravity 


of the end-systolic frame as fixed reference points. Radials . 


were automatically plotted from the center of gravity to the 
ventricular perimeter at 4° increments in a clockwise direction 
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s 

starting at the mid point of the aortic valve. Segmental wall 
motion was expressed as the percent change in length of such 
radials from end-diastole to end-systole and was plotted 
against the radial angle around the ventricular perimeter. An 
abnormality was defined as five consecutive radials (20° or 
5 percent of the ventricular perimeter) greater than 2 standard 
deviations outside control values obtained in a group of nor- 
mal angiograms (see Fig. 9). 


Results 


Symptoms: The six patients have now been follow- 
ed-up for 48 to 72 months (mean 58 months) after valve 
replacement. Two years after valve replacement, all 
patients were entirely free of symptoms. However, at 
the time of latest follow-up, four patients had recurrent 
symptoms that included dyspnea in four, angina in 
three and multiple episodes of effort syncope in two 
patients. Repeated Holter tape electrocardiographic 
monitering in these latter two patients failed to dem- 
onstrate a rhythmic change as a cause of the syncopal 
« attacks. Standing and supine blood pressure was within 

the normal limits for age in all six patients. 
_ - Eleetrocardiography: Similarly, 2 years after valve 
replacement all patients manifested complete regression 


~ _of the signs of left ventricular hypertrophy in the elec- 


trocardiogram, although two patients showed nonspe- 
_elfie T wave inversion in the anterolateral leads. How- 
ever, at the time of latest follow-up the electrocardio- 
gram disclosed reappearance of left ventricular hyper- 
trophy in four patients; the condition was severe in two 
as judged from both voltage changes and reappearance 
of ST-T abnormalities that had previously returned to 
normal. Two patients had left ventricular hypertrophy 
as assessed from voltage criteria alone and one patient 
had left bundle branch block 3 years after valve re- 
placement. The electrocardiogram continues to show 
normal findings in one patient. 

Echocardiography: Serial changes in echocardi- 
ographically derived left ventricular mass are shown in 
Figure 1. The left ventricular mass index decreased in 








only one patient with aortic stenosis within the Ist year- 
after valve replacement. In the remaining five patients 
there was no significant change in left ventricular mass: 
With the passage of time there was a steady increase in’ 
left ventricular mass in all patients although this was. 
less marked in the two patients with aortic regurgita- 
tion. At the time of latest follow-up left ventricular mass 

ranged from 166 to 328 g/m? (mean 253); these values 
were significantly greater (p <0.001) than preoperative | 
values. The increase in left ventricular mass was par 
ticularly marked in two patients with aortic stenosis 
(Table ID. 

Serial. changes in systolic septal/posterior wall 
thickness are shown in Figure 2. Before operation, ac 
patient had a septal/posterior wall ratio of greater than 
1.4:1.0, and values ranged from 1.1:1.0 and 1.4:1.0. Two 
years after valve replacement there was a significant 
increase in septal thickness, and septal/posterior w 
ratio varied between 1.6:1.0 and 2.2:1.0. At the time o 
latest follow-up, no patient had a systolic septal/po: 
terior wall ratio of less than 1.8:1.0. In each case thei 
crease in septal to posterior wall ratio was due to i 
creased septal thickening rather than to a decrease i 
posterior wall thickness. 

Echocardiographically determined ejection fraction 
preoperatively ranged between 0.41 and 0.66 (mean 
0.56). In the four patients with aortic stenosis, ejection — 
fraction had increased significantly 2 years after valve 
replacement; values ranged from 0.70 to 0.78 (mean 
0.75) (p <0.001) (Fig. 3). At 4 years after operation there 
was a further significant increase in ejection fraction 
this group (p <0.05) with ejection fraction now ranging 
between 0.74 and 0.89 (mean 0.82). Changes in ejection 
fraction in the two patients with aortic regurgitation 
followed a rather different pattern. In one ejection 
fraction increased from 0.41 before operation to.0.87.1.— 
year after operation. The ejection fraction in this patient __ 
continued to increase and at the time of latest follow-up 
(4 years after valve replacement), it is 0.97. The second 




































































TABLE il 
Echocardiographic Findings Before Operation and at the Time of Latest Follow-Up After Valve Replacement 
Mitral 
. Posterior Ejection Diastolic Closure Max LV Filling 
LV Mass (g/m?) Wail Ratio Fraction Rate (m/s) Rate (ml/s) 
Case no. Pre Post Pre Post Pre Post Pre Post Pre Post e 
Aortic Stenosis 
1 171 328 1.3 2.1 0.64 0.96 75 64 125 88. 
2 208 233 1.4 2.4 0.45 0.87 100 61 112 50 
3 190 279 1.2 1.9 0.60 0.96 65 29 147 55 
4 128 295 14 2.1 0.65 0.89 85 131 186 173 
Aortic Regurgitation 
$ 125 218 1.14 2.2 0.61 0.89 90 31 185 45 
6 110 166 1.3 2.2 0.41 0.97 70 24 200 125 
Normai* 97 +23 0.97 + 0.07 0.68 + 0.04 90 + 25 130 + 30 
*-Mean + 2 standard deviations. 
LV = left ventricular; Max = maximal; Post = postoperative; Pre = preoperative. 
= . 
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FIGURE 1. Serial changes in left ventricular mass index 
in six patients after aortic valve replacement. Closed 
circles = aortic stenosis; open circles = aortic regur- 
gitation. PRE-OP = preoperative. 


FIGURE 2. Serial changes. in. left ventricular septal/ 
posterior wall thickness ratio in six patients after aortic 
valve replacement. Closed circles = aortic stenosis; 
open circles = aortic regurgitation. 


FIGURE 3. Serial changes in echocardiography de- 
rived ejection fraction in six patients after aortic valve 
replacement. Closed circles = aortic stenosis; open 
circles = aortic regurgitation. 
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FIGURE 4. Serial changes in maxirnal left ventricular 
ALY.) filling rate in six patients after aortic valve re- 
‘placement: Closed circles = aortic stenosis; open 
i cles = = aortic regurgitation. 







patientwith aortic regurgitation initially had a signifi- 
ant decrease in ejection fraction (from 0.62 before 
eration to 0.53 3 years after valve replacement). 
_ However, this value later increased significantly and it 
is now 0.89 6 years after operation. In the six patients 
as a group, ejection fraction at the time of latest fol- 
low-up ranges between 0.87 and 0.97 (mean 0.92). 
Moximal left ventricular filling rate before operation 
was within the normal range in all four patients with 
aortic stenosis but was significantly increased in the two 
patients with aortic regurgitation. One year after valve 
replacement, three patients including one with aortic 
-regurgitation had a significant decrease in the maximal 
filling rate with values ranging between 56 and 72 ml/s 
(Fig. 4). The remaining three patients showed no sig- 
Bem change in filling rate 1 year after operation. 
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JRE 5. Serial changes in rate of mitral diastolic cto- 
in six patients after aortic valve replacement. Closed 
circles = aortic stenosis: open circles = aortic regur- 
-gilation. 
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However, two of these patients later had a progressiv 
decrease in the maximal filling rate although at th 
latest follow-up it is within the normal range in both 
patients. One patient. with aortic stenosis showed | 
marked increase in left ventricular filling rate 5 years 
after valve replacement in association with the devel- 
opment of significant mitral regurgitation associated 
with a click and late systolic murmur. 

Mitral diastolic closure rate, within normal limits: in 
all patients before operation, showed a progressive de- 
crease in five of the six patients (Fig. 5). At the time of 
the latest follow-up, three patients including the tw 
with aortic regurgitation showed a marked decrease in 
rate, with values ranging between 23 and 40 mm/s. In 


two patients with preoperative aortic stenosis the mitral __ 
diastolic closure rate remains at the lower limits of: a 








om 


PRE-OP a 2 3 4 5 


FOLLOW. UP © YEARS } 


s € 





HYPERTROPHIC CARDIOMYOPATHY AFTER AORTIC VALVE REPLACEMENT THOMPSON ET AL 








normal. In the remaining patient it increased signifi- 
- cantly more than 4 years after operation when mitral 
-regurgitation developed. 

The preoperative echocardiogram of one patient 
(Case 3) with aortic stenosis is shown together with that 
-taken 6 years after valve replacement in Figure 6. The 
_ preoperative echocardiogram shows no evidence of 
_ hypertrophic cardiomyopathy and at cardiac cathe- 


across the aortic valve. The postoperative echocardio- 
gram shows considerable increase in septal thickening 


EJECTION FRACTION 
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FIGURE 6. Case 3. Echocardiogram of a pa- 
tert with aortic stenosis before successful 
aortic valve replacement and 6 years later. 
PRE-OP and POST-OP = preaperatively and 
postoperatively, respectively. 


Postoperative hemodynamic and angiographic 
findings: All patients were reinvestigated with right 
and left heart catheterization 2 to 6 years (mean 47 
months) after aortic valve replacement. Postoperatively, 
no patient demonstrated a pressure gradient across the 
aortic valve either at rest or exercise. However, three 
patients showed a gradient of 30 to 60 mm Hg across the 
left ventricular outflow tract at rest. After inhalation 
of amyl nitrite the gradient across the outflow tract in- 
creased in these three patients ranging to 50 to 90 mm 
Hg (mean 75). In addition, one patient who had shown 
no gradient at rest had a gradient of 35 mm on provo- 
cation with amyl nitrite. The gradient in each case was 
abolished by the administration of phenylephrine. In 





20.64 
e 
6 0.56 

l 10.04 8 10.0 
7 FIGURE 7. Changes in angiographic ejection fraction 
26,001 DONS. and leit ventricular end-diastolic pressure (L.V.E.D-P.) 
m ee in.six patients after aortic valve replacement. Closed 

circles = aortic stenosis; open circles = aortic - 
PRE-OP POST-OP PRE-OP PeST-OP regurgitation. 
. . 
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two patients a gradient failed to develop despite prov- 
ocation; these are the two patients who remain entirely 
free of symptoms. 

Ejection fraction calculated with angiography in these 
patients before operation ranged from 0.41 to 0.65 
(mean 0.56) and corresponded very closely to that de- 
termined with echocardiography. After valve replace- 
ment there was a marked increase in ejection fraction 
to 0.84 and 0.93 (mean 0.89) (Fig. 7). There was no sig- 
nificant change in left ventricular end-diastolic pressure 
after operation (Fig. 7), only one patient showing a mild 
increase. The postoperative left ventricular cineangio- 
gram showed cavity obliteration in systole in all six 
patients (Fig. 8), although cavity obliteration had not 
been evident before operation. In concert with this 
finding, postoperative analysis of left ventricular seg- 
mental wall motion showed “supercontractility” in all 
six patients (Fig. 9). 


Discussion 


Association between aortic valve stenosis and 
hypertrophic cardiomyopathy: Such an association 
is well documented!“ and in some patients, particularly 
those with a congenital bicuspid valve, may be trans- 
mitted as an autosomal dominant trait.!! The diagnosis 
of hypertrophic cardiomyopathy in the presence of se- 
vere aortic valve obstruction presents special difficulties 
because the valve obstruction tends to mask both the 





FIGURE 8. Postoperative end-di- S 
-astolic and end-systolic frames in PL 


two patients after aortic valve re- S 
placement showing cavity obliter- SE 
ation in systole. Top, Case 6 (pre- E 


operative aortic regurgitation). 
Bottom, Case 2 (preoperative aortic 
stenosis). 


clinical and hemodynamic characteristics of the car- 
diomyopathy.* Improved echocardiographic techniques 
have allowed identification of these two lesions. How- 
ever, the absence of a pathognomonic sign of hyper- 
trophic cardiomyopathy gives rise to further diagnostic 
difficulties.!? In particular, the presence of asymmetric 
septal hypertrophy is not diagnostic of hypertrophic 
cardiomyopathy!*:!4 and may occur as a normal variant, 
particularly in athletes. Similarly, patients with hy- 
pertrophic cardiomyopathy may have echocardio- 
graphic evidence of concentric left ventricular hyper- 
trophy,!°!6 which may lead to recognition of the car- 
diomyopathy only at the time of aortic valve replace- 
ment or at autopsy. 

None of our six patients had evidence of associated 
hypertrophic cardiomyopathy before operation, as de- 
fined by absence of asymmetric septal hypertrophy, 
systolic anterior motion of the mitral valve, cavity 
obliteration on angiography or a left ventricular outflow 
tract gradient. Furthermore, after operation no patient 
had evidence of abnormal ventricular overload in that 
none was hypertensive or showed either aortic regurg- 
itation or a transvalve aortic gradient. It might be ex- 
pected on theoretic grounds that changes suggestive of 
hypertrophic cardiomyopathy might develop in the 
early postoperative period when a still markedly hy- 
pertrophied ventricle is contracting against a greatly 
reduced afterload. However, this mechanism is incon- 
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-sistent with the 3 to 5 year delay in development of 
cardiomyopathy in our patients. 

Progression versus regression of hypertrophy 
after aortic valve replacement: Regression of left 
-ventricular hypertrophy, as judged both from a decrease 
- in left ventricular mass and from regression of electro- 
__eardiographic signs, may be expected in the majority of 
-patients after uncomplicated aortic valve replacement.!7 
Ina previous series!® of 53 patients we followed up with 
serial echocardiography after successful uncomplicated 
aortic valve replacement, left ventricular mass was de- 
-creased significantly to a value within normal limits in 
80 percent of patients 2 years after operation. However, 
in 18 percent of patients, despite an initial decrease in 
left ventricular mass 1 year after valve replacement, 
here was no further significant change at 2 years, and 
in each case the absence of change was associated with 
| the development of significant systemic hypertension. 
_ Similarly, there was a significant increase in ejection 
_ fraction after valve replacement in the patients in. this 
group with previously impaired left ventricular func- 
| tion. It was significantly increased 1 year after valve 
replacement and showed a further significant increase 
-at 2 years, but thereafter showed no further change. 
| These changes are in marked contrast to findings in 
| the six patients described in this report. Despite the 
successful valve replacement in these six patients, left 
- ventricular mass also showed no significant regression 
| -and actually increased progressively with the passage 
of time. This increase was accompanied by a similar 
| progressive increase both in the ejection fraction and 
| in the septal/postericr wall thickness ratio. This finding 
_ implies that these patients had continuing active left 
ventricular hypertrophy despite successful valve re- 
placement. Three of our six patients showed significant 
| reduction in maximal left ventricular filling rate. Al- 
-though the latter may be altered by a variety of cir- 
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FIGURE 9. Case 5. Computerized radial aralysis of 
segmental wall motion before (left) and after (right) 
aortic valve replacement in a patient with preopera- 
tive aortic regurgitation. Percent shortening of radials 
{vertical axis) is plotted against angle in degrees 
around the ventricular perirneter (horizontal axis). The 
dotted lines indicate the normal values + 2 standard 
deviations obtained in a group of 30 normal patients. 
The postoperative study shows marked increase in 
radial shortening well beyond the normal range apart 
from the site of the apical vent. E.F. = ejection frac- 
tion. 


cumstances, it is possible that in our patients this rep- 
resents a significant decrease in left ventricular com- 
pliance.!® 

Cavity obliteration versus outflow tract ob- 
struction: Although four of our patients demenstrated 
an intracavity gradient and all six patients manifested 
obliteration of the left ventricular cavity in systele, it 
is not clear whether these findings represent true ob- 
struction of the left ventricular outflow tract.*° Cavity 
obliteration in systole with or without an associated 
gradient may be seen in a variety of pressure overload 
states,2! particularly in patients with hypertension and 
aortic stenosis, but may also occur in other hypercon- 
tractile cardiac states?2-4 and after acute volume de- 
pletion.” However, it may be significant that the two 
patients in our series who remained entirely free of 
symptoms also failed to show a left ventricular outflow 
tract gradient either at rest or on provocation. 

Mechanism of hypertrophic cardiomyopathy: It 
seems probable that these six patients represent yet 
another facet in the spectrum of hypertrophic cardio- 
myopathy. However, the mechanism that allows con- 
tinuing left ventricular hypertrophy to occur after 
successful valve replacement in the absence of abnormal 
loading conditions is not known. It may be that in a few 
patients, once the stimulus for myocardial hypertrophy 
is initiated by the original valve lesion, the response 
becomes self-perpetuating despite hemodynamic cor- 


rection and a “malignant” hypertrophy occurs. Al of 


these patients were women, which may imply some form 
of genetic transmission, although no patient gave a 
positive family history of sudden death or cardiac dis- 
ease. Unfortunately, fer various reasons, it was not 
possible to perform echocardiographic studies in the 
relatives of these patients. 

Clinical implication: The true incidence of this late, 
complication of aortic valve replacement is uncertain. 
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At the present time an additional eight women show 
suspicious echocardiographic features after aortic valve 
replacement, namely, systolic anterior motion of the 
mitral valve together with marginal thickening of the 
ventricular septum in the absence of hypertension or 
significant aortic regurgitation. All these patients are 
new:asymptomatic and it remains to be seen whether 
they will eventually have the full manifestations of 
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hypertrophic cardiomyopathy. The failure of others to. 
report this late complication may be related to follow-up 
methods. At our institution we attempt to reevaluate 
all patients undergoing valve replacement at annual 
intervals with echocardiography and as part of the 
clinical examination. Undoubtedly, more cases -woul 
come to light if such reevaluation were a widespren 
practice. 
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Complete hemodynamic evaluation of patients with combined aortic and 
mitral mechanical valve prostheses presents a difficult technical problem. 
Yet such patients with cardiac symptoms postoperatively often require 
this evaluation to determine the diagnosis and the advisability of reop- 
eration. A 4 year experience with 22 patients requiring such evaluation 
is reviewed. Eight patients (36 percent) required reoperation for mal- 
function of the prosthesis. Four {18 percent) had major complications of 
the cardiac catheterization study, but no fatalities or residual permanent 
defects resulted. In 17 cases transthoracic left ventricular needle entry 
was used. A standardized procedure of this type for both pressure mea- 
surement and angiographic studies has evolved, providing reasonable 
efficiency and a relative degree of safety. The patient is positioned in the 
right anterior oblique position for optimal needle entry into the left ven- 
tricular apex and angiographic visualization of mitral prosthetic incom- 
petence and the myocardial contractile pattern. A 16 gauge needle with 
side holes but no end hole allows ventriculography to be performed after 
chamber entry using the prostheses as reference points under fluoroscopic 
guidance. Retrograde catheterization of the aortic prosthesis, transseptal 
left atrial catheterization with anterograde crossing of the mitral prosthesis 
and transapical pressure measurement with a smaller needle, combined 
with quantitative left atrial angiography, are alternative choices for 
study. 


Most therapeutic advances in medicine bring new diagnostic challenges. 
Thus, cardiac evaluation of patients who are symptomatic in spite of 
valve replacement is often technically more difficult than the original 
preoperative evaluation.!~ This is particularly true in patients with 
mechanical prostheses in both the aortic and mitral positions. Murmurs 
and other physical signs are usually not sufficiently specific for a 
quantitative surgical diagnosis. Noninvasive techniques such as echo- 
cardiography, phonocardiography and nuclear imaging are helpful but 
often not specific; they may suggest poor myocardial performance but 
do not rule out coexistent malfunction of the prosthesis. Indeed, the 
expected “normal” left ventricular responses to acute aortic prosthetic 
stenosis are dilatation and a decrease in ejection fraction,’ which may 
mimic isolated poor ventricular function as assessed with neninvasive 
studies. 

Fluoroscopically, restricted motion of the prosthetic poppet or flap, 
not explained by poor ventricular performance, is an indication of ste-- 
nosis of the prosthesis and the need for operation. Also, excessive 
swinging of the ring support is a sign of detachment of the prosthesis.’ 
Aortography alone may suffice, revealing severe insufficiency of the 
aortic prosthesis or evidence of a clotted valve. However, malfunction, 
of the prosthesis may be a treacherous and rapidly progressive condition; 
the decision to repeat valve surgery often requires complete cardiac 
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% catheterization study including left ventricular entry 
for evaluation of the prosthesis as well as determination 
of myocardial and coronary arterial status. Such study 
should only be performed in centers experienced in 
these unique problems. However, in light of the growing 


number of patients with double valve prostheses, it is 


important for all physicians active in cardiology to be 
familiar with the issues involved. 

Mechanical prostheses in the aortic position may be 
crossed with a catheter®; however, this maneuver is often 
difficult or impossible to accomplish. In addition, there 
is the risk of embolization of a clot from a stenosed 
mechanical prosthesis as it is traumatized by a catheter. 
Escape of the poppet from some valves is a recognized 
catastrophic event’ and can be a complication of at- 
tempted retrograde cardiac catheterization of an aortic 

valve prosthesis. Furthermore, the catheter across the 
prosthesis will result in valve regurgitation that may 
preclude accurate baseline hemodynamic measure- 
ments. For these reasons, we have generally avoided 
retrograde left ventricular cardiac catheterization in 
e patients with a mechanical aortic prosthesis. 

= Even normally functioning prostheses often have 
significant pressure gradients.* To compound further 
the diagnostic problem in evaluating the gradients, 
cardiac output may be reduced because of heart failure 
gtit may be high in association with hemolytic anemia. 
Thus, a small gradient may be present across a stenosed 
prosthesis or a high gradient across a normally func- 
tioning one. Calculation of a valve orifice cross-sectional 
area may not yield a clear diagnosis because the area 
may change with heart rate as a result of inertia of the 
poppet or flap. 

In view of these problems and others such as man- 
agement of anticoagulation during cardiac catheter- 
ization and because there have been few published re- 
. ports on the subject, we reviewed our experience in 
evaluating symptomatic patients with mechanical 
double valve prostheses. A particular aim was to develop 
a-safe and effective transthoracic approach to mea- 
surement of left ventricular pressure and performance 
with angiography. Although diagnostic transthoracic 
left ventricular entry is a relatively old procedure,?:© 
it has never been widely utilized and in particular it has 
not been standardized for the study of postoperative 
patients with double prosthetic values. 


i Methods 


Patients: The data on all adults with double valve me- 
chanical prostheses (mitral plus aortic) who had postoperative 
cardiac catheterization after 1972 were reviewed. Only pa- 
tients whose study was performed with left ventricular entry 
by needle or catheter were included. No patients with tissue 
valves were considered. All were studied because of persistent 

. or recurrent postoperative cardiac symptoms and were eval- 
uated for possible reoperation. The techniques utilized in left 
ventricular entry were analyzed retrospectively to determine 
the most effective method. 

Twenty-two patients met the selection criteria (Table D). 
All had mechanical prostheses of the Starr-Edwards, 

=- .Braunwald-Cutter or Bjork-Shiley variety in both the mitral 
* and aortic positions, and one patient had in addition, a tri- 
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cuspid valye prosthesis. There were 14 men and 8 women aged 
21 to 63 years (average 43). Valve replacement had been per- 
formed 1 to 91 months previously (mean 37 months), Study: 
was undertaken because of suspected malfunction of the: 
prosthesis causing symptoms of heart failure, angina pectoris 
or stroke. 

Cardiac catheterization procedures: Seventeen patients. 
had transthoracic left ventricular entry, 3 had retrograde left 
ventricular catheterization with a Sones coronary cathetel 
across the aortic prosthesis and 1 had anterograde entry into 
the left ventricle through a mitral prosthesis with a transseptal 
left atrial catheter. Two of the patients with tr ansthoracic. 
entry also had transseptal left atrial catheterization. All but | 
one had retrograde aortic catheterization. Eleven patients had _ 
left heart angiography; in eight this proced ure was performed 
with use of the transthoracic needle, in two by way of trans. 
septal left atrial angiography, and in one with use of the re 
rograde approach across the aortic prosthesis into the left 
ventricle. Nine patients had aortic root cineangiography and. 
seven had coronary angiography. : 

Management of anticoagulation therapy: All patients 
had been having long-term therapy with Coumadin before this 
study. In most patients use of this drug was discontinued or. 
continued in reduced dosage for several days before cardiac 
catheterization and resumed after the study. In one patient — 
intravenous heparin was administered for several days and 
then discontinued 8 hours before the study. No heparin was 
given during the cardiac catheterizations. Prothrombin times 
during the 24 hours before the study were 0 to 14.1 seconds 
longer than the control times (mean 3.8 seconds) or 20 to 100. 
percent activity (mean 52 percent). 






























Results 


Complications of cardiac catheterization: Si 
nificant nonfatal complications of the cardiac cathe- 
terization study occurred in 4 of the 22 patients {18 
percent). The most serious complication occurred ina 
severely ill patient taken urgently the day after study ~ 
to surgery because of malfunction of the prosthesis. He 
had left ventricular enlargement with good ventricular 
function. No complication was evident during or im- 
mediately after the study. However, early postopera- 
tively, pericardial tamponade occurred and at reex- = 
ploration myocardial suturing was required because of 
bleeding through the site of the left ventricular apical 
puncture. Heparinization and operative manipulation: | 
during the open heart procedure apparently contributed. 
to the occurrence of bleeding at the site of the previous: 
day’s puncture. Two other patients required observa- __ 
tion in the coronary care unit for pleuritic chest paini- 
after transapical study. One of these patients had an. _ 
associated pleuritic rub, and one had slight pleural: 
effusion on X ray film 3 days after study; both condi- 
tions resolved. One other patient had transient aphasia; 
probably due to cerebral embolus, after combined. 
retrograde aortic prosthetic catheterization and trans- 
septal left atrial catheterization with left atrial angi- 
ography. Two other patients had minor complications 
characterized by transient moderately severe pleuritic. 
chest pain after transapical withdrawal of the needle; 
both required narcotic drugs for relief. 

Catheterization diagnoses: Results of the 22 cardiac. 
catheterizations revealed a variety of cardiac diagnoses. 
Seven patients had poor ventricular function with good: 
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_ function of the prosthesis, five had mitral prosthetic 

„regurgitation, three had aortic stenosis, three had mitral 
- stenosis and four had normal findings. Eight (36 per- 
< eent) required reoperation for malfunction of the 
< prosthetic valve. 
< Proposed technique for transthoracic left ven- 
tricular apical entry: Analysis of the methods of left 

‘ventricular entry by a transapical percutaneous needle 

suggested the following protocal for safe, effective use 

-` of this technique. 

A Initially, right heart and retrograde aortic 
_ catheterization are performed under optimal patient 
__ sedation. The right heart catheter should remain near 
the pulmonary “wedge” position. Both catheters should 
_ be used to monitor pressures and be available for quick 
recording of transprosthetic pressure gradients. Before 
_ left ventricular catheterization, test doses of contrast 
__ dye should be given intravenously to minimize the 
_ chances of reaction later. 
-B Left ventricular transapical needle entry is 
_ performed. Our initial studies were made with either 
~ ano. 18 or.ano. 20 spinal type needle. Recently we have 
< useda no. 16 thin-wall steel needle that has side holes 
_ but no end hole. This needle has an obturator to add 
strength during entry and was designed to facilitate left 
ventriculography. The sequence of left ventricular 
-sentry is as follows: 














TABLE | 


1. The patient is comfortably placed partially on his 
left side with the vertically mounted fluorocine unit in 
aright anterior oblique projection. Adjustments should 
be made to bring the mitral valve prosthesis into profile 
for angiographic evaluation of regurgitation. This is 
most easily done with a “Z arm” or other rotating fluo- 
roscopic unit. This position also brings the long axis of 
the left ventricle relatively perpendicular to the X ray 
beam both for optimal visualization of ventricular 
contractions and to present the easiest target for entry 
of the needle at the cardiac apex. Furthermore, the left 
ventricular apex can be most easily felt against the chest 
wall in this position. Pressure transducers, connecting 
tubing, contrast injectors, recorders and auxillary 
equipment should all be in readiness for quick data 
acquisition (Fig. 1). 

2. The apex impulse is palpated and the entry site 
anesthetized. This site should be 1 inch (2.5-cm) or so 
from the center of the apical impulse and located just 
outside the apex fluoroscopically. Generally, this is one 
interspace below and outside the peint of maximal im- 
pulse. A slight nick is made in the skin. The transtho- 
racic needle is introduced subcutaneously. The needle 
preferred is 16 gauge, 6 inches (15.24 cm) leng, thin- 
walled with a sharp tip and side holes only (no end hole, 
so that no destructive jet of contrast material will ensue 
during angiography), with a blunt obturator for added 








Individual Patient Data 
Case Age (yr) Type of Months Angiographic Cardiac 
nO. & Sex Prosthesis Postop Approach Study Diagnosis Complications Reoperation 
1 50M SE 91 TA LV {LVEx 0 No 
2 38F BS 38 TA 0 MS 0 Yes 
3 63F SE 71 TA LV, CAG, Ao ,LVFx, GAD 9 No 
4 22F SE 43 TA, TS Ao, LA TLVEx 0 No 
5 35M SE 29 TS 0 MS 0 No 
6 37M BC 42 TA LV, CAG, Ao AS, CAD Chest pain Yes 
7 54M BC 44 TA Ao, CAG AS 0 Yes 
“8 47M SE 55 TA LV, Ao, CAG = Mild MR Q No 
9 30M BC 58 TA LV, Ao AS Chest pain Yes 
10 61M SE 32 TA 0 ĮLVFx 0 No 
11 50M SE 18 R, TS LA WNL Transient No 
aphasia 
12 50M BC 18 TA CAG ĮLVFx, CAD 0 Wo 
43 48F BC 18 TA 0 WNL 0 No 
14 58M BC 29 TA CAG WNL 0 No 
15 63M SE 44 R 0 LVF 0 Mo ° 
16* 30F SE 46 TA o Mild MR 0 No 
17 45M SE 11 R LV, Ao MR ie) Yes 
18 57F SE 18 TA RA, Ao, CAG =, LVF x G Ho 
19 25F SE 84 TA a WNL Chest pair, No 
pleural effusion 
20 46F BS 22 TA LV, Ao MS Chest pain, Yes 
pleuro- 
pericardial rub 
2 21M BS 1 TA LV MR Pericardiat Yes 
tamponade 
after 
reoperation 
22 22M BS 3. TA LV MR 0 Yes 








2 * Patient. 16 had three prostheses—amitral, aortic and tricuspid. 


Ao = aortogram; AS = aortic stenosis; BC = Braunwald-Cutter, BS = Bjork-Shiley: CAD = coronary artery disease; CAG = coronary arteriograms; 
LA = lett atrial angiogram; LV = left ventriculogram; ,LVFx = decreased left ventricular function, MR = mitral regurgitation; MS = mitral stenosis; 
Postop = postoperative; R = retrograde; RA = right atrial angiogram; SE = Starr-Edwards; TA = transapical, TS = transseptal; WNL = findings 


oS within. normal limits. 
2 
s . 
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FIGURE 1. Schematic drawing of transapical left ventricular puncture. 
The patient is positioned comfortably partially on his left side so that 
the mitral prosthesis is in profile through the vertically mounted cine- 
fluoroscopic unit. Pressure is monitored through arterial and “wedge” 
position catheters, and the power contrast injector prepared for left 
ventriculography. The apical needle is then introduced under fluorscopic 
control, toward the right scapula (arrow). 


stiffness during entry. A sliding “stop” should be af- 
fixed. 

3. At this time, cardiac output is measured for use 
in calculating valve areas and quantitating regurgitant 
flow by angiography. This value, as well as that of heart 
rate, may be higher than earlier baseline values because 
of patient anxiety. 

4, The needle is advanced ina straight line, in the 
horizontal plane and aimed fluoroscopically directly 
at the aortic prosthesis, which represents the base of the 
heart. In the vertical plane it is deflected to aim poste- 
riorly toward the right scapula. The cardiac pulsation 
will be encountered. Premature contractions may be 
noted. The needle is advanced further in increments of 
1/2 cm, and the obturator removed after each ad- 
vancement to check for blood. Entrance into the cavity 
is heralded by pulsatile blood effluent. The stop is 
tightened against the skin to steady the needle, and 
pressure is measured to verify the position (if necessary, 
blood oximetry may also be performed). While the 





FIGURE 3. Systolic frame from a left cineventriculogram with injection 
through the apical needle. The mitral prosthesis is competent, and there 
is no regurgitation of contrast medium into the left atrium. 





FIGURE 2. Fluoroscopic image of the correct position of the apical 
needle in the left ventricular chamber. Note the right anterior oblique 
projection, the mitral prosthesis (lower valve) in profile and needle entry 
near the apex but pointed toward the valves along the long axis of the 
ventricle. 


needle is further steadied by a hemostat, simultaneous 
pressures in left ventricle-pulmonary wedge positions, 
followed by left ventricle-aortic root positions are re- 
corded (Fig. 2). 

5. A cautious test injection of contrast material is 
made through the needle. Care should be exercised that 
all side holes are in the ventricular cavity; placement of 
one or more holes in the myocardial wall will later result 
in partial intramyocardial injection. 

6. A power injection is made with 36 to 44 ml of 
contrast medium at a rate of 12 to 14 ml/s during quiet 
respiration. “A deep inspiration” during filming or at 
any other time during needle use is contraindicated. 
Figures 3 and 4 are examples of left ventriculograms. 

7. The needle is withdrawn, the patient carefully 
monitored in the laboratory for 30 minutes and anal- 





FIGURE 4. Frame from a left cineventriculogram (right anterior oblique 
projection) in a patient with severe incompetence of a Bjork-Shiley 
mitral prosthesis (lower valve). Note the dense reflux opacification of 
the left atrium (LA) below the aorta (AO). In this example, the needle 
has erroneously been introduced too high through the free left ven- 
tricular wall rather than through the apex. 


: xy 
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: gesia for pleuritic chest pain administered if needed. 
The patient is observed closely overnight for compli- 
cations. 


Discussion 


Problems in diagnostic evaluation: Experience 
_ with these 22 symptomatic patients with double me- 
chanical valve prostheses has revealed some important 
‘features concerning their diagnostic evaluation. First, 

-complete hemodynamic evaluation is often necessary, 
as evidenced by the eight patients (86 percent) who 

“required reoperation. Such study allows one to make the 

"= decision to reoperate on the same rational quantitative 
basis as that used before the initial operation. The 

-mortality rate of reoperation has been shown to be in the 

acceptable range.!! Second, the studies are somewhat 
_ difficult but not prohibitively so, although they carry 

- agreater risk than is generally attendant in preoperative 
-cardiac catheterization for valvular heart disease in 

‘adults. Although there were no fatal or permanent re- 

sidual sequelae in our study, four patients (18 percent) 


~~ had significant complications attributable to the diag- 
nostic procedure. This rate is similar to the 24 percent 
= complication rate for transthoracic left ventricular 
study noted by Morton et al.? 


Proposed plan of diagnostic evaluation: During 


-< the last several years we have developed the following 
-= plan of evaluation of such patients in accord with the 


“lessons and techniques learned from this series. 
A. Initial communication among the cardiologist, 
surgeon, radiologist and the patient himself: This is 
important in order to determine if the patient is indeed 
-> a candidate for reoperation, and, if so, under what 


conditions, and the specific data required. It is necessary 


to individualize the planned study for each patient, 
owing to the multiplicity of disorders present in this 


_ group. 


~ RB Anticoagulant management: Ideally, anticoag- 
n ulation should not be so great as to enhance complica- 
tions of bleeding during catheterization, yet should be 
_ maintained to the extent that clotting on a potentially 
< malfunctioning prosthesis is retarded. The safest pro- 
_.eedure appears to be discontinuation of oral antico- 
_ agulant therapy 3 to 4 days before study and mainte- 
< nance with parenteral heparin until shortly before 
study. An alternative procedure is to discontinue oral 
< anticoagulant therapy 1 to 2 days before study and to 
-= perform the investigation with the blood in the partially 


anticoagulated state. Full anticoagulation can then be 


restarted the day after study. Morton et al.? suggested 
that study with partial anticoagulation is the most ad- 
- vantageous procedure. 

7 C, Catheterization procedure: Review of the proce- 
dures utilized for left ventricular entry suggests that 


| > transapical needle entry is the procedure of choice in 


most patients with mechanical prostheses in both the 
mitral and aortic positions. Although this procedure 
does have risk, at our institution the study is performed 
by the cardiologist with consultation of the radiologist 


re 


+ 
without surgical stand-by. Several factors make such 
study easier in this group of patients than in patients 
who have not been operated on: (1) The pericardium is 
generally adherent to the epicardium because of pre- 
vious scarring from the operation. Thus, there is little 
chance that pericardial tamponade will occur after the 
study. (2) The prostheses, particularly the aortic, make 
excellent fluoroscopic landmarks for guiding the needle 
entry. (3) The spiral arrangement of the muscular layers 
of the myocardium is a favorable anatomic arrangement 
to prevent bleeding from the left ventricular chamber. 
This is particularly true in the hypertrophied heart, 
which is generally found in such patients. Furthermore, 
the coronary arteries, a source of potential bleeding, are 
smallest in size at the apex where needle entry oc- 
curs. 

Prevention of complications of procedure: Po- 
tential problems that may result from transthoracic left 
ventricular entry include pneumothorax, coronary ar- 
terial laceration, pericardial tamponade or pleural 
effusion, bleeding or hematoma formation, myocardial 
injury from angiography, arrhythmias and embcliza- 
tion. Two patients in our series had pleural effusions 
with chest pain, presumably due to bleeding from in- 
tercostal vessels. In the series of Bjork et al., 142 left 
ventricular punctures were reported. Complications 
included frequent premature ventricular complexes in 
one patient, right ventricular entry in two, and ven- 
tricular fibrillation requiring resuscitation in one pa- 
tient. The most difficulties are encountered in men with 
large “barrel chests” and no cardiac enlargement, such 
as might result from an original preoperative corabi- 
nation of aortic stenosis and mitral stenosis. An alter- 
native approach to the study of such patients would be 
attempted retrograde catheterization of the left ven- 
tricle, or transseptal catheterization with anterograde 
mitral crossing. Both procedures were successful in 
several patients in our series. Also, a more cautious 
approach is the use of a thin needle such as a 20 gauge 
spinal type, for percutaneous measurement of pressure 
only. In such cases, angiography can be performed with 
left atrial injection through a transseptal catheter. 
Regurgitation can then be assessed by quantitative 
angiography with calculation of ventricular volumes 
from the films.!2 The presence of the valve prostheses, 
plus a lateral view fluoroscopic tube, generally enhances 
the ease of transseptal cardiac catheterization in this 
type of patient. 

One patient in our series had triple valve prostheses. 
In such patients the pulmonary wedge pressure can be 
obtained only by passing a catheter through the tri- 
cuspid valve prosthesis. We have performed this ma- 
neuver without incident in several patients, utilizing a 
Swan-Ganz catheter. However, an alternative approach 
is to combine transapical and transseptal approaches. * 
In addition to being useful for the left atrial pressare 
measurement, the transseptal catheter can be wedged 
inte a pulmonary vein for recording of the pulmonary 
arterial pressure for a more complete hemodynamic 
evaluation. 
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The coronary hemodynamic effects of ergonovine maleate were examined 
in 15 patients with a chest pain syndrome not thought to be variant angina. 
Ergonovine was given intravenously in sequential doses of 0.05, 0.7 and 
0.25 mg while measurements were made of systemic hemodynamic 
variables, coronary sinus blood flow and coronary arteriovenous oxygen 
difference at intervals during the protocol. Coronary arterial diameters 
were measured from the 35 mm cineangiogram. Despite an increase in 
myocardial metabolic demand, as estimated with the heart-rate-blood 
pressure product, there was no apparent increase in coronary vascular 
resistance. In addition, there was a significant widening of the coronary 
arteriovenous oxygen difference in five of the seven patients in whom it 
could be measured. However, neither chest pain nor ischemic electro- 
cardiographic changes were evoked. Although ergonovine also produced 
a diminution in epicardial coronary arterial diameters, this effect was not 
sufficient to explain the absence of appropriate coronary vasodilation. 
These results suggest that ergonovine may limit the normal vasodilatory 
response of the arteriolar bed to increases in myocardial metabolic de- 
mand. 


Interest in the syndrome of variant angina has grown since the discovery 
that various pharmacologic agents are capable of reproducing its clinical 
features by provoking coronary arterial spasm. +® Ergonovine maleate 
is one such agent. Given intravenously, it is very effective in precipitating 
spasm in patients with variant angina but not in patients with atypical 
forms of chest pain.*» In spite of its increasing use in cardiac catheter- 
ization laboratories, its hemodynamic effects on the coronary circulation 
have not been adequately investigated. 

In this report we examine the coronary and systemic hemodynamic 
effects of ergonovine maleate administered to patients with atypical 
nonvariant forms of chest pain. Our results suggest that ergonovine 
maleate exerts its vasoconstrictive effect not only on large epicardial 
coronary arteries, but also on the smaller autoregulatory arterioles., 


Methods 


Patients: We studied 15 patients, 10 men and 5 women, ranging in age trom 
25 to 59 years, at the time of clinical evaluation for chest pain. All patients had 
an atypical nonexertional form of chest pain that occurred at odd times during 
the day and night and was not consistently relieved with nitroglycerin. During 
episodes of chest pain no patient had documented S-T segment elevation or 
depression or changes in blood pressure or heart rate. All patients gave informed 
consent in accordance with the Stanford University Committee on the Use of 
Human Subjects in Research. No complications oceurred during this investi- 
gation. 

Hemodynamic and angiographic studies: Left ventriculography and cor- 
onary angiography were performed in all patients using the Judkins technique.” 
We measured coronary sinus blood flow with the thermodilution technique of 
Ganz et al.8 The thermodilution catheter (Wilton Webster Laboratories, Alta- 
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s 
dena, California) was inserted into the coronary sinus through 
a left antecubital vein with the tip positioned at least 5 cm 
from the coronary sinus ostium te avoid right atrial contam- 
ination.? The catheter was firmly secured at the venous entry 
l site and precautions were taken to ensure a stable catheter 
i position throughout the study. In our laboratory the repro- 
P ducibility of this technique as determined by 26 duplicate 
measurements in 18 patients is 4 + 8.2 percent (mean + 
standard deviation). Arterial pressure was measured through 
a Judkins coronary arterial catheter positioned at the coronary 
arterial ostium using a Statham P23Db pressure transducer 
‘Statham Instruments, Inc., Oxnard, California) connected 
to a Hewlett-Packard optical recording system. All coronary 
sinus flow measurements were made with the coronary arterial 
catheter in this position. Arterial and coronary sinus oxygen 
content levels were measured in seven patients using the 
method of Gordy and Drabkin.'° A 12 lead electrocardiogram 
was recorded intermittently throughout the drug protocol. 
At the completion of routine angiographic studies, control 
-. goronary sinus blood flow measurements were obtained. Next 
_ 0.4 mg of ergonovine maleate was administered in three doses 
of 0.05, 0.1 and 0.25 mg at 3 minute intervals while a 12 lead 
electrocardiogram and arterial pressure were recorded at 1 
inute intervals. At the end of a 3 minute period coronary 
inus blood flow was measured and the left coronary artery 
_ visualized with use of selective injection of 5 to 8 ml of me- 
glumine-and sodium diatrizoate (Renografin® 76). In seven 
ients, arterial and coronary sinus blood samples were ob- 
ined simultaneously for determination of oxygen content 
before each flow measurement. 
“Coronary vascular resistance:was calculated as the quotient 
of mean arterial pressure and coronary sinus blood flow. 
Myocardial metabolic demand was estimated from the 
product of systolic arterial pressure and heart rate.!! The di- 
ameter of the left anterior descending and circumflex coronary 
arteries was measured with calipers from the cineangiogram 
obtained before and after each dose of ergonovine, as previ- 
ously described.?? The largest reduction in diameter was used 
for analytical purposes. 
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Statistical analysis: Student’s ¢ test for paired data with . 
equal variance was used for statistical analysis. ‘ 


Results 


Coronary angiographic findings: coronary ar- 
terial diameter: Table I summarizes the angiographic _ 
findings and the changes in coronary arterial diameters _ 
produced with ergonovine maleate. No patient had — 
angiographic evidence of mitral valve prolapse. A nor- — 
mal left ventricular contraction pattern was noted in 14 __ 
of the 15 patients. Patient 5 had a contraction abnor- 
mality of the anterolateral and apical walls. He had no — 
historical or electrocardiographic evidence of a prior. 
myocardial infarction to explain the hypokinesia. Pa- 
tient 1 had a significant occlusion (greater than 50 
percent reduction of luminal diameter), of the right 
coronary artery, and four patients had significant le- 
sions involving the left anterior descending or major 
diagonal branch. All other patients had either normal 
arteries or insignificant coronary occlusive disease (less. 
than 50% stenosis). ae 

In response to ergonovine there was a 22.5 percent 
reduction in the diameter of the left anterior descending 
coronary artery (from 3.1 to 2.4 mm, p <0.001) and a 
17.7 percent decrease in diameter of the left circumflex 
coronary artery (from 3.2 to 2.6, p <0.01). The coronary 
arterial narrowing occurred diffusely throughout the 
entire length of the vessels. Neither chest pain nor _ 
electrocardiographic changes were associated with this 
reduction in coronary arterial diameter. 

Hemodynamic data: Table II presents the hemo- _ 
dynamic data in all patients before and after ergonovine. _ 
There was an increase in mean arterial pressure (from _ 
104 to 120 mm Hg, p <0.001) and a 26 percent incre- __ 
ment in heart rate-pressure product (from 10.54 to 12.95 











































__ Angiographic Findings and Changes in Coronary Arterial Diameter Produced by Ergonovine 
Be ne i en 
: Angiographic Findings Coronary Diameters (mm) 
: Coronary LAD LCx 
Case Age (yr) Left Arteries 
no. & Sex Ventricle (% stenosis) Cc E Cc E 
1 56M WNL RCA (60%) 2.0 1.5 2.5 2.0 
ad 2 54F WNL WNL 2.5 2.1 : g 
meg 37F WNL RCA (20%), Diag (70%) 2.2 1.5 3.1 2.0 
4 40F WNL WNL 3.5 41 3.6 4.1 
5 40M Anterior apical hypokinesia LAD (80%) 2.8 2.8 2.0 2.0 
6 40M WNL WNL 2.5 1.5 2.3 2.0 
7 54M WNL LAD (80%} 3.2 2.5 2.7 2.5 
8 38F WNL WNL 3.2 2.5 3.6 3.1 
9 51F WNL WNL 3.6 3.2 2.2 24 
10 25M WNL WNL 3.6 3.0 3.6 3.0 
11 40M WNL LAD (30%), RCA (30%) 3.8 3.1 3.1 2.5 
12 48M WNL RCA (30%) 3.0 2.0 3.0 2.0 
x 13 59M WNL WNL 3.1 2.3 4.7 3.0 
14 38M WNL WNL 4.4 2.5 44 3.0 
15 48M WNL LAD (80%), Diag (80%) 2.5 1.3 3.8 25 
Mean 3.1 2.4 3.2 2.6 
+ SEM 0.16 0.20 0.21 0.16 
p value <0.001 <0.01 
sooo * inadequately visualized. 
C= control; Diag = diagonal branch; E = ergonovine; LAD = left anterior descending coronary artery; LCx = left circumflex coronary artery: 
_ LV = left ventricle; p = probability; RCA = right coronary artery; SEM = standard error of the mean; WNL = within normal limits. ? 
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‘TABLE H 

















Coronary and Systemic Hemodynamic Effects of Ergonovine 
Coronary 
CSBF CVR Aa-vOz SAP - HR MAP Heart Rate 
(mi/min) {mm Hg/ml per min) (vol %} (x 103) (mm Hg) (beats/min) 
Case 
no. Cc E c E c E Cc E c E c E 
1 145 180 0.97 0.88 — — 13.92 16.83 140 458 71 71 
2 162 231 0.68 0.60 — — 10.95 16.72 110 t36 75 88 
3 166 134 0.87 1.03 — — 15.84 16.74 135 13& $0 90 
4 147 224 0.65 0.49 9.03 9.65 12.03 14.16 95 116 97 97 
5 103 151 0.87 0.84 — — 8.56 16.32 90 127 84 96 
6 166 174 0.75 0.80 — — 14.11 16.29 124 13S 84 84 
7 136 315 0.78 0.35 11.90 11.23 11.72 411.83 107 10S 92 a7 
8 119 174 0.92 0.82 12.05 14.86 9.92 16.68 109 142 67 86 
9 95 105 0.96 1.16 11.01 12.77 7,34 16.04 91 122 54 54 
10 76 84 4.28 1.23 — — 10.92 12.24 97 103 84 90 
11 124 156 0.79 0.71 — 8.52 10.05 99 117 71 75 
12 153 129 0.52 0.70 10.77 12.03 7.80 8.80 80 90 78 78 
13 114 131 0.70 0.73 10.70 12.35 8.10 10.11 80 95 75 79 
14 91 92 1.04 1.23 — — 6.95 8.51 94 113 57 56 
15 62 48 1.79 2.20 13.74 17.75 11.52 9.00 111 106 72 60 
Mean 123.9 155.2 0.90 0.92 11.31 12.93 10.54 12.95 104 120 77 79 
+SEM 8.5 17.0 0.08 0.12 0.55 1.00 0.69 0.87 4& 5.1 3.1 3.6 
2 value <0.05 NS <0.05 <0.01 <0.001 NS 





 CSBE = coronary sinus blood flow; CVR = coronary vascular resistance; Aa-vO, = 





arteriovenous oxygen difference; MAP = mean arterial 


- pressure; NS = not significant; SAP-HR = systolic arterial blood pressure-heart rate product; SEM = standard error of the mean. 


units, p <0.05). There was also a slight but insignificant 
- ‘rise in heart rate (from 77 to 79 beats/min). The changes 
-in coronary hemodynamics in response to ergonovine 
_ demonstrated more variability than the alterations in 
~ the systemic hemodynamics. Increases in coronary sinus 
flow were noted in 11 of 14 patients. Patients 3, 12 and 
_ 15 had significant decreases in coronary sinus flow, 
__ whereas Patient 14 had essentially no change in mea- 
sured flow. Patients 3 and 15 also had significant left 
-coronary arterial lesions. In the group as a whole, coro- 
nary sinus flow increased (from 124 to 155 ml/min, p 
-. <0:05). Calculated coronary vascular resistance re- 
- mained essentially unchanged after ergonovine ad- 
- ministration (0.90 versus 0.92 mm Hg/ml per min), al- 
= though considerable variability was noted. 
< Of particular interest were the changes in the coro- 
nary arteriovenous oxygen difference. Five patients 
(Cases 8, 9, 12, 13 and 15) demonstrated significant 
widening of the coronary arteriovenous oxygen differ- 
ence, but in two patients (Cases 4 and 7) there was es- 

sentially no change. These two patients also had the 
largest increments in coronary sinus flow of the seven 
__ patients in whom coronary arteriovenous oxygen dif- 
__ ferences could be measured. The reason for the marked 
_- increase in coronary sinus flow in Patient 7, despite 
ignificant stenosis of the left anterior descending cor- 
__ onary artery is not clear. Patient 15, who had the most 
severe left coronary artery disease, had the largest in- 
_--erement in coronary arteriovenous oxygen difference 
_and the largest. proportionate decrease in coronary sinus 
flow. The mean group value for coronary arteriovenous 
_ oxygen difference increased (from 11.31 to 12.93 vol 
--pereent, p <0.05). 

-Figure 1 graphically compares the changes in coro- 
nary arteriovenous oxygen difference and coronary 
vascular resistance in the seven patients whose coronary 
sinus blood could be prtained for oxygen content de- 



















termination. Figure 2 compares and summarizes the 
changes in heart rate-pressure procuct and coronary 
vascular resistance produced by ergenovine. 


Discussion 


We examined the coronary and systemic hemody- 
namic effects of ergonovine maleate in a group of pa- 
tients with atypical chest pain, in whom ergonovine did 
not provoke coronary spasm, in order to understand the 
normal pharmacologic effects of this agent on the cor- 
onary and systemic circulations. The observed increase 
in arterial pressure and modest reduction in coronary 
arterial diameters were similar to the data reported by 
Curry et al.!° and Goldberg et al.'4 These effects are 
presumably related to the interaction of ergonovine, a 
known alpha agonist, with peripheral and coronary 
alpha adrenergic receptors. 

Coronary hemodynamic effects of ergonovine: 
These effects are of particular interest in that an un- 
derstanding of the pharmacologic effect of ergonovine 
might provide insight into its action in patients with 
variant angina. The data suggest that, in addition to its 
other effects, ergonovine effectively limits the ability 
of the myocardial arteriolar- bed. to vasodilate. in re- 
sponse to an augmented myocardial metabolic re- 
quirement. This conclusion is supported by several 
observations. We noted a 26 percent rise in heart. rate- 
pressure product in response to ergonovine. This rise, 
coupled with the previously noted inerease in left ven- 
tricular end-diastolic pressure,!’> would effectively 
augment myocardial oxygen demand. The physiologic 
response of the coronary circulation in this circumstance 
would be vasodilation, in order to match myocardial 
oxygen delivery to the increased demand. Thus, the 
unchanged calculated coronary vascular resistance in 
our patients is surprising and: probably reflects the 
limitation in arteriolar autoregulatory capacity pro- 
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FIGURE 1. Comparison of the changes in coronary vascular resistance 
anid coronary arteriovenous oxygen difference (AA-VO.) produced by 
ergonovine maleate in seven patients. Note the widening of the coronary 
arteriovenous oxygen difference in the presence of no apparent change 


“ie coronary vascular resistance. NS = not significant. 


duced by ergonovine. An additional finding supporting 
this concept is the 14 percent widening of the coronary 


_arteriovenous oxygen difference. If the increase in cor- 


onary flow was adequate to meet the increase in myo- 
cardial oxygen demand then an increase in oxygen ex- 


~~ traction should not be necessary. The increased myo- 


oe 
s 


cardial oxygen extraction in our patients further sup- 
ports the view of limited autoregulatory capacity. This 
limitation was not sufficient to produce myocardial 
ischemia, as evidenced by the absence of both chest pain 
and ischemic ST-T changes in the electrocardiogram. 

Curry et al.!° also noted insignificant changes in 
myocardial lactate extraction in their patients with 
nonvariant angina, again suggesting that the limitation 
in vasodilating ability of the arteriolar bed was not se- 
vere enough to produce myocardial ischemia. 

-Our results are similar to those recently reported by 


l Goldberg et al.™ in their patients with atypical chest 


pain. Although the changes in systemic and coronary 
hemodynamics were similar to those manifested by our 


- patients, coronary arteriovenous oxygen difference was 


unchanged in five patients in whom the measurement 
could be made. The reason for the discrepancy between 
the two studies in myocardial oxygen extraction data 
is not entirely clear. One possibility is that nitroglycerin, 
which was administered to their patients before the 
study, in some way blunted the effect of ergonovine; our 
patients did not receive nitrates. 

Although our patients had a 20 percent reduction in 
epicardial coronary arterial diameter, limitation in 
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FIGURE 2. A comparison of changes in myocardial metabolic: demand 
as estimated. by heart rate-systolic arterial pressure product (SAF: 
and coronary vascular resistance produced by ergondvine. ‘Althoug! 
there was a significant rise in rate-pressure product, there was no £ = 
parent decrease in coronary vascular resistance as would: ordinarily E: 
be expected with an increased demand. K 


resting coronary flow is usually seen only with decreases 
in luminal diameter of more than 85 percent. 15 'Thus we 
would not expect this modest increase in epicardial 
coronary resistance to exhaust the myocardial autore- _ 
gulatory reserve. In addition, the narrowing that oc- 
curred was not localized at the sites of lesions that would 
tend to make nonsignificant lesions hemodynamically _ 
significant. o 
Clinical implications: The concept of a limitation 
in vasodilatory capacity in response to an increase: 
myocardial oxygen requirement is not new. Mohrman _ 
and Feigl!¢ in an animal preparation recently showed _ 
that myocardial oxygen delivery in response to aug- 
mented myocardial metabolic requirement can be en- 
hanced by approximately 30 percent with alpha ad- 
renergic blockade. Although the mechanism responsible — 
for ergonovine’s ability to limit myocardial oxygende- 
livery may be different from that reported in animals, _ 
the end result would appear to be similar. This effect 
may be important in producing chest pain and myo- 
cardial ischemia in patients with nonvariant angina and __ 
significant coronary occlusion who are given ergonovine. 
It may also explain the reported large incidence of er- 
gonovine-induced chest pain and ischemic electrocar> 
diographic changes among patients with classic exer- __ 
tional angina.1748 
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How oral Bey. 
nitroglycerin 


“After ONTG [controlled-release (66 mm Hg) during this 
oral nitroglycerin, 6.5 mg to 19.5 mg] thera py interval [Afterload reduction}”* 


ingestion left ventricular filling pressure works “Consonant with the hemodynamic 


(LVFP) diminished in 20 min....declined effects of the preparation...has been 

maximally within one hour...and remained its antianginal efficacy demonstrated 

decreased. ..throughout the four hours’* in a controlled clinical trial”* 
“Mean blood pressure was 3-10 mm Hg less 

than control (88 mm Hg) throughout the four OEE ENA TA a e 

hour period after ONTG therapy, and diastolic ““Shinculor unetion in congestive hear failure. Clinical 


blood pressure was 2-8 mm Hg below control Cardiology 2:19-25 (Feb) 1979. 


NITRO-BID Plateau CAPS’ 
(nitroglycerin) 9 mg, 6.5 mg and 2.5 mg 











WARNINGS: Nitro-Bid is not intended to abort the acute anginal episode. Nitro-Bid 
Capsules must be taken orally, not sublingually. 

PRECAUTIONS: Headache is a sign of overdosage, and therefore, dosage should 
be reduced. Occasionally, elderly patients may have no untoward symptoms while 
recumbent, but may develop postural hypotension with faintness upon suddenly 
arising. Another patient benefit product from 
ADVERSE REACTIONS: With use of nitrates, transient MARI ON 
CONTRAINDICATIONS: Patients with marked anemia, increased intraocular pres- headache, postural hypotension, flushing, tachy- ON 
sure, increased intracranial pressure, glaucoma, hypotension, and idiosyncrasy cardia and dizziness may occur. NIMIM L ABe OR agi S INC 

to this drug. Consult full product disclosure before WEE 13 


INDICATIONS: Based on a review of oral nitrate drugs by the National Academy 
of Sciences—National Research Council and/or other information, FDA has 
classified the indications as follows: “Possibly” effective when taken by the oral 
route, Nitro-Bid Capsules are indicated for the management, prophylaxis or 





treatment of anginal attacks. Final classification of the less-than-effective indi- 
cations requires further evaluation. 
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Combipres: 
Today and 
Tomorrow 


/ 


well tolerated 9% of 484 patients, 


in 16 clinical trials, definitely or probably dropped out 
due to side effects.' 


well tolerated 


e effect 
yoouts 
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PERCENT OF PATIENTS 


s 


Effective control in (mild to moderate) hypertension 
usually with just 2 or 3 tablets daily. 

Low incidence of depression, and orthostatic 
hypotension. * 

The most common side effects are dry mouth, 
drowsiness, and sedation, which generally tend to dim- 
inish with time. As with other antihypertensives contain- 
ing diuretic agents, hypokalemia, hyperuricemia, and 
hyperglycemia may occur. Drowsiness and sedation 
may be alleviated by giving the larger portion of the 
divided dose at bedtime.?:3 

Convenient morning and bedtime dosage 

* scheduling. 


Each ee r eonains Catapres* (clonidine HCI) 
0.2 mg. and chlorthalidone. 15 mg jl and 2 


HYPERTENSION 


Combipres is not indicated for initial therapy. It is for patients ie- 
sponsive to its components given separately in equivalent dosages. 
Please see brief summary of the prescribing information on the last 
page of this ad for warnings, precautions, and adverse reactions. 
*Orthostatic hypotension has been reported with chlorthalidone and 


may be potentiated when chlorthalidone is combined with alcohol, 
barbiturates, or narcotics. \ 





Combipres' ı --.2 


Each tablet contains: Catapres® (clonidine HC 1) 
01 or 0.2 mg. and chiorthalidone. 15 mg 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension 
Hypertension requires therapy t trated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 


Indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children. 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine. 
Patients who engage in potentially hazardous ac- 
tivities, sueh as operating machinery or driving, 
should be advised of the sedative effect of the 
clonidine hydrochloride component.This drug may 
enhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cere- 
brovascular disease or chronic renal failure 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While, except for some 
dryness of the eyes, no drug-related abnormal 
ophthalmolegical findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer L 

Patients predisposed towfírd or affecte®by dia- 
betes should be tested periodically while receiving 





Medicine 
for a 
future 


Combipres, because of the hyperglycemic effect 
of chlorthalidone 

Because of the possibility df progression of renal 
failure. periodic determination of the BUN is indi- 
cated. If, in the physician's opinion, a rising BUN 
is significant, the drug should be stopped 

The chlorthalidone component of Combipres may 
lead to sodium and/or potassium depletion. Mus- 
cular weakness, muscle cramps, anorexia, 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care shauld be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time, reduction in 
amplitude of the T wave; ST segment depression; 
prominent U wave. These abmormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases To lessen the pos- 
sibility of potassium deficiency, the diet, in addition 
to meat and vegetables, shouid include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy, oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm 
day), fruit juice and bananas snould be given 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain, transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon; 
vivid dreams or nightmares, insomnia, other be- 
havioral changes, nervousness. restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria. thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness, itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs’ test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chliorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness, dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidome is combined 





with alcohol, barditurates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances. 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- ` 
disposed should >e checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
certration is considered potentially deleterious, 
concomitant use of & uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
and/or antihypertensive activity 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytapenia, leukopenia, agranulo- 
cytcsis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration 

Other adverse reactions which have been re- 
ported with this gemeral class of compounds in- 
clude: jaundice, xanthopsia, paresthesia and 
photosensitization. 

Overdosage: Catares (clonidine hydrochloride): 
Profound hypotension. weakness, somnolence. 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 

age. Gastric lavage and administration of an 
analeptic and vasorressor led to complete recov- 
ery within 24 hours. Toiazoline in intravenous 
coses of 10 mg at 39-minute intervals abolishes 
all effects of Catapres overdosage. 
Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness. and disturbances of 
electrolyte balance. There is no specific antidote, ° 
but gastric lavage is recommended, followe@ by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution 

How Supplied: Combipres* 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidane 15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 

100 

Combipres* 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). It 

is available as blue, ova’, single-scored com- . 
pressed tablets in botles of 100. 

For complete details, slease see full prescribing 
information 
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For The Cardiologist 


Who Wants The Ultimate 
In Ultrasound Controls. 


Tashiba’s high speed SSH- 
10A ultrasound electronic 
sector scanner produces an 
ultra fine diagnostic image. 

Over 16 different 
parameters can be modified 
by the cardiologist to 
maximize image quality in 
relation to specific patient 
characteristics. 

Valve movement, 
chamber size and details of 
the internal structure of the 
heart can all be clearly 
observed, measured and 
diagnosed. Wide range 
sector angle is a full 78°. 

A clear real time, cross 
sectional B mode image of 
the heart structure is 
obtained by simply 
positioning the probe on the 


i chest wall. 


Displayed on the C.R.T. 
with the B mode image are 
nonfade ECG and patient 
I.D. Two angles of the M 
mode image can also be 
displayed simultaneously on 





































a second C.R.T. and/or a 
strip recorder. 

Two UCG traces, M mode 
tracing and Kymograph 
studies are additional 
capabilities. 

In short, the SSH-10A 
gives you the maximum 
ultrasound information from 
one mobile unit. So get full 
information on it now. 
Contact your local Toshiba 
representative. 

Toshiba Medical Systems, 
Toshiba 1154 Dominguez, 
Carson, CA 90745 
SSH-10A Features: 

e Complete Mobility 

e Superior Resolution of 

Electronic Sector Scanning 
e Dual M Mode 
e 4 Channels of Physiological 

Monitoring 
e Real Time B Mode Cross 

Sectional Image with ECG 

and Patient |.D. 

e Flexibility for All General 
Pediatric and Adult 
Applications 













Left: 
Dual channel 
M mode 
showing 
simultaneously 
aorta and 
mitral 
function. 
























Right: 
Long axis left 
heart. 
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*Indicated for premature ventricular 
contractions (PVCs) ... unifocal, multifocal 
or paired PVCs... episodes of ventricular 
tachycardia. 7 
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Particularly well suited to initial therapy 


Demonstrated efficacy 


Intensive clinical studies conducted prior to the 
release of Norpace (disopyramide phosphate) 
established its efficacy as an antiarrhythmic agent. 
And in the short time since its introduction, the 
drug has been employed in thousands of patients— 
most frequently initiated in the hospital, where the 
most challenging, critically ill patients are found. 
Norpace is now regularly prescribed by increasing 
numbers of cardiologists who have given ita 
rapidly expanding base in both hospital and 
outpatient use. 

The efficacy of Norpace, proven in the clinical 
trials and confirmed in the more difficult hospital- 
ized patients, qualifies it for initial therapy in newly 
diagnosed cases of ventricular arrhythmia. Such 
effectiveness was documented during a double- 
blind, multicenter clinical study involving five 
investigators. * 





More favorable side-effects profile 


When compared with quinidine sulfate, Norpace 
is notable for its lower incidence of severe side 
effects. These are mainly anticholinergic in nature, 
are usually mild and generally transient. If urinary 
hesitancy or other genitourinary side effects occur, 
they are often dose related and frequently may be 
managed by downward titration of the dose of 
Norpace. Urinary retention, however, may occa- 
sionally occur, particularly in the older patient. 
Males with benign prostatic hypertrophy are at 
particular risk. 

The lupus-like syndrome often associated with 
procainamide therapy has not been seen with 
Norpace, even after several years of continuous 
Norpace therapy. 


Lower dropout rate than quinidine 


Efficacy of Norpace, coupled with its low inci- 
dence of severe side effects, can mean signifi- 
cantly fewer dropouts among your dysrhythmic 
patients. In a clinical study involving 62 patients in 
each treatment group, only 8.1% of patients dis- 
continued Norpace therapy, as compared with 
35.5% who discontinued quinidine. 


High level of compliance 


Even the best medication may not be taken as 
prescribed if it causes problems for the patient. 
With Norpace you are prescribing not only an 
effective medication, but you are prescribing one 
you can be reasonably confident the patient will 
take in accordance with your instructions. 


Important considerations 
when prescribing 
Norpace (disopyramide phosphate) 


Patients with compromised cardiac function due 
to any cause may experience either hypotension 
or a worsening of cardiac decompensation when 
taking drugs with negative inotropic effects, and 
the physician should be aware of this possibility 
with Norpace. Since Norpace is primarily excreted 
by the kidney, patients with renal impairment will 
require a reduced dosage due to prolongation 
of the effective half-life. 

The dosage of Norpace should be individualized 
for each patient, and the Complete Prescribing 
Information consulted before prescribing. Special 
attention to the sections on Clinical Pharmacology, 
Warnings, and Precautions will be helpful in de- 
termining the proper dosage, particularly for the 
more complex patient. 


Conclusion: Norpace represents a logical choice 
for both initial and maintenance therapy either 
in hospitalized patients or in outpatients. 


Searle Laboratories 
| SEARLE Division of Searle r IE 60680 N Inc. 
EEE | 


| Box 5110, Chicago, IL 60680 


*Data on file, Searle Pharmaceuticals Inc. 


Please see the next page for a brief summary of prescribing information. 
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NOPPace 
(disopyramide phosphate) 


Right from the start 


Before prescribing Norpace {disopyramide phosphate), please consult 
current complete prescribing information, a summary of which follows: 


Indications: Norpace is indicated for suppression and prevention of 
recurrence of the following cardiac arrhythmias when they occur singly 
or in combination: unifocal premature (ectopic) ventricular 
contractions; premature (ectopic) ventricular contractions of multifocal 
origin; paired premature ventricular contractions (couplets); and 
episodes of ventricular tachycardia (persistent ventricular tachycardia 
is ordinarily treated with D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias in both 
digitalized and nondigitalized patients. It is also equally effective in 
treating primary cardiac arrhythmias and those which occur in 
association with organic heart disease including coronary artery 
disease. Oral Norpace has not been adequately studied in patients with 
acute myocardial infarction or in patients with persistent ventricular 
tachycardia or atrial arrhythmias and is not indicated for arrhythmias 
due to digitalis intoxication. The value of antiarrhythmic drugs in 
preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. 


Contraindications: Cardiogenic shock, preexisting second- or third- 
degree AV block (if no pacemeker is present), or known hypersensitivity 
to the drug. 


Warnings: Severe hypotension has been observed primarily in 
patients with primary cardiomyopathy or inadequately compensated 
congestive heart failure. If hypotension develops Norpace should be 
discontinued promptly unless hypotension is due to the arrhythmia. 

Norpace should not be used in the presence of poorly compensated 
or uncompensated congestive heart failure unless it is exacerbated by 
or caused by an arrhythmia and proper treatment including optimal 
digitalization has been accomplished. In patients with marginally 
compensated heart failure or with a history of heart failure, Norpace 
may worsen cardiac decompensation. In these patients, progressing 
congestive heart failure should generally be treated with cardiac 
glycosides and diuretics and the course of treatment closely followed. 
Norpace dosage should be reduced or discontinued if adequate 
contro! of congestive failure is not attained. Patients receiving 
concomitant therapy with more than one antiarrhythmic drug must be 
carefully monitored for serious negative inotropic effects or excessively 
prolonged conduction, evidenced by widening of the QRS complex 
and/or prolongation of the Q-T interval. 

if first-degree heart block develops, the dosage of Norpace should 
be reduced. If the block persists, continuation of Norpace must depend 
upon an assessment of the benefit versus the risk. Development of 
second- or third-degree AV block or uni-, bi- or trifascicular block 
requires discontinuation of Norpace, unless the ventricular rate is 
adequately controlled by a pacemaker. 

Because of its anticholinergic properties, Norpace should not be 
used in patients with glaucoma, myasthenia gravis or urinary retention, 
unless adequate overriding measures are taken. 


Precautions: |f significant widening (greater than 25%) of the QRS 
complex occurs, Norpace should be discontinued. If Q-T prolongation 
greater than 25% occurs and if ectopy continues, monitor closely and 
consider discontinuing Norpace. 

Patients with atrial flutter or fibrillation should be digitalized prior to 
Norpace administration to ensure that drug-induced enhancement of 
AV conduction does allow a ventricular rate beyond physiologically 
acceptable limits. . 

The effect of Norpace is presently uncertain in patients with sick 
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sinus syndrome, Wolft-Parkinson-White syndrome, or bundle branch 
block. 

Patients with myocarditis or other cardiomyopathy may develop 
significant hypotension in response to the usual dosage of Norpace. 

Norpace should be administered cautiously to patients who are 
receiving or who have recently received other antiarrhythmic drugs. 
Excessive widening of the QRS complex and/or prolongation of the Q-T 
interval may occur in such instances. 

Norpace dosage should be reduced in patients with impaired renal or 
hepatic function and the electrocardiogram carefully monitored for 
signs of overdosage. 

Antiarrhythmic drugs may be ineffective in patients with hypokalemia. 
Therefore, any potassium deficit should be corrected before instituting 
Norpace therapy. 

Use in Pregnancy and Lactation: Safe use in pregnancy has not been 
established. Norpace has been reported to stimulate contractions of the 
pregnant uterus. The use of Norpace in pregnant women requires that 
the potential benefit be weighed against possible hazards to the fetus. 

Itis not known whether disopyramide is excreted in human milk. 
However, studies in rats have shown that the concentration of 
disopyramide and its metabolites is up to three’ times greater in milk 
than in plasma. If use of the drug is deemed essential, an alternate 
method of infant feeding should be institutec. 

Labor and Delivery: The effects of Norpace on the fetus during delivery 
or on the course of labor and delivery are unknown. 

Pediatrics: The safety and effectiveness of Norpace in children have 
not been established. 


Adverse Reactions: Anficholinergic: dry mouth, urinary hesitancy, 
constipation, blurred vision, dry nose/eyes/throat, urinary retention. 
Genitourinary: urinary frequency and urgency. Gastrointestinal: nausea, 
pain/bloating/gas, anorexia, diarrhea, vomiting. General: nervousness, 
dizziness, general fatigue/muscle weakness, headache, malaise. 
Cardiovascular: hypotensian, congestive heart failure, cardiac 
conduction disturbances, edema/weight gain, shortness of breath, 
syncope, chest pain. Dermatologic: generalized rash/dermatoses?® The 
following have occurred, but a causal relationship is uncertain: 
impotence, depression, insomnia, dysuria, and hypoglycemia (usually in 
patients with impaired liver function). Acute psychosis, cholestatic 
jaundice, and agranulocytosis, all three reversible, have been reported. 


Dosage and Administration: Dosage must be individualized for each 
patient on the basis of response and tolerance. The usual adult dosage 
is 400 to 800 mg per day given in divided doses four times daily. The 
recommended dosage schedule for most adults is 150 mg every six 
hours. For patients weighing less than 110 pounds (50 kg) the 
recommended dosage is 100 mg every six hours. 

If rapid control of arrhythmia is essential, an initial loading dose of . 
300 mg of Norpace (200 mg for patients weighing less than 110 
pounds) is recommended For patients with cardiomyopathy or possible 
cardiac decompensation, a loading dose should not be given and the 
initial dose limited to 100 mg every six hours, with subsequent dosage 
adjustments made gradually under close monitoring. 

See current complete prescribing information for dosage 
recommendations. 


How Supplied: Capsules containing 100 mg or 150 mg of disopyramide 
base. Available in bottles of 100 and 500 capsules. . 


Searle Laboratories 
SEARLE | Division of Searle Pharmaceuticals Inc. 
Box 5110, Chicago, IL 60680 e 9N2 







ThelL Team: 


for Fluid Therar 
Prescription 







à 01, IL702 and IL186 

team gives you a more com 
picture of cardiopulmonary ce it 
and lets you prescribe fluid therap 
greater confidence. 


1L701 Cardiac Output System 1L186 WEIL ON 
For cardiac output by thermal dilution. For measurement e 
° Offers these advantages: pressure (COP) ` 
e most accurate instrument available Accurate, fast, easy to ope 
e probe senses injectate temperature at catheter The IL186 helps you: 
e completely automated e quantitate risk of pulmonary e¢ 
e 0°C to room temperature injectate e assess fluid balance 
e IL Catheters available: 7F-5F-2F e determine extent of cardiopul 
è predict survival potential 


The IL702 Recorder interfaces with the IL701 or œ prescribe appropriate fluid therapi (crystalli 
IL186 for record-keeping and quality control. vs. colloid) 





































For a demonstration of the IL Team, call IL toll-free: 800 225-4040. 
Or send for literature: 113 Hartwell Avenue, Lexington, MA 02173 
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Si ELACRYN 
ticrynafen š 


Usual Dosage: Once a Day 














<. Important Benefits for Your 
"Hypertensive Patient 


‘Selacryn’ provides: Three desirable clinical effects ina 
single agent—antihypertensive, diuretic, uricosuric; — 
Proven once daily round-the-clock antihypertensive: 
control, helping you provide a simplified regimen; 
Appropriate in primary hypertension regardless of ` 
severity, ‘Selacryn’ is compatible with nondiuretic anti- 
hypertensives; Similar to hydrochlorothiazide in effect- 
on electrolytes, no special replacement measures are | 
ordinarily required; and Effective reduction of uric acid 





levels. 


Prescribe ‘Selacryn’ with Confidence 


in most respects, the type, incidence and severity ` 


of adverse reactions seen with ‘Selacryn’ are 
similar to those seen with thiazides over the 
years. Standard laboratory tests you use to 
monitor the course of thiazide therapy are 
indicated when you prescribe ‘Selacryn’, 
Discontinue Previous Diuretics 

In hypertensive patients, discontinue any pre- 
vious diuretics for three days before instituting 
‘Selacryn’. Where feasible, in patients with 


congestive cardiac failure, discontinue the other ` 


diuretic for one to two days before beginning 
‘Selacryn’. Occasionally, in patients switched 
from other diuretics without a washout period, 
nausea, vomiting, flank pain, azotemia, oliguria 
and, rarely, anuria have been reported. 
Maintain Adequate Fluid Intake and 
Urine Flow with Initial Doses 

For patients switched to ‘Selacryn’ from . 

other diuretics (see above), and for dehy- 
drated patients, hydration is recom- 


*mended for three days before and three 


days after starting ‘Selacryn’. Since 


™ticrynafen sr 





_ initial doses of ‘Selacryn’ produce diuresis as 


well as uricosuria, urinary uric acid coricentra- 
tion does not increase in well- -hydrated patients 
who can increase urine flow. 

Reduce Dosage of Concomitant. 
Anticoagulants 

‘Selacryn’ potentiates oral anticoagulants; use i 
caution when using these drugs together. In such 
patients, reduce the oral anticoagulant:to one- 
quarter or one-half the maintenance dose, 
monitor prothrombin time novel titration until 
stabilized. 

Potassium Supplements Are 

Usually Not Necessary: 

but may be advisable in some patients. Since 
some patients who received ‘Selacryn’ and 
Dyrenium® (brand of triamterene) havé shown 
marked elevation of BUN and creatinine, such 

a combination is not recommended. 


See next page for indications and brief summary 


of prescribing information. l 
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Before prescribing, see complete prescribing information in SK&F litera- 
“ture. The following is a brief summary. 
indications: Hypertension, with or wihout elevated uric acid levels. Salt 
ad water retention states associated with congestive cardiac failure. 
Contraindications: Anuria, severe or progressive renal disease, hypersensi- 
< fivity fo thedrug, known renal uric acid calcul. 
Warnings: Potentiates the action of oral anticoagulants. caution shouid be 
_ exercised when these agents are used with ‘Selacryn” reduce anticoagulant 
"= dosage to h or 5 of the maintenance cose, and carefully monitor prothrombin 
-oime until stabilized. 
_. Concomitant use with iriamterene is not recommended since a marked 
“e@evation d BUN anc creatinine may occur. 
- Notappropriate in hepatic ascites. May precipitate azotemia in progressive 
or advanced renal disease: therefore. frecuent electrolyte, creatinine and 
-BUN determinations should be performed early in therapy and period- 
cally thereafter. Discontinue the drug renal impairment progresses. 
_ Pregnancy Nursing. Selacryr’ crosses the placental barrier in animals. 
: Boutine use of diuretics during normal pregnancy is inappropriate and 
xposes mother and fetus to unnecessary hazard. Use in pregnancy 
uires weighing anticipated benefits against possibie hazards. Gener- 
ly. nursing should not be undertaken while a patientis on a drug. 


‘Precautions: Substantial uricosutia occurs within hours after the first 
“dose of ‘Selacryn’, for this reason, hypertensive patients switching from 
"other diuretics should discontinue ciuretics for 3 days before starting 
- ‘Selacryn’: where feasible, diuretics:should be discontinued for 1to2 
days in patients with congestive cardiac failure. Fluid intake should be 
-increased to approximately 1500 cc. per day for up to 3 days before and 
3 days after initiation of 'Selacryn’ therapy in patients switched to 
-2 Selacryn trom other diuretics and in patients. who may be dehydrated, 
particularly if the patients are hyperuricemic. 
‘Acute attacks of gout may be precipitated: continue Selacryn’ (brand of 
icryraten). colchicine may be added 10 control the acute attack. Observe 
"patients for signs of electrolyte imbalance, Le., hypokalemia, hyponatremia, 
hypochiorernic alkalosis. Periodic determinations of electrolytes to detect 
"possibie imbalance shouid be performed. Concomitant use with cytotoxic 
agents requires caution and individualization of dosage and manage- 
ment Effects on glucose metabolism are similar to those seen with t iazides. 
oo odngalin requirements may be affected: hyperglycemia and glycosuria 
-= mayoccurin patients with latent diabetes. Elevation of BUN and/or serum 
“-gfeatinine can occur during diuretic therapy. 
"Children: Safety and effectiveness in children have not been established. 


_ Drug Interactions: Exercise caution when administering with other highly 
© protein-bound drugs. especially anticoagulants: reduce anticoagulant dose 
otek ori of the maintenance dose and carefully monitor prothrombin 
“Aime-unti stabilized. (See Warnings.) Concomitant use with tramterene is 
<e nol recommended since a marked elevation of BUN and creatinine may 
 eour: 
“The drug causes a decrease in excretion of salicylates and organic 
acids, e.g., oenicilin. Diuretics reduce renal clearance of lithium and increase 
he risk of thium toxicity 
verse Reactions: Adverse reactions seen with ‘Selacryn’ (brand of 
icrynaten}in controlled studies were-approximately the same as those 
geen with rydrochiorothiazide. Except where noted. the following adverse 
“ affects sean with Selacryn’ have been reported in a small number of 
patients, eg., approximately 1 in 100: anorexia, nausea, vomiting. dyspep- 
Sia, cramoing, diarrhea. constipation. headache (approximately 4 in 
400). cizziness/lightheacdedness (approximately 9 in 100), paresthesia, 
somnolence, insomnia, syncope, verigo, orthostatic hypotension, paipi- 
tation, rash, urticaria, pruritus, rare cases of fever and interstitial nephritis 
-“Tiredness/iatique (approximately 4 ir 100), hyperglycemia, glycosuria. 
“oppusele cramps. weakness. bitter taste and dryness in mouth, exacerba- 
tion of gout, renal colic or costovertebral pain. Abnormal liver function 
“jesig-and jaundice have been reported in afew patients. 
Occasionally, patients who received Selacryn’ without a washout period 
(See. Precautions} experienced nausea, vomiting, flank pain, azotemia. 
oliguria and, rarely, anuria: these effects were reversible. 
The following adverse reactions havenot Deen reported to date with 
‘Selacryr’ but have occurred with thiagides or other diuretics: pancreatitis, 
sialadeniti, xanthopsia, purpura, photosensitivity, necrotizing angats. 
Stevens-Jarinson syndrome, respiratory distress, anaphylactic reaction, 
~teukopenia. agranulocytosis, thrombocytopenia, aplastic anemia, restlessness 
sand transient blurred vision. 
Supplied: Light blue. round, scored. monogrammed tablets of 250 mg. in 
— bottles s 100, and in Single Unit Packages of 100 (intended for institutional 
Suse Oniy 
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Brings you up-to-« 





on basic research 


aang MEON DAREOBRO Y 


448 PAGES, 250 ILLUS./1976 


Congestive Heart Failure 


Mechanisms, Evaluation and Treatment 
Dean T. Mason, M.D. 


This rare treatment of such a multifaceted subject provides an unusual op- 
portunity for the busy clinician to add te his knowledge in æ minimum 
amount of time. Any area of immediate interest can be rapidly lacated and 
as much data as needed can be quickly extracted. The concertration on 
improved clinical management will be appreciated by every internist, card- 
iologist, generalist, and any professional involved in cardiovascular 
medicine. 


Dean Mason, President of the American College of Cardiology, has or- 
ganized this monograph within the three areas relevant to an understanding 
of congestive heart failure: mechanisms, evaluation and treatment. Fifty-six 
recognized authorities have been assembled-by Dr. Mason, each contrib- 
uting their expertise to make this book the foremost text covering:the highly 
important and common disorders of abnormal heart function. 


This presentation of recent advances in basic research and clinical 
progress has been highly acclaimed for its major contribution to the im- 
provement of patient care. We invite you to see if you don’t agree. Order 
and take 30 days to look over the book. If you're not totally satisted, return 
it. 


About the author... Dean T. Mason, M.D. 

Professor of Medicine, Professor Physiology, Chief of Cardiovascular Medicine, 
University of California, School of Medicine, Davis. 

President, American College of Cardiology: President, Western Society for Clinical 
Research. 

Member of the American Board of Internal Medicine Cardiovascular Diseases. 

Has authored more than 400 original articles on cardiovascular science and clinical 
cardiology. 

Serves on the editorial boards of The American Journal of Cardiology, The Journal of 
Clinical Investigation, Circulation, Chest, Clinical Pharmacology and Therapeutics, 
Catheterization and Cardiovascular Diagnosis, and Heart and Lung. 

Recipient of Experimental Therapeutics Award in 1973 from the Americas Society of 
Pharmacology and Experimental Therapeutics, the Research Awards in 1965 from 
the American. Therapeutic Society, and the Theedore and Susan B. Cummings 
Humanitarian Awards in 1972, 1973, and 1975 from the U.S. State Department and 
the American College of Cardiology. 


creer ern reer 
YORKE MEDICAL BOOKS 666 Fifth Avenue, N.Y., N.Y. 10019 


Please send me a copy of CONGESTIVE HEART FAILURE for 30 dars free ex- 
amination and use. If | decide to keep-it, your invoice will be honored (£35.00 plus 
shipping cost). Otherwise, the book will be returned for full credit or refund. 
O Full payment enclosed, publisher absorbs shipping cost. 
© Send invoice (U.S. and Canada only} 

Countries outside Western Hemisphere: $40.00 prepaid in U.S. funds. 
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THE START OF A WHOLE NEW TREND 
IN AMBULATORY MONITORING. 





TH TR 


GETTER. 


A DYNAMIC, NEW CARDIOVASCULAR SYSTEM FOR 
IMPROVED PATIENT MANAGEMENT FROM DEL MAR AVIONICS. 


The challenge: greater accuracy, control and flexibility 
in processing Holter Monitoring™ data. The solution: the 
Trendsetter, a dynamic new system that allows abnor- 
malities to be detected and documented with unprece- 
dented speed and specificity. The result: more precise 
and thorough evaluation of cardiac status — for improved 
patient management. 


DETECT ARRHYTHMIAS WITH 
UNPARALLELED ACCURACY. 

The system's Arrhythmia Analyzer is “operator-taught”’ 
to recognize each patient's unique normal and variant 
waveforms, and to compare all subsequent waveforms 
to the learned patterns. The Analyzer then categorizes 
and counts all such waveforms — making arrhythmia 
detection precise and specific for each patient. 





Playback Transpart 


Playback Transport 





EVALUATE AMBULATORY ECG, BLOOD PRES- 
SURE, AND PACEMAKER DATA WITH A SINGLE 
INTEGRATED SYSTEM. 

The Trendsetter learns, examines, tabulates, and for- 
mats reports of data recorded by all Del Mar Avionics 
Electrocardiocorder® models — including the new 
Cartridge recorder. 


= Computerscan™— hourly quantification of heart 
rate, ECG rhythms, ectopy, patterns of occurrence, 
and ST segment level. Includes a comprehensive 
summary report. 

m Pressurescan™— time-correlated systolic/diastolic 
values and heart rate in graphical and tabular formats, 
in addition to a printed summary 











OCG Graphics Printer. 


ALARM 
Om LINE clean «PAPER FEED 


Electrocardiocharter”. 


a Pacerscan™ — hourly quantification of heart rate, total 


e beats, paced beats, and pacemaker failures to capture, 


sense and output. 


REDUCE PROCESSING TIME 
WITH NEW X240 SCANNING SPEED. 
Selectable scan speeds of X240, X120 or X60 provide 

` the operator with a speed-control range to assist in gen- 
erating comprehensive reports rapidly — all with com- 
plete accuracy. Trend records of heart rate and ST seg- 
ment level also include hourly tabulation of ectopy and 
density of occurrence — all automatically printed, without 
operator supervision, in only 6 minutes. 


SELECT REPORT FORMATS TAILORED 

TO YOUR DIAGNOSTIC NEEDS. 

Select the information you require to better manage each 
patient: trend records of heart rate, ST segment level 
and blood pressure; 2-channel ECG documentation; 
hourly tabulations of ECG activity, pacemaker activity, 
and blood pressure; graphic/histographic charts of 
recorded data, or any combination you predetermine. 


PINPOINT ABNORMALITIES 

r FOR EXACT DOCUMENTATION. 
Multiscan Display Scope presents ECG in four different 
modes for examination: 


m Scan Mode — high-speed superimposed scanning 
of two channels of continuous ECG with R-R interval 
bar graph. 


T 
P 


m Slide Mode — frozen real-time ECG display froni i 
both leads of an ll-second window which operator 
can slide through full 180-second memory. 


m Page Mode-— 3 separate real-time ECG displays 
of 60 seconds each from either channel. 


@ Jog Mode -— full 180-second display of continuous 
ECG with continuous write-out capability. 


CORRELATE ABNORMALITIES 

WITH SYMPTOMS AT A GLANCE. 

Data Display Scope presents events initiated by the 
Arrhythmia Analyzer, Pacer Analyzer™ Patient Event 
Button, or the operator— all in time-correlated format. 
High-speed Auto-Search allows the operator to recall 
precise areas of interest as referenced on the 

Display Scope. 


STORE MULTIPLE PATIENT FINDINGS 

WITH INTEGRAL COMPUTER DATA 
STORAGE MODULE. 

Recorded data for up to 30 patients can be stored and 
recalled for subsequent review and formatting. 


USE EITHER REEL-TO-REEL 

OR CARTRIDGE RECORDERS. 

The Trendsetter can handle both. It processes tapes 
from all models of Del Mar Avionics recorders, 
including the new, convenient Cartridge recorder. 
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THE MODEL DCG VII DYNAMIC ELECTROCARDIOSCANNER’ >. 


THE TRENDSETTER. 





1 Playback Transport 
(reel-to-reel) 

2 Playback Transport 
(cartridge)** 


3 ECG Charter 
(Z-fold* or roll) 





THE START OF A WHOLE NEW TREND 
IN AMBULATORY MONITORING. 


4 Report Printer 
(Alphanumeric* or 


Alphanumeric/Graphic**) 


5 Multiscan Display Scope 
5 Arrhythmia Analyzer” 


DEL MAR PPANS 


1601 Alton Avenue at Red Hill, Irvine, CA 927 
Telephone (714) 549-1500 


Telex 63-5621 


7 Recorder Test Module* 
8 Data Display Scope 
9 Pacer Analyzer™* 


10 Blood Pressure Module” 


11 Digital Display 
(heart beats and time 


12 Master Control Panel 
contains controls for 
programming and eting 


13 Patient Recorders 
(all compatible 
with Trendsetter) 


14 Data Storage Module 


-* . 


*Optional 
**Option available mid-1980 
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Myocardial Prostaglandin E Release by Nitroglycerin and Modification | 


_ By Indomethacin 
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In open chest dogs, studies were made of the effects of intravenous 

trinitroglycerin (10 g/kg per min) on circumflex arterial coronary blood 
flow, coronary vascular resistance, systemic arterial pressure and myo- 
cardial prostaglandin E production before and after indomethacin (n = 
9) or indomethacin vehicle (n = 5). During a 30 minute trinitroglycerin 
infusion, coronary sinus prostaglandin E concentration increased signif- 
icantly (approximately +41 percent, p <0.01) without significant changes 

in left atrial prostaglandin E concentration. After indomethacin (5 mg/kg), 
but not indomethacin vehicle alone, a second trinitroglycerin infusion (10 o 
Hg/kg per min) produced a significantly smaller decrease in coronary —__ 
vascular resistance (p <0. 05) and systemic blood pressure {p <0.01) 
and no increase in coronary sinus prostaglandin E (p <0.001) by com- : 
parison with control values. The heart rate response to trinitroglycerin us 
was significantly greater (p <0.05) after than before indomethacin. This 
study suggests that the mechanism of action of trinitroglycerin may be - a 
at least partially mediated through the prostaglandin system. e 














The mechanism of action of trinitroglycerin remains incompletely anio 
derstood despite use of this agent in the management of angina pectoris 
for over a century. Its most prominent pharmacologic response, vaso- 
dilation, has not been clearly related with any known transmitter or 
receptor and therefore is classified as a “direct” effect.! oe 
In recent studies? the coronary vasodilation elicited by some nan _ 
rally occurring substances such as norepinephrine, adenosine triphos 
phate, adenosine diphosphate, bradykinin, angiotensin II and arachi- 3 
donate itself has been shown to be at least partially mediated through __ 
biosynthesis and release of prostaglandin-like substances from the heart, 
generally characterized as prostaglandin E2? but also prostaglandin Ai 
and others. It has been postulated that both prostaglandin E and ~ 
prostaglandin A play a physiologic role in the local regulation of the 
coronary blood flow,®-® but the supportive data have not been found in 
all studies.? S 
Prostaglandins E and A also appear to be involved in the regulation 
of systemic arterial blood pressure.®8!9 In addition, the actions of hy- 
dralazine,!! diuretic drugs such as furosemide!? and spironolactone 
and beta adrenergic blocking agents such as propranolol and pindolol,4 
all have significantly reduced effects when administered after indo- 
methacin, an inhibitor of prostaglandin synthetase.!5 Thus, both en- i 
dogenously released and exogenously administered agents may have _ 
coronary and systemic effects at least partially mediated through the 
prostaglandin system. F 
Because the effects of other vasoactive agents have been linked to 
prostaglandin biosynthesis and some effects of trinitroglycerin differ | 
in vivo and in vitro conditions,!® we examined the role of prostaglandin = 
E in mediating the effects of trinitroglycerin on coronary vascular re- < a 
sistance and systemic blood pressure. a 
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a Methods 


. Surgical preparation: Fourteen mongrel dogs of either 
sex, weighing 20 to 34 kg, were initially anesthetized with in- 
travenous sodium thiamylel, 20 mg/kg body weight, and an- 


<: esthesia was maintained with alpha chloralose. After endo- 


-tracheal intubation the animals were ventilated with room air 
+ using a Harvard respirator. Mean and phasic aortic pressures 
were measured through a-eannula positioned in the aortic arch 
“by way of the left common carotid artery and connected to a 
-Statham P23Db transdueer. Heart rate was measured from 
“othe surface electrocardicgram. A left anterolateral thoracot- 
© omy. was performed in the fifth intercostal space and the heart 
<- suspended in a pericardial cradle. 
-C The left circumflex coronary artery was isolated approxi- 
mately 5 mm below the bifurcation of the left coronary artery, 
-And a cuffed electromagnetic flow probe (Biotronex series 6000 


-> flow probe) was placed around the vessel and connected to a 


_Biotronex model 613 sine wave electromagnetic flowmeter. 
_. Zero blood flow was obtained periodically during the experi- 
- ment by a 5 second oce!usion of the artery distal to the 
“probe. 
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- © FIGURE T. Summary of results in nine experiments examining the ef- 


fects of administration of 10 æg/kg per min of trinitroglycerin (TNG) at 
1§ and 30 minutes on heart rate (HR), mean arterial blood pressure 
(MABP), mean left circumflex arterial blood flow (MCBF) and mean 
circumflex arterial resistance (CR) before and after indomethacin (IND) 


E {5 mg/kg). C#1 and C#2 refer to observations during the first and second 


< -eontrol periods; respectively. Data are expressed as mean values + 
<3, Standard error of the mean. The asterisks refer to the statistical sig- 
-nificance {p <0.05)-of the difference (1) between values during the first 
infusion of nitroglycerin (TNG #7) versus those during the first control 


<= period, (2) values after indomethacin versus those during the second 


control period, and (3) values in the second control period versus those 
after the second infusion of rftroglycerin {TNG #2). 


. 


Systemic pressure, mean circumflex coronary blood flow 
and the electrocardiogram were recorded on a multichannel 
polygraph (Gould Brush 200). Mean coronary resistance was 
calculated according to the formula: Resistanee (units) = 
Mean aortic pressure (mm Hg)/Mean coronary bleod flow 
(ml/min). 

Catheters were placed in the left atrium and coronary sinus 
for blood samples, and the left external jugular vein was 
cannulated for drug injections. 

Experimental design: In nine dogs, after a 15 minute 
stabilization period, control measurements were made, at 0 
time and at 15 minutes, of systemic arterial pressure, coronary 
blood flow, heart rate and left atrial and coronary sinus 
prostaglandin concentration. Trinitroglycerin, 10 g/kg per 
min, was then infused intravenously for 30 minutes (1.1 
ml/min). During the infusion, left atrial and coronary sinus 
blood samples for measurement of prostaglandin E were ob- 
tained at 15 and 30 minutes. The trinitroglycerin infusion was 
stopped after 30 minutes, a 1 hour recovery period was per- 
mitted, and then blood samples were obtained for measure- 
ment of left atrial and coronary sinus prostaglandin E. 
Thereafter indomethacin (5 mg/kg) was infused intravenously 
over a 10 minute period, and 30 minutes later, the trinitro- 
glycerin infusion (10 «g/kg per min) was repeated for 30 
minutes. Hemodynamic measurements and left atrial and 
coronary sinus blood samples for prostaglandin E were again 
obtained at 15 and 30 minutes during the second trinitrogly- 
cerin infusion. In five control dogs, the same protocol was 
followed, except that indomethacin vehicle (see later) was 
used. 

Prostaglandin measurement: Left atrial and coronary 
sinus blood samples were immediately placed into chilled 
tubes containing 15 ug of indomethacin and centrifuged at 
3,000 rpm for 10 minutes. The plasma was carefully separated 
and placed in glass tubes and stored at —20° C until analysis. 
After extraction of the acidified plasma with ethylacetate, 
prostaglandin E concentration was determined by a modi- 
fied!7 radioimmunoassay method,!® Although the antibody 
was prepared using prostaglandin Ee, it demonstrated a high 
cross-reactivity in prostaglandin E, (131 percent), but less 
than 1 percent against other prostaglandins tested. Therefore, 
the results are expressed as total prostaglandin E concentra- 
tion (pg/ml). This method provided a coefficient of variation 
of less than 10 percent within an assay, and less than 15 per- 
cent between repeated assays on the same samples. 

Drugs: Trinitroglycerin solution. was prepared by dissolving 
crushed sublingual tablets in saline solution. Indomethacin 
solution (7.5 mg/ml} was prepared by adding a warm solution 
(50° C) of 300 mg sodium bicarbonate in 30 ml 0.9 percent 
sodium chloride solution to 300 mg indomethacin dissolved 
in 10 ml of 90 percent ethanol. 

Statistical analysis: The paired Student’s t test was ap- 
plied to the hemodynamic values and a two-way analysis of 
variance for the prostaglandin E data. Results were expressed 
as the mean + standard error of the mean. Statistical signifi- 
cance was accepted if p >0.05. 


Results 


First trinitroglycerin infusion: Compared with 
control measurements (Fig. 1) at 15 and 30 minutes, the 
first intravenous trinitroglycerin infusion (10 ug/kg per 
min) produced significant decreases in systemic mean 
arterial pressure (from 129 + 2.5 to 102 + 3mm Hg at 
30 min, p <0.001), mean circumflex blood flow (from 
60.5 + 1.5 to 51.5 1.6 ml/min at 30 min, p < 0.01) and 
mean circumflex arterial resistance (from 2.19 + 0.9 to 
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1'85 + 0.11 units at 30 minutes, p <0.01). These re- 
sponses were associated with a significant rise in both 
heart rate (from 150.5 + 6.6 to 166 + 5.1 beats/min at 
30 minutes, p <0.01) and coronary sinus prostaglandin 
E concentration (from 410 + 50 to 524 + 80 pg/ml at 30 
minutes, p <0.05) without a significant rise in left atrial 
prostaglandin E (Fig. 2). This resulted in a significant 
increase in the coronary sinus left atrial difference (from 
+60 + 30 to +160 + 52 pg/ml at 30 minutes, p <0.01). 
One hour after discontinuation of the trinitroglycerin 
infusion, hemodynamic and prostaglandin E values had 
returned to values close to those of control period 1 (Fig. 
land 2). 

Indomethacin infusion: Thirty minutes after the 
start of the indomethacin infusion (5 mg/kg), there was 
a significant increase in systemic mean arterial pressure 
(142 + 6 versus 132.5 + 7 mm Hg, p <0.05) and a de- 
crease in heart rate (155 + 10 versus 142 + 10 beats/min, 
p <0.05) compared with values in control period 2 (Fig. 

1). The mean circumflex arterial resistance was also 
-* higher (2.18 + 0.12 versus 2.28 £0.11 units p <0.05), 
_ © whereas coronary sinus prostaglandin E concentration 
_ decreased (490 + 75 versus 335 + 31 pg/ml, p <0.001) 
= to produce a negative coronary sinus-left atrial differ- 
ence (112 + 42 versus —85 + 33 pg/ml, p <0.001) when 
-= compared with values in control period 2. 

_ Second trinitroglycerin infusion: During the sec- 
ond trinitroglycerin infusion and compared with in- 
domethacin (Fig. 1) there was a significant decrease in 
systemic mean arterial pressure (to 125.5 + 6.5 mm Hg, 

p <0.01) and mean circumflex coronary arterial resis- 
tance (to 2.16 + 0.13 units, p <0.05). However, after 
indomethacin, the second trinitroglycerin infusion 
produced a significantly smaller decrease in both mean 
systemic arterial pressure (—15 + 7 versus —27 + 4mm 
Hg, p <0.01) and mean circumflex arterial resistance 
(—0.7 + 0.2 versus —1.4 + 0.1 units, p <0.05) compared 
with values in the first trinitroglycerin infusion. In ad- 
dition, the absolute values achieved at 30 minutes 
during the first infusion were significantly higher than 
those observed during the second infusion for both 
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FIGURE 2. Prostaglandin E (PGE) concentrations in the coronary sinus 

(CS) and left atrium (LA) in the nine experiments shown in Figure 1. The 

_ asterisks refer to the statistical significance when the coronary sinus-left 

atrial differences were compared with values in the first and second 
“eontrol periods. Abbreviations as in Figure 1. 
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systemic pressure (125 + 6.5 versus 102 + 3mm Hg,p | 
<0.001) and circumflex arterial resistance (2.2 + 0. 1 - 
versus 1.9 + 0.1 units, p <0.01). Ae 

The mean heart rate response to the first trinitro- — 
glycerin infusion at 30 minutes (166.5 + 5.1 beats/min) 
was not significantly different from that observed atthe 
same time during the second infusion (167 + 7 beats 
min). However, the change in heart rate was signifi- — 
cantly greater (p <0.01) when the response at 30 min- 
utes from control for the first trinitroglycerin infusion _ 
(+16 + 6 beats/min) was compared with the response _ 
during the second infusion (+25 + 7 beats/min) 30 
minutes after indomethacin. - 

Control infusion: During the five control experi- - 
ments with the indomethacin vehicle, no significant 2 
differences were observed in either the hemodynamic 
responses (Fig. 3) or left atrial and coronary sinus 
prostaglandin E levels (Fig. 4) when values during the 
first and second trinitroglycerin infusions were cóm- 
pared. 























Discussion 


This study demonstrates that during an intravenous _ 
infusion of trinitroglycerin there was a significant in- __ 
crease in myocardial prostaglandin E production asso- 
ciated with the expected fall in systemic blood pressure __ 
and decrease in coronary vascular resistance. With at 
least partial inhibition of myocardial prostaglandin E 
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FIGURE 3. Results in the five experiments in which indomethacin’ Ve- 2 
hicle (VEH) was used. Trinitroglycerin (TNG) produced similar responses ~ 
during both infusions. Format and abbreviations as in Figure 1. 
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FIGURE 4. Changes in prostaglandin E (PGE) levels in five control ex- 
‘periments in which indomethacin vehicle (VEH) was used. Format and 
‘abbreviations as in Figure 2. 


= production after indomethacin (Fig. 2), there was a 
significantly lesser reduction (p <0.05) in coronary 
- vascular resistance and systemic blood pressure during 
the second trinitroglycerin infusion. When the indo- 
-“methacin vehicle was substituted (Fig. 3), the hemo- 
dynamic responses were unaltered and prostaglandin 
E levels again increased with the second trinitroglycerin 
infusion (Fig. 4). These data suggest that trinitrogly- 
< eerin may have its mechanism of action at least partially 
- mediated through the prostaglandin system. 
_. Responses of various prostaglandins to nitro- 
__ glycerin: vasodilation versus vasoconstriction: The 
radioimmunoassay! “-!8 used in our study does not per- 
-mit differentiation between prostaglandin E and Ep. 
= Both of these prostaglandins produce changes in coro- 
nary vascular resistance, although in most studies!9-21 
_- prostaglandin E; is more potent in production of vaso- 
dilation and in several animal species prostaglandin Es 
-may actually produce coronary vasoconstriction. It is 
also possible that other prostaglandins were elaborated 
in response to the trinitroglycerin infusion. Some of 
these, particularly prostacyclin (PGI), appear to be 
- much more potent than prostaglandin E; in producing 
-- -wasodilation,2! whereas others such as thromboxane are 
_- more potent in producing vasoconstriction. Thus, the 
- ~ebserved increase in prostaglandin E after trinitrogly- 
= cerin may have reflected a balance between prosta- 
 glandins producing vasodilation and vasoconstriction. 
Although prostacyclin is a much more potent vasodi- 
_.lator than prostaglandins E; and Ez and may be in- 
_ volved asthe major intrinsic prostaglandin that regulates 
-local vascular tone, a pharmacologic agent such as 
< trinitroglycerin could selectively enhance prostaglandin 
<E to produce vasodilation without increasing prosta- 
-°-eyclin or other prostaglandins. This possibility is given 
support by recent observations from our laboratory” 
that demonstrated that isosorbide dinitrate produced 
an increase in prostaglandin E with no change in pros- 
taglandin F. 








Mechanism of interaction between trinitrogly- 
cerin and the prostaglandin system: The mechanism 
cannot be clearly defined from this study alone. The 
increase in coronary sinus prostaglandin E may repre- 
sent de novo biosynthesis because others”? have found 
that prostaglandins are not stored. It is possible that 
trinitroglycerin partially inhibited prostaglandin E (or 
other prostaglandin) metabolic inactivation. However, 
our data suggest that if inhibition of metabolism oc- 
curred it was at sites other than the lung because the left 
atrial prostaglandin E concentration did not increase 
significantly after infusion of trinitroglycerin (Fig. 2). 

Prostaglandin inhibition by indomethacin: After 
indomethacin, there was a significant increase in sys- 
temic pressure with a presumed reflex reduction in 
control heart rate (Fig. 2). Similar results after indo- 
methacin were observed in other studies2? and these 
changes may represent suppression of basal levels of 
prostaglandins as observed in the left atrial prosta- 
glandin E concentrations in our study. The heart rate 
response to the second trinitroglycerin infusion was not 
reduced despite a lesser decrease in systemic blood 
pressure. In fact, the change in heart rate was signifi- 
cantly greater when comparing the increase observed 
in control period 1 during the first trinitroglycerin 
infusion with the increase noted in control period 2 
during the second trinitroglycerin infusion. Other 
studies? have demonstrated that prostaglandin may 
play a modulating role in release of neurotransmitter 
stores and perhaps prostaglandin inhibition permitted 
an exaggerated heart rate response to any reduction in 
systemic blood pressure. 

Implications of study: Although our animal mocel 
was nonischemic by experimental design, consideration 
should be given to the possibility that the reduction in 
blood pressure produced by trinitroglycerin induced 
ischemia and subsequent prostaglandin release. Al- 
though our data do not exclude this possibility, the 
hypothesis is unlikely because the changes in blood 
pressure were not extreme, the standard electrocardi- 
ogram (lead IT) showed no evidence of ischemia and the 
appearance of the heart did not change during the 
trinitroglycerin infusion. Furthermore, data from other 
studies?> in which trinitroglycerin was used during 
coronary occlusion suggest that ischemia is reduced. Use 
of the anesthetized open chest dog in our study may 
have artificially altered responses to pharmacologic 
agents. Future studies should reexamine this response 
in unanesthetized intact animals and evaluate the role 
of other prostaglandins (especially prostacyclin) as these 
assays become available. In addition, the animal data 
require confirmation in human subjects because pros- 
taglandin responses may vary greatly between species. 
We believe that our study provides preliminary evi- 
dence that trinitroglycerin and possibly other organic - 
nitrates?? may have their mechanism of action me- 
diated, in part, through the prostaglandin system. 
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Although thallium-201 is known to redistribute slowly into regions of 
ischemic myocardium after restoration of blood flow, it is not clear to what 
extent normalization of flow isan essential requirement for the redistri- 
bution process. In a search for a flow-independent component of thallium 
redistribution, 12 dogs with stenosis of the circumflex coronary artery 
underwent atrial pacing for either 20 minutes (group 1, 6 dogs) or 2 hours 
(group ll, 6 dogs). Radioactive thallium and radioactive microspheres, 
7 to 10 u, were injected after 10 minutes of atrial pacing in both groups. 
Pacing resulted in a 40 percent reduction in subendocardial blood flow 
to the circumflex-perfused myocardium in both groups | and Il. This relative 
reduction in flow was maintained at a stable level over the 2 hour pacing 
period in group il. Thallium activity in the relatively ischemic zone was 
significantly greater in dogs with 2 hours of pacing (group IH) than in those 
with 10 minutes of pacing (group |). Redistribution of thallium occurred 
despite the continued presence of reduced flow in circumflex-perfused 
endocardial tissue. These data suggest that a significant component of 
thallium redistribution may be flow-independent. 


The radioisotope thallium-201 is a useful agent for determining the 
distribution of myocardial blood flow noninvasively with use of the ` 
gamma camera.' Stress testing with thallium injected at the peak of 
exercise allows detection of underperfused myocardial segments fed by 
stenotic coronary arteries.” It has been observed" that myocardial seg- 
ments exhibiting relatively reduced thallium activity immediately after 
stress testing often are seen to obliterate on repeat imaging performed 
hours later. This “redistribution” phenomenon is thought to refleet the 
equilibration of myccardial blood flow between transiently ischemic and 
nonischemic myocardial segments occurring in the postexercise period? 
This equilibration would not be expected to occur between normal and 
scarred myocardial segments, suggesting that thallium redistribution 
might allow the differentiation of reversibly ischemic from irreversibly 
infarcted myocardium.” 

The mechanism of thallium redistribution is incompletely understood. 
Myocardial thallium concentration early after injection of the isotope 
is dependent to a large extent on myocardial blood flow.*-* However, it 
is less clear to what extent factors other than blood flow might affect 
regional thallium concentration measured hours after injection. In this 
study we examined the relation between thallium distribution and re- 
gional myocardial blood flow in dogs after 2 hours of continuous myo- 
cardial ischemia to test the hypothesis that thallium redistribution into 
an ischemic region may not-depend solely on restoration of blood flow. 
The data suggest that a significant component of thallium redistribution 
may be flow-independent. 
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Methods 


Experimental procedure: Twelve mongrel dogs (20 to 25 
kg} were anesthetized with sodium pentobarbital (20 mg/kg 
~~ bodyweight). A left thoracotomy was performed and the heart 

~. suspended in a pericardial cradle. The left circumflex coronary 
artery was dissected free and an electromagnetic flow probe 
(Biotronix) placed around it. A variable screw occluder was 


~~ placed around the circumflex coronary artery just distal to the 


flow probe (Fig. 1). A catheter was placed in the left atrium 
for the injection of radioactive microspheres. Catheters were 
placed in both femoral arteries for withdrawal of blood sam- 
ples during microsphere injection and for monitoring arterial 
blood pressure. Microspheres, (7 to 10 u diameter, labeled with 
either niobium-95 or scandium-46) were used to determine 
myocardial blood flow. 
Protocol: Two different protocols were used, with six dogs 
imeach (Fig. 2). In all 12 dogs the variable occluder was ad- 
justed just enough to abolish the reactive hyperemic response 
te a 10 second occlusion of the left circumflex coronary artery. 
The-dogs then underwent pacing, with use of an atrial elec- 
trode, to a heart rate of approximately 220 beats/min. After 
1): minutes of pacing an injection of 3 X 10° radioactive mi- 
; crospheres was made and followed immediately by an injec- 
tion of 200 pCi of thallium-201. In 6 of these 12 dogs (group 
1) atrial pacing was maintained for an additional 10 minute 
- period, after which the heart was excised. In the remaining six 
-dogs (group II) atrial pacing was maintained for an additional 





: - _ 2 hours after thallium injection before a second injection of 
microspheres was made and the heart was excised. 


_ -Jast before excision of the hearts methylene blue was in- 
jected into the left circumflex coronary artery near the site of 
stenosis. This injection allowed the left ventricular free wall 
to be divided into a stained circumflex-perfused ischemic zone 
and an unstained nonischemic zone perfused by the left an- 
terior descending coronary artery. Multiple transmural 
samples (range 2 to 5 g) were taken from the ischemic and 
nonischemic zones as well as from the border zone formed by 
the boundary between stained and unstained myocardium. 
These samples were then cut into endocardial and epicardial 
halves. The activity levels of each tissue sample were deter- 
mined in a well scintillation counter. The relative activity 
levels per gram of myocardium contributed by thallium-201, 
niobium-95 and scandium-46 were determined with computer 
techniques. 
<: Analysis of the data: First, in both groups I and II, the 
thallium and microsphere activity levels of samples taken 
from ischemic and border zone myocardium were normalized 
by dividing these values by the corresponding mean non- 
ischemic zone activity levels. Second, the normalized ischemic 
zone microsphere activity levels of samples taken from groups 
Land H after 10 minutes of pacing were compared using the 
unpaired t test. Then, in group IL, the normalized microsphere 
activity levels of ischemic and border zone samples obtained 
after 10 minutes of pacing were compared with the narmalized 
activity levels after 2 hours of pacing using the paired ¢ test. 
Finally, the relation between normalized thallium activity and 
nermalized microsphere activity was determined for ischemic 
and border zone samples within each group and the two groups 
were compared. Individual samples were grouped according 
‘te their normalized microsphere activity measured after 10 
minutes of pacing (0.0 to 0.39, 0.4 to 0.59, 0.6 to 0.79 and 0.8 
- to 1.0) and average normalized thallium activity levels were 
< computed for each microsphere range. The four mean thalli- 
ùm activity levels in group I (10 minutes of pacing) were 


a . compared with the respective mean activity levels in group 


TI (2 hours of pacing) using the unpaired t test. 
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FIGURE 1. Diagram of experimental preparation showing variable 


constrictor placed around the left circumflex coronary artery (cor.a) = 


and the pacing wire attached to the left atrium. Ant. desc. = anterior. 
descending; Ao. = aorta; L.A. = left atrium; P.A. = pulmonary artery; a 
R.A. = right atrium; R.V. = right ventricle. cy 


Results 
Heart rate and blood pressure: A total of 12 dogs 


were studied with 6 dogs in each group. The data are 


expressed as mean + standard error of the mean. Atrial 
pacing increased heart rate from 144 + 10 to 21546 
beats/min in group I and from 156 + 5 to 223 +3 
beats/min in group II. In group I pacing was associated 
with an increase in mean left atrial pressure from 5+: 
1.7 to 9 + 3 mm Hg (p [probability] <0.05) and a slight 
decrease in mean arterial blood pressure from 111 +8- 


to 108 + 14 mm Hg (NS [not significant]). In group IE 


mean left atrial pressure increased from 4 + 2.0 to 13 + 
2 mm Hg (p <0.05) and mean arterial pressure de- 
creased from 119 + 9 to 110 + 10 mm Hg (NS). 
Endocardial and epicardial flow in nonischemic.__ 
zone: During pacing, the mean endocardial flow inthe 
nonischemic zone in group I was 135 + 29 ml/min per — 
100 g and the mean epicardial flow 131 + 38 ml/min per _- 
100 g. In group IT the mean endocardial flow in the. 
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(N=6) 
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FIGURE 2. Diagram of protocol used in dogs in groups land H. Cire = 
left circumflex coronary artery. 
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“FIGURE 3. Mean normalized endocardial bicod flows (MBF) in ischemic 
and border zones, measured after 10 minutes and 2 hours of pacing, 
_.-in-dogs in groups | and If. in group li reduction in flow in the ischemic 

-u zone persisted throughout the 2 hour pacing period. 


_ nonischemic zone was 155 + 40 ml/min per 100 g and 
-the mean epicardial flow 154 + 36 ml/min per 100 g after 
10 minutes of pacing. The differences between groups 
- Land H at 10 minutes were not statistically significant. 
-After 2 hours of pacing, the mean endocardial flow in 
the nonischemic zone decreased in group H to 117 + 21 
ml/min per 100 g and the mean epicardial flow to 122 
+18 ml/min per 100 g; neither change was statistically 
-: signifieant (t = 1.804 and 1.267, respectively, with 5 df 
`- [degrees of freedom)). 
_.. Endocardial and epicardial flow in ischemic 
_ zone: During atrial pacing, relative endocardial flow was 
reduced in the central ischemic zone to 0.39 + 0.07 in 


group Į and to 0.40 + 0.06 in group II compared with 


flow in the nonischemic zone (Fig. 3). In the border 
zones, relative endocardial flow was 0.70 + 0.06 in group 


-< Land 0.59 + 0.09 in group II. Epicardial blood flow in 


the ischemic and nonischemic zones in groups I and H 
was not significantly different during pacing (Fig. 4). 


-© Thus, atrial pacing for 10 minutes in the presence of a 
_ flow-limiting coronary stenosis produced a predomi- 


_ nantly endocardial reduction in blood flow with little 
change occurring in epicardial flow. The reduction in 
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FIGURE 4. Mean normalized epicardial blood flows (MBF) in ischemic 
‘and border zones, measured after 19 minutes and 2 hours of pacing, 
-in groups | and Il dogs. Note that pacing had similar effects on epicardial 
~-flow in both the ischemic and the nonischemic zones. 
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flow with pacing relative to flow levels in the nonisth- 
emic zone were comparable in groups I and H. 

In group II, the mean normalized endocardial flow in 
the ischemic zone measured after 10 minutes of pacing 
(0.40 + 0.06) did not differ from the flow measured at 
2 hours (0.44 + 0.09) (p >0.05). Similarly, normalized 
endocardial flow in the border zone at 10 minutes (0.59 
+ 0.09) was comparable to the flow after 2 hours of 
pacing (0.63 + 0.08) (p >0.05). Relative epicardial flows 
in ischemic and border zone myocardium also did not 
change significantly over the 2 hour period of pacing. 
In absolute terms, because flow in the nonischemic zone 
decreased slightly over the 2 hour period (NS), absolute 
flows to the endocardial and epicardial halves of the 
ischemic and border zones also decreased slightly in a 
proportional manner (NS). 

Thallium activity versus blood flow: The mean 
normalized thallium activity levels obtained by 
grouping the individual activity levels of samples with 
similar normalized flows after 10 minutes of pacing were 
significantly greater in dogs in group II with 2 hours of 
pacing than in dogs in group I with 10 minutes of pacing 
(Fig. 5). For the flow range of 0.0 to 0.39 (mean flow 0.25 
+ 0.02) the mean normalized thallium activity was 0.50 
+ 0.07 in group II compared with 0.33 + 0.03 in group 
T {p <0.05). Over the range of 0.4 to 0.59 (mean flow 0.50 
+ 0.03) the mean thallium activity was 0.76 + 0.05 in 
group II compared with 0.62 + 0.03 in group I (p <0.05). 
Over the range of 0.6 to 0.79 (mean flow 0.70 + 0.01) the 
thallium activity was 0.86 + 0.02 in group II compared 
with 0.77 + 0.02 in group I (p <0.05). The mean nor- 
malized thallium activity levels over the flow range of 
0.8 to 1.0 in group H (0.92 + 0.02) were not significantly 
different from those in group I (0.92 + 0.02). 


Discussion 


Thallium concentration and clearance as a 
marker for regional myocardial blood flow: The 
rational use of a radioisotope as an indicator of organ 
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FIGURE 5. Mean normalized thallium concentrations measured after 
10 minutes of pacing in group | compared.with concentrations measured 
after 2 hours of pacing in group IL The thallium activity levels measured 
after 2 hours of pacing (group ll) were significantly greater over the 
myocardial blood flow (MBF) ranges selected than the activity levels 
measured after 10 minutes of pacing (group 1) * = p <0.05. 









blood flow depends on a clear understanding of the 

factors determining the tissue concentration of the 
_isetope as a function of time. When the extraction 
fraction of an isotope (defined as the difference between 
. the arterial and venous concentrations divided by the 
arterial concentration) is constant over a range of flows, 
the clearance (the product of blood flow and extraction 
fraction) is directly proportional to flow. An isotope 
with flow-limited clearance would thus be ideal for 


a monitoring regional blood flow because tissue uptake 
“over time would be directly proportional to flow. The 


extraction fraction of thallium, based on monitoring the 
single passage of a bolus dose of the isotope through 
myocardium, appears to be close to 90 percent over a 
physiologic range of blood flows.* On the basis of these 
first pass properties of thallium the isotope has been 
accepted as a reasonable noninvasive marker for re- 
gional myocardial blood flow. 

Thallium redistribution: There are fewer data 
< available concerning the changes in thallium concen- 
“tration in myocardium over significant time intervals 
alter injection of the bolus dose. It seems reasonable to 
assume that. myocardial thallium concentration over 


time after injection is a complex function of the first 


“pass uptake of the isotope, the rate of tissue washout 
and the effects of long-term exposure of myocardial 

“segments to residual low concentrations of recirculating 
thallium and to changes i in flow over time. The redis- 
tribution of thallium in the recovery period after exer- 
cise is currently believed to be due primarily to a relative 
inerease in thallium uptake by previously ischemic 
myocardium compared with nonischemic myocar- 
dium.®7 This interpretation of thallium redistribution 
places the major emphasis on equilibration of myocar- 
dial blood flow as the primary mechanism of redistri- 
bution. 

A dog preparation employing atrial pacing in the 
presence of a fixed coronary stenosis was used in this 
study as a model of exercise-induced angina pectoris in 
patients with coronary atherosclerosis. Pacing in the 
presence of a left circumflex arterial stenosis produced 
a predominantly. subendocardial reduction in blood flow 
~ to levels 50 percent below the level of flow in the non- 
ischemic zone. Epicardial flow in the ischemic zone 
during pacing was similar to flow in the nonischemic 
zone. These flow distributions contrast sharply with the 
changes i in flow produced by ligation in which epicardial 
flow can drop to levels less than 20 percent of flow values 
in the nonischemic zone and endocardial flow to levels 
less than 10 percent of these values.3 Thus, pacing in the 
presence of left circumflex arterial stenosis produced 
a significant mass of myocardium with a less drastic 
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reduction in blood flow compared with that produced 
by coronafy ligation. In the presence of this milder re- 
duction in flow our data indicate that a considerable _ 
degree of thallium redistribution can occur over a2 hour 
period even when inequality of flow between the isch- 
emic and nonischemic zone is maintained. This suggests _ 
the presence of a significant flow-independent compo- 
nent of thallium redistribution. 

Mechanism of flow-independent redistribution © 
of thallium: The exact mechanism responsible for this 
flow-independent redistribution of thallium cannot be- 
determined from our data. The findings only suggest, 
as others have noted, that in the presence of a pre- 
dominantly subendocardial reduction in flow a con- = 
siderable degree of redistribution can occur in the ab- _ 
sence of equilibration of flow between the ischemic and _ 
nonischemic zones.5° It is possible that the lesser re- 
duction in flow noted with stenosis compared with i- 
gation may interfere less with energy-requiring pros — 
cesses involved in the active transport of thallium and. 
also would allow the ischemic zone to be exposed to 
more recirculating residual thallium over time. These 
effects would tend to obliterate the first pass inequality 
of thallium uptake between the ischemic and nonigch- 
emic zones over time and suggest that thallium is res- 
distributed in proportion to the mass of ischemic tissue. - 
or to the number of active transport sites in the ischemie 
zone. : 

Clinical implications: It is unclear whether our re- a 





sults are directly applicable to clinical thallium secin- __ 


tigraphic studies during exercise. Although our animal 
model was chosen to simulate changes in myocardial 

blood flow during exercise, we maintained these changes 
constant over 2 hours to allow identification of a flow- 
independent contribution to thallium redistribution, - 
whereas in patients flow is believed to return quickly to. © 
baseline levels after exercise is completed. A flow-de- = 
pendent type of redistribution might therefore pre- 
dominate after exercise in human subjects. However, 
it has recently been shown® that redistribution into i 
myocardial segments with initially low thallium uptake 
occurs in some patients at rest, suggesting that a flow- 
independent process may be important in human © 


subjects under other circumstances. Further study is 


necessary to clarify those factors other than myocardial 
blood flow that are important components of the re- 
distribution process. 
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» METHODS 





Assessment of Right Ventricular Function at Rest and During 
_ Exercise in Patients with Coronary Heart Disease: 
~ A New Approach Using Equilibrium Radionuclide Angiography 










- ROBERT SLUTSKY, MD To evaluate a new method of calculating right ventricular ejection fraction 


WAYNE. HOOPER, MD by equilibrium radionuclide angiography and to assess its response during 


- KENNETH GERBER, MD supine bicycle exercise, 20 normal persons and 50 patients with angio- 
ALEXANDER BATTLER, MD graphically documented coronary artery disease were studied. Each _ 
ae oon tee FAGE subject underwent a resting equilibrium and first pass right ventricular 
JOEL KARLINER MD FACC study as well as symptom-limited graded bicycle exercise while supine. 
= D The correlation between the two methods in all 70 cases was good (r= __ 
San Diego, California 0.81). Inter- and intraobserver variability was small (3.9 ejection fraction __ 
oe units or less) and serial reproducibility (two studies performed. 2 weeks __ 
apart) was also good (4 ejection fraction units or less). There was ‘no 
difference in the right ventricular ejection fraction at rest when normal _ . 
subjects and patients with coronary disease were compared (0.49 +0.10. __ 
versus 0.46 + 0.08). Ejection fraction increased with exercise in normal __ 
subjects (0.49 + 0.10 to 0.64 + 0.12, p <0.005). As a group, patients with 
right coronary stenosis (alone or in combination with other lesions) __ 
showed no change in ejection fraction with exercise (0.46 + 0.1310 0.45 
+ 0.12); and ejection fraction increased with exercise in patients with _ 
coronary disease without right coronary stenosis (0.46 + 0.08100.53 + 
0.11, p <0.05). Among patients with both significant right and left coronary 
artery disease more severe right ventricular dysfunction during exercise. 7 
was seen in the presence of more severe left ventricular dysfunction. It __ 
is concluded that during exercise the right ventricle shows dysfunction 
caused in part by local ischemia as well as by altered loading conditions 
due to left ventricular dysfunction. Equilibrium angiography is a useful and 
reliable method for evaluating right ventricular function in man. E 














a Recently it has become apparent that a small proportion of patients with: 
coronary heart disease exhibit a normal increase in left ventricular _ 
ejection fraction during maximal bicycle exercise as assessed by radio-. 
nuclide angiocardiography.!2 Because it is possible that ischemic dys- 
From the Division of Cardiology, Pulmonary Dis- function during exercise stress in these patients involves the right rather _ 
ease and Nuclear Medicine, University of Cali- than the left ventricle, several investigators®* evaluated right ventricular 
fornia, San Diego, San Diego, California. This work function during bicycle exercise by equilibrium and first pass radionu: 


was supported by Specialized Center of Research : : N 7 os spe oh. 
On ischemic Hedrt Disease, Resoarch Grant H- clide techniques. They found that many subjects with significant ob 









-7 +17682 awarded by the National Heart, Lung and structive lesions of the right coronary artery showed abnormal right . 
. Blood Institute, National institutes of Health, Be- ventricular function during exercise as assessed by the right ventricular _ 
__. thesda, Maryland. Manuscript received June 26, ejection fraction. To expand these observations in a larger series of pa- | 

- 1979; revised manuscript received August 15, tients and to validate a new method for estimating right ventricular _ 
1979, accepted August 29, 1979: ejection fraction by equilibrium radionuclide angiography, we evaluated _| 


- Address for reprints: Robert Slutsky, MD, Uni- , : , i | 
‘versity Hospital, stat ee a 225 20 normal subjects and 50 patients with coronary heart disease docu- 


ae Dickinson Street, San Diego, California 92103. mented by contrast angiography. 
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Methods 


Patient Groups 


Group I (20 normal subjects): This group comprised 16 
men and 4 women ranging in age from 24 to 52 years (mean 
+ standard error of the mean 38 + 6). Five of these patients 
had normal findings on contrast ventriculography and coro- 
nary angiography when they were studied for complaints of 
atypical chest pain. The other 15 were normal volunteers and 
met the following criteria for inclusion in the study: (1) normal 
clinical examination; (2) normal resting and exercise elec- 
trocardiogram; (3) no history of hypertension, diabetes or lipid 
abnormalities; (4) absence of medications and symptomatic 
complaints; and (5) a normal chest radiograph. 

Groups II to V (50 patients with angiographically 
documented coronary heart disease): These patients were 
studied for complaints of chest pain and included 36 men and 
14 women with an age range of 31 to 72 years (mean 46.5 + 10). 
Four patients were taking digoxin daily at the time of study 
for treatment of chronic congestive heart failure. Thirteen 
patients had had well documented prior myocardial infarction, 
defined by a history of prolonged chest pain in the setting of 
typical serum enzymatic (creatine kinase MB, serum glutamic 
oxaloacetic transaminase and lactic dehydrogenase) and 
electrocardiographic evolutionary changes. Contrast angio- 
grams were performed either preoperatively or for the diag- 
nesis and characterization of the severity of coronary artery 
disease. 

To be included in the study these patients had to meet the 
following criteria: (1) at least one major coronary arterial 
obstruction with 70 percent or greater intraluminal narrowing; 
(2) no evidence of valvular heart disease or intracardiac 
shunts; (3) no recent (within 1 week) use of propranolol, 





260 
a a 
240 ‘ vi 
568 ah, ‘ 
180 er 
2195 oe ne lie 
2120 a emer EA 
> 100 f pi i A 
% 80 Pa Faas 
60 ; a Oa a 
40 m N A 
§ pares te — +-~ —+-—+ js 





FIGURE 1. Typical right ventricular first transit study performed in the 
right anterior oblique position. The background-subtracted time-activity 
curve is utilized to calculate ejection fraction. Bkg = background; PA 
= pulmonary artery; RA = right atrium; RV = right ventricle. 


antiarrhythmic drugs, long-acting nitrates or antihypertensive 
medication; and (4) no intraventricular conduction abnor- 
malities on electrocardiographs. 


Data Acquisition and Analysis 


First pass radionuclide ejection fraction: All subjects 
underwent first pass radionuclide angiography in the manner 
described by Schelbert et al.6 A brief description of the 
method follows: An intravenous catheter is placed into an 
antecubital vein and 15 mCi of technetium-99m-labeled 
human serum albumin is given as a bolus injection followed 
by 15 ml of normal saline solution. The patient is supine and 
the injection follows the positioning of a single crystal mobile 
scintillation gamma camera detector, which is placed over the 
thorax in the 30° right anterior oblique position. The camera 
is equipped with a general purpose low-energy, parallel hole 
collimator. The data are stored on videotape and then trans- 
ferred in real time to a dedicated minicomputer system 
(General Electric Med II Computer System). A light pen 
program is used for calculation of both left® and right” ven- 
tricular ejection fraction. A light pen-assigned region of in- 
terest including the right and left ventricle is used to monitor 
counts at 0.04 second intervals during the transit of the ra- 
dioactive bolus dose through the respective cardiac chambers. 
Background correction is made and a curve produced showing 
the cyclical changes in count rate. For the right ventricle, two 
to three beats of the high frequency time-activity curve are 
manually evaluated, using the peak of the curve as the end- 
diastolic data point and the nadir of the curve as the end- 
systolic point (Fig. 1). 

Equilibrium radionuclide angiography: All patients are 
studied after intravenous injection and mixing of techne- 
tium-99m-labeled human serum albumin. All studies are 
performed with the scintillation camera detector located in 
the 45° left anterior oblique position, which includes a 5 to 10° 
caudal tilt to maximally isolate the left ventricle from the left 
atrium. A modified V5 electrocardiographic lead is monitored 
during the study and is also used by the computer for gating 
purposes. Equilibrium data are stored on videomagnetic tape 
as digital pulses and transferred to a minicomputer for cal- 
culation of left ventricular ejection fraction (Medical Data 
Systems—PAD) or right ventricular ejection fraction (General 
Electric Med II Computer System). 

The left ventricular ejection fraction is calculated by di- 
viding each R-R interval into 28 equal frames of variable du- 
ration depending on heart rate and then by summing scin- 
tigraphic data from multiple cardiac cycles at each corre- 
sponding frame to assemble a composite cardiac cycle. Each 
image frame has a spatial resolution of 64 X 64 channel ele- 
ments. Each left ventricular time-activity curve is generated 
using a semiautomatic computer algorithm. The left ven- 
tricular region of interest is assigned at end-diastole, and*an 
edge-detection algorithm using simple count rate threshold 
and the second derivative of each change in pixel to pixel count 
profile to determine the edge of the left ventricular chamber. 
The chamber is tracked through each frame of the composite 
cycle; thus a varying region of interest is utilized. Background 
is automatically assigned at end-systole and is located lateral 
to the left ventricle. The background-corrected left ventricular 
time-activity curve is then produced, and the ejection fraction 
calculated. This method has been shown to correlate well with 
contrast ventriculography,”? to be reproducible over time,!° 
to correlate well with first pass ejection fractions when both 
(at separate times) are determined at peak exercise!! and to 
be independent of the duration of data acquisition.’ 

Right ventricular ejection fraction is determined from a 
fixed region of interest assigned at the end-diastolic frame. 
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Each R-R interval is divided into 24 equal segments and 
multiple cycles are summed to form a composite cardiac cycle. 
This acquisition is different from that described for the left 
ventricular analysis and is due to varying software instructions 
on the acquisition programs on each computer. The computer 
acquires six 32 X 32 raw data records, which are then inter- 
polated into twenty-four 64 X 64 records. The data for the 24 
records are integrated to form one picture that most resembles 
the end-diastolic image. The operator then outlines the right 
ventricle with a light pen, taking care to avoid the pulmonary 
outflow tract and, when visible, the edge of the right atrium. 
Background is assigned around the right ventricle in the in- 
tegrated picture and includes the pulmonary outflow tract but 
not the interventricular septum. If the right atrium is visible, 
it is also included into the background. Background is nor- 
malized to the end-diastolic area and the activity in the fixed 
background region is subtracted from each frame to form a 
corrected time-activity curve. With the aid of two light cursors, 
the operator selects the peak and valley of the time-activity 
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curve and the ejection fraction is calculated (Fig. 2) using the 
following equation: Ejection fraction = (EDC, — ESC,)/EDC,, 
where EDC, = background-corrected end-diastolic counts and 
ESC, = background-corrected end-systolic counts. We have 
previously!” shown that for calculating right ventricular 
ejection fraction this is a reproducible method whose results 
correlate well with those of first pass radionuclide angio- 
grams. 


Clinical Protocol 


Each patient was studied while supine after the first pass 
intravenous injection. The single crystal gamma camera de- 
tector was relocated in the 45° left anterior oblique position 
over the thorax with a 5 to 10° caudal tilt to maximize sepa- 
ration of the left ventricle from surrounding structures. Five 
minutes of electrocardiographically gated scintillation data 
were collected at rest; additional data collection periods 
constituted the last 2 minutes of each subsequent 3 minute 
block of progressively strenuous supine bicycle exercise. After 


RIGHT VENTRICULAR EJECTION FRACTION 
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FIGURE 2. Process of calculating the right ventricular ejection fraction with the equilibrium method. The summed (integrated) image is at upper 
left. The light-penned right ventricular region of interest and background region of interest are shown with the background-corrected time-activity 
curve. The operator locates the peak (end-diastolic point) and nadir (end-systolic point) of the time-activity curve with two cursors, and the ejection 


fraction is calculated using these two points. 
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-each 3 minute stage was completed, an additional work load 
< -was added until fatigue or pain resulted. Exercise was dis- 
“continued if the patient complained of angina or severe fatigue 
or if marked electrecardiographic abnormalities occurred (S-F 
- segment depression greater than 5 mV). A modified V; lead 
iwas used to monitor the electrocardiogram. Heart rate and 
blood pressure were recorded at rest and at peak exercise. No 
patients had more than three ectopic beats per minute at rest 
- or peak exercise. 
=o Reproducibility: (1) All 70 subjects had both a first pass 
sand equilibrium right ventricular ejection fraction calculated 
_ by two observers unaware of each other’s calculations. (2) All 
- 70 resting equilibrium right ventricular ejection fractions were 
then calculated by one observer on two occasions separated 
-cby at least 2 months: (3) The resting equilibrium right ven- 
_-tricular ejection fractions were calculated by a second observer 
‘in. 25 randomly selected cases. This observer had no knowledge 
` Of the results of the first observer. (4) Fifteen patients un- 
<a derwent two equilibrium studies within 3 weeks (mean 14.5 
> ak 3 days) for evaluation of reproducibility over time. (5) Fif- 
_ teen studies were randomly selected and were evaluated on 
-o three occasions, using 2, 3 or 5 minutes of equilibrium (real- 
< Ume) scintigraphic data. 
_ Statistical analyses: All regression lines and correlation 
coefficients were developed using a least-squares fit. Data were 
< evaluated by means of Student’s.t test for paired and unpaired 
"data and, when appropriate, a repeated measures analysis of 
Variance. t? 


o Results 
-Vital Signs 

There were no significant differences between the 
values at rest for heart rate, systolic blood pressure or 
__ diastolic blood pressure when the normal subjects and 
__ the patients with coronary heart disease were compared 
(76:4 + 12.2 versus 78.3 + 13.4 beats/min; 128.2 + 14.6 


— versus 124.5 + 18.4 mm Hg and 74.4 + 16 versus 78.6 + 
< -12mm Hg, respectively; all p >0.05). 
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FIRST PASS RIGHT VENTRICULAR EJECTION FRACTIONS 


FIGURE 3. Correlations between first pass and equilibrium radionuclide 
~~ yight ventricular ejection fractions are shown for all 70 cases (20 normal 
subjects and 50 patients with coronary artery disease). 
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The normal subjects exercised to a higher work load 
than did the patients with coronary disease (950 + 220 
versus 435 + 210 kpm, p <0.01) as well as to a higher 
pressure-rate (double) product (24,364 + 4,000 versus 
17,600 + 7,000, p <0.005). 

All normal subjects and 28 of the 50 patients stopped 
exercising because of complaints of fatigue, whereas 22 
of the 50 patients stopped exercising because of com- 
plaints of chest pain associated wii S-T segment de- 
pression greater than 0.1 mV on the V; monitor lead. 


Right Ventricular Ejection Fraction 


First-pass and equilibrium correlation: The mean 
right ventricular ejection fraction at rest determined 
with first pass angiography was 0.53 + 0.09, a value 
higher than the mean result calculated with the equi- 
librium method (0.49 + 0.10, p <0.01). The correlation 
between the two methods was good over a broad range 
of ejection fraction values (r = 0.81) (Fig. 3). 

Right ventricular response: Normal subjects 
(Table I): In 19 of 20 normal subjects the right ven- 
tricular ejection fraction increased by 13 percent or 
more (absolute percent, not ejection fraction units) 
when compared with the resting value (Fig. 4). One 
subject had no change during exercise (0.43 at rest and 
during peak exercise). The mean right ventricular 
election fraction in this group was 0.49 + 0.10 and rose 
significantly to 0.64 + 0.12 at peak exercise (p 
<0.005). 

Patients with coronary artery disease: The mean 
resting right ventricular ejection fraction in the patients 


TABLE | 


Right Ventricular Ejection Fraction in 20 Normal Subjects 
(Group I} 





Right Ventricular Ejection Fraction 











Resting Peak 
Case First Resting Exercise % Change 
no. Pass Equilibrium Equilibrium Equilibrium 
1 0.48 0.39 0.44 +13 
2 0.60 0.43 0.43 0 
3 0.50 0.44 0.78 +44 
4 0.47 0.42 0.48 +44 
5 0.48 0.41 0.71 +73 
€ 0.51 0.46 0.68 +48 R 
7 0.59 0.39 0.73 +87 
a 0.49 0.50 0.66 +32 
g 0.48 0.47 0.66 +40 
10 0.67 0.68 0.82 +21 
t1 0.46 0.43 0.60 +40 
12 0.48 0.48 0.59 +23 
13 0.54 0.51 0.60 +15 
14 0.49 0.46 0.54 +47 
15 0.52 0.53 0.77 +34 
16 0.49 0.46 0.59 +28 
17 0.48 0.43 0.64 +49 
18 0.53 0.49 0.61 +24 
19 0.52 0.58 0.72 +24 
20 0.83 0.77 0.64 +32 
Mean 0.53 0.49 0.64 +32+21* 
+SD +0.09 +0.10 +9.12 
* p <0.005. 
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. with coronary artery disease was 0.46 + 0.08; this value 


was lower than that in the normal patients, but the 
difference did not attain statistical significance (p = 
0.07). Peak exercise right ventricular ejection fractions 


= averaged 0.50 + 0.13, avalue higher than that at rest (p 


<0.05) but lower than the peak exercise value in the 
normal subjects (p <0.01). 

Relation between coronary lesions and right 
ventricular ejection fraction response (Table II): 
Group ÍI: Six patients with isolated right coronary 
artery disease: The mean resting right ventricular 
ejection fraction in this group was 0.51 + 0.06 and de- 


creased to 0.42 + 0.15 at peak exercise (p <0.05) (Fig. 


4). Four patients had decreases of 13, 17, 16 and 
13 ejection fraction units, respectively, with exercise, 


~ In association with complaints of chest pain. These four 
had a normal resting left ventricular ejection fraction 


and a normal left ventricular response to exercise (in- 






_-o-oventricular ejection fraction are plotted at 
“test and during exercise in Group |, Group 
- dh Groups Ill and IV combined and Group V. 


-crease of 10 percent or more above resting left ventric- 


ular ejection fraction). One patient showed no change 


in right ventricular ejection fraction with exercise and 


one had a 10 percent increase (5 ejection fraction units). 
Each of these latter two patients had an abnormal left 
ventricular response. The patient with a normal right 


-ventricular response had had a previous subendocardial 
_ myocardial infarction. — 

Group HE Thirteen patients with a combination of 
right and left anterior descending coronary artery 


disease: No subject in this group had a normal left 
ventricular response to exercise (Fig. 4). Mean right 
ventricular ejection fraction at rest was 0.49 + 0.07, a 


GROUP | 
NORMALS 
{n=20) 





30 


20 


RIGHT VENTRICULAR EJECTION FRACTION 


FIGURE 4. Results of the equilibrium right 


LAD = left anterior descending coronary 


artery; LCx = left circumflex coronary ar- Rest 
=o tery: RCA = right coronary artery. 
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value not significantly different from the value at peak 
exercise (0.48 + 0.13). Six patients had a decline in right _ 
ventricular ejection fraction with exercise, and eight had _ 
less than a 10 percent increase. Four patients in this. 
group had had a previous infarction {anterior in two and. 
inferior in two). One patient with an anterior and one 
with an inferior infarction had an increase in ejection 
fraction with exercise; the remaining two patients had 
a decrease. Soe 
Group IV: Nineteen patients with three vessel cor- 
onary artery disease: No subject in this group had a 
normal left ventricular response to exercise (Fig. 4), The’ 
mean right ventricular ejection fraction at rest was 0.44 
+ 0.10 and the peak exercise ejection fraction 0.46: +. 
0.14, not significantly different from the resting value. 
Nine patients had less than a 10 percent increase in 
right ventricular ejection fraction with exercise, and six 
actually had a decrease in ejection fraction. Five pa- 
tients in this group had had a previous infarction (in- 
ferior in three and anterior in two). Again the right 
ventricular response varied in these patients, increasing. 
in one patient with an anterior infarct, decreasing in one. 
patient with an anterior and in one with an inferior in- 
farct, and not changing in two patients with a previous 
inferior infarct. : 
Group V: Twelve patients with isolated left anterior 
descending coronary artery disease or combined left. 
anterior descending and left circumflex coronary ar- 
tery disease: Five of these 12 patients had isolated left 
anterior descending coronary artery disease and 7 had 
double vessel disease. All patients in this group had an. 


GROUP ii GROUP lil AND IV. GROUP V = 
SINGLE VESSEL RCA AND LAD OR LAD OR LAD/LEX 
RCA LAD/iCX (n=12) 
(n=6) (n=32) 





424.18 





Peak Rest Peak Rest Peak Rest Peak 
Exercise 


Exercise Exercise 
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TABLE tl : 
: Right Ventricular Ejection Fractions in 50 Patients With Coronary Artery Disease — 





Right Ventricular Ejection Fraction 





Resting esting History of 
Case First Equili- Peak % Change Coronary, Previous 
no. Pass brium Exercise in RVEF Lesion Mi 








Group Ik Patients With Single Vessel Right Coronary Artery Disease 






































1 0.53 0.44 0.31 —17 RCA No 
2 0.69 0.57 0.62 +10 RCA Sub 
3 0.55 0.58 0.59 +2 RCA No 
4 0.54 0.49 0.32 . —35 RCA No 
§ 0.49 0.46 0.33 —28 RCA No 
6 0.53 0.50 0.34 —32 RCA No 
Mean 0.54 0.51 0.42 Fes oe 
+SD +0.04 +0.06 +0.15 ; : 
Group lil: Patients With Right and Left Coronary Artery Disease (two vessel) 
7 0.50 0.58 0.60 +3 RCA,LAD No 
& 0.63 0.59 0.63 +7 RCA,LAD No 
9 0.51 0.51 0.47 —8 RCA,LAD Ant 
10 0.64 0.58 0.65 +12. RCA,LAD No 
11 0.69 0.51 0.45 —12 RCA,LAD inf 
12 0.50 0.41 0.22 —46 RCA,LAD No 
13 0.51 0.41 0.52 +27 RCA,LAD No 
14 0.60 0.53 0.40 —25 RCA,LAD No 
15 0.60 0.47 0.54 +15 RCA,LAD No 
16 0.56 0.40 0.46 +15 RCA,LAD inf 
V7 0.50 0.44 0.31 —31 RCALAD No 
18 0.46 0.41 0.40 —2 RCA.LAD No 
19 0:53 0.48 0.56 +17 RCA,LAD Ant 
Mean- 0.56 0.49 0.48 t TO Sri 
+SD +0.07 +0.07 +0.13 
Group IV: Patients With Three Vessel Coronary Artery Disease 
20 0.64 0.60 0.66 +10 RCA;LAD,LCx No 
21 0.57 0.51 0.57 +12 RCA, LAD, LEX No 
22 0.42 0.39 0.39 0 RCALAD,LCx int 
23 0.55 0.50 0.69 +28 RCA,LAD,LOx No 
24 0.5C 0.45 0.49 +10 RCA,LAD,LGx No 
25 0.53 0.49 0.34 —31 RCA,LAD,LCGx No 
26 0.69 0.64 0.72 +13 RCA,LAD,LGx inf 
27 0.46 0.33 0.44 +33 RCA,LAD,LGx No 
28 0.26 0.22 0.22 0 RCA,LAD,LGx inf 
29 0.51 0.48 0.31 —35 RCALAD,LGx No 
30 0.47 0.46 0.53 +15 RCA,EAD,LCx No 
“31 0.59 0.48 0.44 —8 RCA,LAD,LCx Ant 
32 0.33 0.36 0.40 +11 RCA,LAD,LCx No 
33 0.59 0.41 0.50 +22 RCA,LAD,LCx No 
34 0.54 0.50 0.53 +6 RCA,LAD,LCx No 
38 0.50 0.41 0.40 -2 RCA,LAD,LCx No 
36 0.48 0.35 0.31 —11 RCA,LAD,LCx Ant 
37 0.54 0.41 0.47 +15 RCA,LAD,LCx No 
38 0.53 0.46 0.40 -13 RCA,LAD,LCx No 
Mean 0.50 0.44 0.46 ł 
+SD +0.11 +0.40 +0.14 
us Group V: Patients With Coronary Artery Disease Not involving the Right Coronary Artery i 
:39 9.53 0.52 0.75 +44 LAD No 
“40 0.40 0.37 0.50 +35 LAD No è 
41 0.66 0.60 0.62 +3 LAD Ant 
42 0.39 0.46 0.58 +26 LAD No 
43 0.58 0.58 0.53 —08 LAD No 
AA 0.51 0.48 0.44 —08 LAD,LCx No 
45 0.44 0.40 0.41 +3 LAD,LCx Ant 
46 0.44 0.39 0.45 +45 LAD,LCx No 
47 0.37 0.41 0.47 +15 LAD,LCx No 
48 0.45 0.37 0.44 +19 LAD,LGx No 
49 0.50 0.44 0.58 +32 LAD,LCx No 
co 80 0.56 0.53 0.66 +25 LAD,LCx No 
:: Mean 0.49 0.46 0.53 * 
o +SD 0.09 0.08 0.11 
2p <0.06. 





-t Although there was no change in the mean values of the group, the individual results vary widely. j 

<io 4 p = not significant. 

< Ant anterior; inf = inferior: LAD = left anterior descending artery; LCx = left circumflex artery; MI = myocardial infarction; RCA = right coronary 
| artery; RVEF = right ventricular ejection fraction; Sub = subendocardial. 
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abnormal left ventricular response to exercise (Fig. 4). 
The mean resting right ventricular ejection fraction was 
9.49 + 0.07, which was not different from that of any of 
the previous three subgroups of patients. Peak exercise 
ejection fraction was increased (0.53 + 0.11, p <0.05). 
Only two patients had a decrease in ejection fraction 
with exercise, and only four had an increase of less than 
10 percent with exercise; thus, significantly fewer pa- 
tients in this group had an abnormal right ventricular 
response to exercise (p <0.05). Two of these four pa- 
tients with an abnormal response had had a previous 
myocardial infarction (anterior and subendocardial, 
respectively, as determined with electrocardiographic 
criteria) and the other two had small right coronary 
arteries with disease of a “dominant” left coronary 
system that supplied collateral flow to the right ven- 
tricle. 

Reproducibility: (1) The intraobserver variability 
was 3.2 + 3 (mean + 1 standard deviation) ejection 
fraction units when all 70 studies were reevaluated 
(separated by a time period of at least 2 months). (2) 
The interobserver variability was 3.9 + 2.9 ejection 

- fraction units in 25 randomly selected patients. (3) 
__ When 15 patients were reevaluated a mean of 14.5 +3 
<> days after the initial study, the mean variation between 

the two studies was 4 + 2.1 ejection fraction units (range 
0 to 7 units). (4) Finally, 15 studies were randomly se- 
lected and processed for 2, 3, and 5 minutes of scinti- 
graphic data. Right ventricular ejection fraction studies 
were performed for each of these three data acquisition 
times and compared. For this study, mean variation in 
ejection fraction was 3.8 + 2 ejection fraction units, 


Lj 





Left Ventricular Ejection Fraction 


Normal subjects: All normal subjects had an in- 
crease in left ventricular ejection fraction of 10 percent 
or more (absolute percent not ejection fraction units). 
Mean resting left ventricular ejection fraction was 0.61 

_.. & 0.06 and increased to 0.75 + 0.09 at peak exercise (p 
= €0.005). 

Patients with coronary artery disease: All patients 
with significant atherosclerotic involvement (70 percent 
stenosis or greater) of a major branch of the left coro- 
nary artery had an abnormal left ventricular response 
to exercise (defined as an increase of less than 10 percent 
in left ventricular ejection fraction with exercise). Of the 
six patients with single vessel right coronary artery 
disease, four had a “normal” increase in left ventricular 
ejection fraction. These four with a “normal” response 
had a reduction of 17, 35, 32 and 28 percent (absolute 
percent), respectively, in right ventricular ejection 
fraction during exercise. They each had a proximal oc- 
clusion (70, 85, 90 and 90 percent, respectively) of the 

«tight coronary artery with good collateral flow to the 
_. apex of the left ventricle from the left circumflex artery. 
= The other two patients had an occlusion of 70 and 75 
percent, respectively, at the junction of the posterior 
escending artery. In these patients the left ventricular 
ejection fraction response was abnormal (+4 and —6 


e 
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RIGHT VENTRICULAR RESPONSE TO EXERCISE--SLUTSKY ET AL. 
percent change with exercise, respectively). The right . 
ventricular response was abnormal in one case (+2 | 
percent) and normal in the other (+10 percent). In the a 
latter case, the left circumflex artery supplied collateral | 
flow to the right ventricle. Ss 

When the left ventricular response in the patients 
with significant right coronary artery disease was 
evaluated, the patients with an associated abnormal — 
right ventricular response had a poorer left ventricular 
response (—4.4 + 7 percent change with exercise) when — 
compared with the group with a normal right ventric- 
ular response (—2.9 + 8 percent, p = 0.08), although this 
difference did not attain statistical significance. When _ 
the patients with single vessel right coronary artery 
disease were excluded, the relationship was reversed, 
The patients with a normal right ventricular response 
had a better left ventricular response (—0.97 + 6 versus 
—3.3 + 7 percent change with exercise, p = 0.04), Angina. 
developed in 8 of the 21 patients with an abnormal right 
ventricular response, and in 8 of 17 patients witha 
normal right ventricular response. 

In the group without significant right coronary 
stenosis, the eight patients with a normal right ven- 
tricular ‘response had an exercise change in left ven- 
tricular ejection fraction of —6.1 + 7.3 percent compared = 
with —8.2 + 8.1 percent in the four patients with an _ 
abnormal right ventricular response. Angina developed : 
in three patients in each group. These differences were 
not statistically different, although the number of pa- 
tients was limited. 

























Discussion 


Recent descriptions of the response of the left vens 
tricle to exercise stress!4-16 have stimulated renewed 
interest in right ventricular function during exercise.*> aS 
It has become increasingly clear that right ventricular 
dysfunction can occur without left ventricular dys- 
function in the setting of acute myocardial infarction?!7 
and that this probably relates to the location of the 
coronary arterial lesion and the site of infarction28” 
Thus, whereas right ventricular dysfunction from an- 
acute ischemic insult now appears firmly proved, 
transient dysfunction from stress-induced imbalances 
in oxygen delivery and oxygen requirements has only 
recently been recognized.3 — 

To extend these studies and to introduce a new | 
method for evaluating right ventricular function, we 4 
studied 70 persons with both first pass and equilibrium _ : 
radionuclide angiography. The correlation between the K 
two techniques was good (r = 0.81) over a wide range of __ 
ejection fractions. Inter- and intraobserver variability | 
was modest (less than 4 ejection fraction units) as was _ 
the variability over time (4 ejection fraction units or | 
less). a 

Right ventricular ejection fraction in normal 
subjects during exercise: Nineteen of 20 normal 
subjects had a greater than 10 percent increase in right _ 
ventricular ejection fraction with exercise. The single | 
exception was one subject who showed no change with _ 
exercise. ‘The stress electrocardiogram, ieft ventricular 



















RIGHT VENTRICULAR’ RESPONSE TO EXERCISE—SLUTSKY “ET AL. 
response to exercise, chest roentgenogram and physical 
“examination were all normal, and he had no evidence 
(by radionuclide methods) of an intracardiac shunt. 
Effect of right coronary artery disease on right 
ventricular function: In general, the presence of a 
significant right coronary arterial lesion increased the 
likelihood of an abnormal right ventricular response to 
exercise. In patients with single vessel right coronary 
artery disease, the more severely abnormal the right 
ventricular response, the more “normal” the left ven- 
tricular response. As previously mentioned, in four 
patients with single vessel right coronary artery disease 
~ asevere exercise-induced reduction in right ventricular 
< ejection fraction was associated with a normal increase 
in left ventricular ejection fraction. In addition, these 
patients had lesions in coronary arteries that predom- 
inantly supplied the right ventricle. In contrast, two 
patients with single vessel right coronary artery disease 
had a more “normal” right ventricular response, one had 
„an increase in right ventricular ejection fraction of 2 
percent and the other had an increase of 10 percent 
‘(absolute percent, not ejection fraction units) but an 
-abnormal left ventricular response. The stenotic coro- 
-. nary artery in these patients appeared to supply a por- 
= tion of the left ventricular apex. 

In the patients with both right and left coronary 
“artery disease, 17 of 32 (53 percent) had a less than 10 
percent increase in right ventricular ejection fraction 
with exercise, whereas all 32 had an abnormal left ven- 

tricular response. This finding may suggest that mul- 

“tiple vessels can be involved in causing ventricular 
-dysfunction with exercise or that the right coronary 
: artery can be the cause of both right and left ventricular 
stress-induced dysfunction. 

The causes of ventricular dysfunction after ex- 
ercise: A variety of other physiologic phenomena must 
undoubtedly play some part in the explanation of bi- 
ventricular dysfunction. In severe stress-induced left 
ventricular dysfunction, severe left ventricular dilata- 
_ tion may develop in some patients! in association with 
_ depressed left ventricular stroke volume!® and increased 
< left ventricular filling pressure. Undoubtedly, acute 
_ changes in left ventricular shape and function must 
_ produce alterations in right ventricular performance, 

_- just as the right ventricle has been shown to influence 
_. the left ventricle.!9-°? Additionally, elevations in pul- 
| monary pressures due to left ventricular dysfunction 
must impede right ventricular ejection. Acute pressure 
-overload of the right ventricle has been shown to cause 
right ventricular dysfunction and dilatation and trt- 

-cuspid regurgitation.2? Finally, a decrease in stroke 
volume and cardiac output may decrease right ven- 
| tricular preload. These theoretical possibilities for the 
relation between right and left ventricular dysfunction 
< ia patients with both right and left coronary stenoses 
| may at least contribute to the present observations. 
Effect of left coronary artery disease on right 
~ ventricular function: In the patients with left coro- 
nary disease (either isolated anterior descending or 
combined anterior descending and circumflex artery 
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disease), right ventricular function is normal during 
exercise unless a previous infarction has occurred or the 
left circumflex artery supplies part of the blood supply 
to the right ventricle. 

Possible limitations of equilibrium radionuclide 
angiography: There are several theoretical limitat:ons 
to the calculation of right ventricular ejection fraction 
with this equilibrium method. The right atrium is lo- 
cated posterior and somewhat lateral to the right ven- 
tricle in the left anterior oblique position. Thus, the 
right atrium is difficult to exclude in this projection 
when the right ventricular region of interest is assigned. 
In this study we evaluated no patient with tricuspid 
regurgitation and obvious right atrial enlargement. 
Additional limitations include the difficulty in sepa- 
rating the pulmonary outflow tract from the body of the 
right ventricle and the fact that part of the right ven- 
tricle must wrap slightly around the left ventricle in this 
projection. These theoretical limitations would tend to 
lower the ejection fraction. This is seen in the lower 
mean equilibrium right ventricular ejection fraction 
when compared with the virtually simultaneous first 
pass ejection fraction. 

Some of these problems also apply to the left ventricle 
when fixed region of interest analyses are performed. 
For example, the left atrium is difficult to separate from 
the left ventricle, even with a significant caudal tilt. Yet 
excellent correlations with contrast ventriculography 
have been found when left ventricular ejection fraction 
is calculated with equilibrium angiography. In another 
study we found that the left atrial activity in a patient 
with severe mitral regurgitation caused a significant 
overestimation of left ventricular end-diastolic and 
end-systolic volumes”? that did not occur in normal 
subjects with a normal left atrium. Whereas the left 
ventricular outflow tract generally presents few dif- 
ficulties, the right ventricle still must wrap around the 
left ventricle in this projection, yet it does not seem to 
contain enough activity to distort the left ventricular 
calculations. 

In this study the correlation between first pass and 
equilibrium right ventricular ejection fractions was gcod 
(r = 0.81). Part of the discrepancy between the two 
methods may rest not only with the equilibrium teeh- 
nique, but also with the statistical variability of the first 
pass method. Usually one to three beats were manually 
averaged from a 5 point smoothing of the raw data 
curve. The variability of these results may range from 
6 to 12 ejection fraction units.’ 

Implications: Despite these theoretical limitations 
our study suggests that stenotic right coronary arterial 
lesions can cause or contribute to right ventricular 
dysfunction during exercise. Equilibrium radionuclide 
angiography can uncover potential right coronary ar- 
terial lesions by the serial evaluation of right ventricular 
function during supine bicycle exercise. In addition, this 
method of evaluating right ventricular ejection fraction 
may prove to be of value in the assessment of pharma- 
cologic and physiologic interventions in a variety of 
patient populations. 
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in an attempt to prevent recurrent reentrant supraventricular tachycardia, 
an experimentally designed new pacemaker has been developed. The 
pacemaker, when connected to both atrial and ventricular electrodes, 
is capable of sensing either an atrial or ventricular signal and, in turn, 
triggers simultaneous atrioventricular (A-V) stimulation. Efficacy of this 
pacemaker was tested in four patients with recurrent paroxysmal A-V 
nodal reentrant tachycardia during electrophysiologic studies. After 
connection of the electrodes to the new pacemaker, all atrial or ventricular 
premature stimuli elicited simultaneous A-V stimulation with resuliant 
impulse collision in the A-V junction. Consequently, the reentrant tachy- 
cardia zone was completely abolished in all patients. This study has thus 
demonstrated the clinical feasibility of simultaneous A-V pacing to abclish 
the supraventricular tachycardia zone in man. 


Pacemaker therapy is a clinical alternative in the treatment of recurrent 
supraventricular tachycardia refractory to medical management.!* In 
most instances, pacemaker therapy is utilized to deliver electric stimuli 
during tachycardia to interrupt the tachycardia circuit or to render the 
atrioventricular (A-V) node refractory, thereby slowing the ventricular 
response. 

This communication introduces a new modality of cardiac pacing: 
simultaneous A-V stimulation that can be utilized to abolish the 
tachycardia zone in patients with paroxysmal A-V nodal reentrant 
tachycardia. 


Methods 


Patients: Four patients with recurrent paroxysmal supraventricular tazhy- 
cardia who had previously failed to respond to at least two medications consti- 
tuted the study group. There were three men and one woman ranging in age from: 
32 to 63 years. After informed consent was obtained, all cardiotonic and anti- 
arrhythmic medications were discontinued 48 to 72 hours before the study. 

Electrophysiologic study: The study was performed with the patients in 
a postabsorptive, nonsedated state. With a conventional technique,’ the His 
bundle electrogram was obtained with a tripolar electrode catheter placed aeross 
the tricuspid valve, from which low septal right atrial activity was recorded as 
well. A hexapolar electrode catheter was introduced by way of an antecubital 
vein; the distal pair of electrodes was placed in the right ventricle, and the 
proximal two pairs were placed in the high right atrium (HRA). Additionally, 
two bipolar electrode catheters were inserted and placed in the high right atrium 
and the right ventricle, respectively, for the purpose of pacing and delivering 
premature stimuli. 
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The electrophysiologic study, as previously described,® 
consisted of programmed atrial and ventricular extrastimu- 
lation. The high right atrium and the right ventricular endo- 
cardium were stimulated at one or two cycle lengths (A,-Ay 
and Vi-V1), respectively, with the use of a programmed digital 
stimulator (Biocelestronix, Miami Springs, Florida) that de- 
livered stimuli (S; and S») of 2 ms duration at approximately 
twice diastolic threshold. After every eighth spontaneous or 
paced beat (A; or V1), a single premature atrial or ventricular 
beat (Ao or Vo) was delivered. at progressively shorter coupling 
intervals (A,-Ay or V-V} until the effective refractory period 
of the atrium or the ventricle was encountered. 

A-V pacemaker: After the foregoing study protocol was 
completed, one high right atrial electrode and one right ven- 
tricular electrode of the hexapolar electrode catheter were 


“selected for connection toan experimentally designed pace- 


maker (DDT) (Fig. 1).2 (The experimental pacemaker was 


—-eonstructed by Barough V: Berkovits, EE, of Medtronics, Ine., 


Minneapolis, Minnesota.) Adequacy of atrial and ventricular 


-capture was tested several times for proper selection of the 






atrial and ventricular electrodes. When connected to both the 


o atrial and ventricular electrodes, the pacemaker is capable of 
_ sensing either an atrial or a ventricular signal and in turn 


gers simultaneous A-V stimulation. It has a refractory 
riod of 260 ms and an escape interval of 800 ms (75 beats/ 


<- min). Programmed atrial and ventricular extrastimulation, 


w 


oS as described earlier, was then repeated to evaluate the efficacy 
bi the pacemaker in controlling the initiation of reentrant 
_-© supraventricular tachycardia in each patient. 


Results 


Control observations: Before the atrial and ven- 
tricular electrodes were connected to the experimental 
pacemaker, electrophysiologic studies revealed that all 
four patients manifested A-V nodal reentry associated 
with dual A-V nodal. pathway conduction as the 
underlying mechanism of the paroxysmal supraven- 
tricular tachycardia. Their pertinent electrophysiologic 


DDT Pacemaker 


Chamber 
“Sensed 


Chamber 
Paced 


Mode of 


Response 


D D T 


Triggered 


A and Y {Simultaneously} 


A and V 





_ FIGURE 1. Schematic presentation of the new modality of cardiac 
_ pacing (ODT)—-simultaneous atrioventricular stimulation triggered by 
|, either an atrial- or ventricular pare A = atrium; D = dual chambers 
` (he Atrium and the ventricle); T = triggered; V = ventricle. 


January 1980 The American Journal of CARDIOLOGY Volume 45 73 








SIMULTANEOUS ATRIOVENTRICULAR PACING-—SUNG ET. AL. 


Eo 











TABLE | ` 
Pertinent Electrophysiologic Data 
Caso DCL AERP (ms) RT Zone (ms) 
no. (ms) FP SP B A 
1 650 450 270 450-280 0° 
2 700 390 280 390-290 0 
3 740 410 <290 380-290 0 
4 600 370 260 360-270 oO. 





A = after connection to. new pacemaker, AERP = anterograde ef- 
fective refractory period; B = before connection to new pacemaker: 
DCL = driving cycle length; FP = fast A-V nodal pathway; RT. = AV 
nodal reentrant tachycardia; SP = slow A-V nodal pathway. ; 


findings are listed in Table I. Characteristically, dis- 
continuous A-V nodal conduction curves (Ai-Ay, H-H 
and A-A, Ao-H») were generated with programmed 
atrial extrastimulation, and A-V nodal reentry occurred 
after achievement of a critical A-V nodal conduction 
delay (the A-H interval). The A-V nodal reentrant 
tachycardia utilized a slow A-V nodal pathway for an- 
terograde conduction and a fast A-V nodal pathway for 
retrograde conduction. During programmed ventricular 
extrastimulation, all four patients demonstrated pro- 
gressive prolongation of ventriculoatrial (V-A) con- 
duction (V2-Ag) as the ventricular premature coupling 
interval (Vj-Ve) gradually shortened. The corre- 
sponding V-A conduction curves (V1-Ve, A-A; and 
Vi-Vo, V2-Ag) were consistent with retrograde con- 
duction by way of the A-V node—His-Purkinje system. - 
However, ventricular extrastimulation at all premature. - 
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FIGURE 2. Case 1. Dual atrioventricular (A-V)-nodal pathway con- 
duction curves (A1-A2, H-H and Aj-Az,-Ao-H2) generated during high: 
right atrial pacing at a cycle length of 650 ms. Note the discontinuity: ` 
of the curves due to the sudden increase in A-V nodal conduction time. 
{A2-Hz) at an atrial premature coupling interval (Aj-Az) of 450 ms. Ree a 
sponses are seen with (open circles) and without (solid circles) initiation 
of an atrial echo or A-V nodal reentrant tachycardia. For discussion,” 
see text. 


600 msec. 
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: t 
Vi—— i i UP ge re ge, FIGURE 3. Case. 1. Atrial premature stim- 
i 2 ulation with induction of discontinuous 
HRA- ' — f Š : atrioventricular (A-V) nodal conduction 
curves (A j-Az, HiH) followed by initiation 


: Ali AA i a Ai of A-V nodal reentrant tachycardia. 34 and 
HBE == waT goir: a Le Sz are pacing and premature stimul:. HRA 
| E 130 170 yo and HBE are the high right atrial and His 


bundle electrogram, respectively. Ae in- 
450 Aj-Ay: 450 dicates the occurrence of atrial echo or 
$ 650 $ Hj—hg: 590 atrial reentrant phenomenon. The high right 
| $; l ? . : atrium is driven ata cycle length (S1-S1) of 
|_| a E S 650 ms: Top, atrial premature stimulus at 
a coupling interval of 460 ms lengthens 
A-V nodal conduction time {A-H} from 130 
to 170 ms. Bottom, atrial premature stim- 
ulus at a coupling interval (S;-S2)} of 450 ms 
suddenly prolongs A-V nodal conduction 
: i f time (A-H) to 270 ms, resulting in discon- 
oA ; i : tinuous -A-V nodal conduction curves 
= ’ {Ay-Aa, Hi-Ho, Fig. 2). This is followed by 
WM induction of a sustained A-V nodal reen- 
n naemh ih aa ee trant tachycardia. Retrograde atrial acti- 
ee vation.(Ae) coincides with ventricular de- 
e polarization (the QRS complex) during 
iiime tachycardia. 








340 Ay-Ay: 340 
$ s0 $ 5) H-H: 490 


FIGURE 4. Same patient. Progressive atrial 
premature ‘stimulation continues to elicit 
ae 3 w e paroxysms of atrioventricular (A-V' nodal 

a reentrant tachycardia. Atrial premature 
eS stimuli at coupling intervals (Sr S2) 97 340 
~ HBE A e i ME u and 270 ms further lengthen A-V nodal 
~ i n %20 w conduction {A-H} to 280 and 320 ms (top 


and bottom, respectively} and elicit sus- 
500msec. tained A-V nodal reentrant tachycardia. 





. 
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` coupling intervals (Vj-V.) failed to elicit A-V nodal 
- reentry, 
One example is illustrated in Figure 2. The high right 
atrium was driven at a cycle length of 650 ms. The A;-Ao, 
~-Hy-He and Aj-Ao, Ao-He curves were discontinuous because 
of a gadden increase in the A-V nodal conduction time (Ao-H2) 
at an atrial premature coupling interval (A;-Ae) of 450 ms. 
This reflects a failure of anterograde conduction over a fast 
A-V nedal pathway with resultant slow A-V nodal pathway 
concuction. The anterograde effective refractory periods of 
the fast and slow A-V nodal pathways were 450 and 270 ms, 
. ` respectively. The critical A-V nodal conduction time (As-Hə) 
- that induced an atrial echo phenomenon was 270 ms and the 
A-V nodal reentrant tachycardia zdhe coincided with the 
entire period of slow A-V nodal pathway conduction between 
-atrial premature coupling intervals of 450 and 280 ms. The 
~. Fepresentative electrograms corresponding to Figure 2 are 
shown in Figures 3 and 4. 


Observations after simultaneous A-V pacing: 
After the atrial and ventricular electrodes were con- 
nected to the new pacemaker (DDT), repeated pro- 
grammed atrial or ventricular extrastimulation 
triggered simultaneous A-V stimulation at all prema- 
ture coupling intervals (Aj-A> or Vi-Və). The entire 
‘reciprocating tachycardia zone was completely abol- 
ished asa result of impulse collision in the A-V junc- 







“One example is shown in F. igures 5 and 6. In Figure 5 (top), 
the V-A conduction pattern induced by programmed right 
ventricular extrastimulation was used as a reference. The right 


vi = in| a 
z FIGURE 5. Same patient. Top, ventriculoatrial (V-A) conduction A. A k: es 
“pattern generated by programmed ventricular extrastimulation HRA —=~ ee ee 


. “prior to connection to the new pacemaker. The right ventricle 
ae driven ata cycle length (8;-S,) of 650 ms. There is progressive 
<1- prolongation of V-A conduction time as the ventricular premature 

coupling interval (S,-S2) gradually shortens, compatible with 
vetrograde conduction by way of the A-V_node—His-Purkinje 
system. At a premature coupling interval (S;-S2 or V ;-V2) of 320 
+ (ms the corresponding A,-Ag interval is 380 ms. The atrial (A) and 
ventricular (V) electrograms are separated during both driving 
and premature beats. The pacing spikes are relatively small, 
reflecting close bipolar (1 cm apart) pacing in the right ventricle. 
Bottom, after connection of the atrial and ventricular electrodes 
to the new pacemaker (DDT), both the driving and premature 
stimuli (either from the atrium or from the ventricle) triggered 
simultaneous A-V stimulation, as evidenced by the occurrence 
of fusion between the atrial (A) and ventricular (V) electrograms. 
The atrial or ventricular driving cycle length (S1-S,) is 650 ms 
and the atrial or ventricular premature coupling interval (S;-S.2) 
fs 450 ms. No A-V nodal reentry could be elicited. The pacing 
_. Spikes generated by the new pacemaker have greater amplitude 
. Compared with those produced by close bipolar right ventricular 

_ Stimulation (top). 
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ventricle was driven at a cycle length (S1-91) of 650 msanda 
ventricular premature beat was delivered at a premature 
coupling interval (S1-Sə) of 320 ms. The bipolar pacing spikes 
were relatively small and the atrial and ventricular electro 
grams were separate in the basic driving and prematurely . 
stimulated beats. The prolongation of V-A conduction time 
after the ventricular premature stimulation (V-V = 320 ms, 
A1-Å2 = 380 ms) was consistent with retrograde conduction 
properties of the A-V node—His-Purkinje system. 
After the atrial and ventricular electrodes were connected = 
to the new pacemaker (DDT) (Fig. 5 [bottom] and 6}, driving 
the right atrium or the right ventricle at a cycle length (S-S). 
of 650 ms resulted in simultaneous A-V stimulation. The 
pacing spikes generated by the new pacemaker had agreater 
amplitude compared with those produced by the close bipolar. 
(1 cm apart) pacing in the right ventricle (Fig. 5, top). This __ 
difference was attributed to the longer electrode distance 
(approximately 12 cm) between the right atrium and the right 
ventricle. Simultaneous A-V stimulation resulted in the fusion. 
of atrial and ventricular electrograms (Fig. 5 [bottom] and 6): 
Atrial or ventricular premature stimuli delivered at prematuré : 
coupling intervals (S1-S2) of 450, 340 and 270 ms, respectively, 
also triggered simultaneous A-V stimulation without initiation 
of A-V nodal reentry. At these premature coupling intervals —__ 
(S;-S2), atrial premature stimulation, when the electrodes — 
were not connected to the new pacemaker, previously elicited 
paroxysms of sustained A-V nodal reentrant tachycardia (Fig. 
3 [bottom] and 4). The new pacemaker (DDT) produced 
constant fusion of atrial and ventricular electrograms from 
simultaneous A-V stimulation; this suggested that collision 
of the impulse in the A-V junction had prevented establish- 
ment of an A-V nodal reentrant circuit. 
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FIGURE 7. Diagrammatic representation of the new modality of cardiac 
< = pacing (DDT) in preventing initiation of atrioventricular (A-V) nodal 
- -reentrant tachycardia. Top, initiation af A-V nodal reentrant tachycardia 
by an atrial premature stimulus (Az). Bottom, after connection to the 


- new pacemaker, an atrial or ventricular signal triggers simultaneous 


-= A-V stimulation, resulting in sirnultaneous collision of anterograde and 
retrograde impulses in both fast and slow A-V nodal pathways. Con- 
-<gequently, no. tachycardia can be elicited. A = atrium; AV = atrioven- 
tricular node: V = ventricle. A, and V; are atrial and ventricular re- 
-sponses corresponding to basic drives, respectively, Az and V3 are atrial 


: : -and ventricular responses corresponding to premature stimulation. Ae 
and Ve are atrial and ventricular responses during A-V nodal 


reentry. 


. 
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FIGURE 6. Same patient. After-connection of the atrial and 
ventricular electrodes to the new pacemaker, atrial or ventricular 
premature beats at premature coupling intervals of 340 and 270 
ms (top and bottom, respectively) triggered simultaneous A-V 
stimulation without initiation of A-V nodal reentry. Previously, 
airial extrastimulation at these coupling intervals elicited par- 
oxysms of A-V nodal reentrant tachycardia (Fig. 4). 


Follow-up study: The course during the electro- 
physiologic study with the testing of the new pacemaker 
(DDT) was uneventful in each patient. Of the four pa- 
tients, the condition of three (Cases 1 to 3) could be 
subsequently improved by therapy with a combination 
of digoxin, 0.25 mg/day, propranolol, 160 to 320 mg/day 
and quinidine gluconate, 1 to 1.8 g/day. Because of the 
presence of chronic obstructive lung disease and intol- 
erance to quinidine, the remaining patient (Case 4} was 
treated with a combination of digoxin, 0.25 mg/day and 
verapamil hydrochloride, 320 mg/day. The results of 
medical therapy in all four patients appeared to be 
satisfactory in a follow-up period of 14 to 19 months. 


Discussion 


Principle and mode of action of simultaneous A-V 
pacemaker: Coume! et al.!° first applied “simultaneous .. 
A-V stimulation” to suppress recurrence of supraven- 
tricular tachycardia. Spurrell and Sowton!! subse- 
quently developed a similar system of cardiac pac- 
ing—an atrial synchronous pacemaker with a 30. ms 
delay between atrial sensing and ventricular stimula- 
tion. They were able to demonstrate a significant nar- 
rowing of the reentrant supraventricular tachycardia 
zone, thus providing a new electrophysiologic principle 
of cardiac stimulation aimed primarily at prevention of 
the occurrence of paroxysmal tachycardia. 

It is well recognized that either an atrial or a ven- 
tricular premature stimulus can induce a paroxysm of 








a supraventricular tachycardia.®!2!3 The experimental 


pacemaker described in our study, in contrast to those 


of Coumel et al.!° and Spurrell and Sowton," is capable 
of sensing either an atrial or a ventricular signal and, in 
turn, triggers “simultaneous A-V stimulation.” Com- 
< plete abolition of the tachycardia zone is possible, as 


“seen in our four patients with A-V nodal reentrant 


tachycardia, using a slow A-V nodal pathway for an- 
terograde conduction and a fast A-V nodal pathway for 
retrograde conduction. The occurrence of sustained A-V 
nodal reentrant tachycardia is dependent on adequate 
anterograde slow A-V nodal pathway conduction and 
on adequate retrograde fast A-V nodal pathway con- 
duction as well. Simultaneous A-V stimulation 
triggered by an atrial or a ventricular premature beat 
presumably creates simultaneous collision of antero- 
grade and retrograde impulses in both fast and slow A-V 
-nodal pathways, thereby preventing establishment of 

_ the A-V nodal reentrant tachycardia circuit (Fig. 7). 
_ Problems in clinical applications: These prelimi- 
’ nary results suggest that implantable pacemakers with 
` this new modality of cardiac pacing may soon be a re- 
ality. Nevertheless, several factors should be considered 
prior to its clinical use. First, medical therapy remains 
the treatment of choice in patients with recurrent su- 
praventricular tachycardia. Various combinations of 







two or more medications (digitalis, quinidine, disopy- 


-ramide and procainamide) should be tried if a single 
medication fails to control or prevent the tachycardia. 
‘Medications, such as verapamil,!> currently under in- 
vestigation in the United States may be of clinical use 
in the future. Second, an electrophysiologic study is 
required to test the efficacy of the new pacemaker 
(DDT) before its permanent implantation in each pa- 
tient. Theoretically, the presence of functional dis- 
_ cordance between anterograde and retrograde proper- 
ties of the A-V conduction system may limit the effec- 
tiveness of this new pacemaker in abolishing the 
tachycardia zone. Therefore, in certain instances, it is 
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full control of hypertension, the need is for agent whose only action is direct arteri- 
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Accordingly, more and more 
physicians are discovering the 
logic of combining a diuretic, 
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dilation. +8 
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minimize weaknesses. . 
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cc se MAO inhibitors with caution in patents receiv- 
“ing hydralazine 
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When other potent parenteral anthypetensive 
drugs, such as diazoxide, are used in combination 
with hydralazine, patients should be continuously 
observed for several hours for any excessive fallin 
blood pressure. Profound hypotensive episodes 

may occur when diazoxide injection and Apresoline 











- ADVERSE REACTIONS ` Ss : 


Adverse reactions with Apresoline are usually re- 
versible when dosage is reduced. However, in 


‘some cases il may Se necessary to discontinue the 


drug. . 
Common: Headache: paipitauons. anorexia. 


































(hydralazine hydrochloride} are used concomi- nausea; vomiting, diarrhea: tachycardia. angina 
tantly. pectoris. 
Usage in Pregnancy Less frequent: Nasa congestion, flushing, lacnma- 
Animal studies indicate that hydralazine is ton. coniunchvitis: peripheral neurilis, evidenced 
teratogenic m mice, possibly in rabbits, and notin by paresthesias, numbness, and tingling: edema: 
fats. Teratogenic effects observed were cleft palate dizziness: tremors: muscle cramps. psychotic reac- 
and malformations of facial and cranial bones. Al- tions characterized by depression, disorentation. 
though clinical experience dees not include any of anxiety, hypersensitivity Gnciuding ragh, ur 
positive evidence of adverse elfects on the human ficaria, pruntus, fever, chilis, arthralgia, easin- 
fetus, hydralazine should not be used during preg- ophilia, and, rarely, hepatitis): constipation; 
nancy unless the expected benefit clearly justifies difficulty in micturition, dyspnea: paralytic ileus; 
the potential risk fo the fetus lymphadenopathy, splenomegaly, Bloog dys- 
PRECAUTIONS éfasias, consisting of reduction in hemoglobin and 
Myocardial simulation produced by Apresoline can red cell count, leukopenia, agranulocytosis, and 
cause anginal attacks and ECG changes of purpura, hypotension: paradoxical pressor 
myocardial ischemia. The drug has been impli- response 
cated in the production of myocardial infarction. it DOSAGE AND ADMINISTRATION 
must, therefore. be used wit caution in patients indiale therapy in gradually increasing dos : 
with suspected coronary artery disease. adjust according to individual respanse. ‘Start with 
The “hyperdynamic’ circulanon caused by 10 mig 4 times daily for the first 2 to 4 days. increase 
Apresoline may accentuate specific cardiovascular io 25 mg 4 times cary for balance cf tirst wee. For 
inadequacies. An example is that Apresoline may second and subsequent weeks. increase dosage 
increase pulmonary artery pressure in patients with fo 50 mg 4 umes caily For maintenance, adjust 
mitral valvular disease. The drug may reduce the dosage io lowest effective lev 
pressor responses to epinephnne. Postural The incidence of toxic reachons, particularly the 
hypotension may result from Apresoline, but is less LE. cell syndrome. is hign in the group Cc patients 
common than with ganghor:c blocking agents. Use receiving large doses of Apregolne 
with caution in patients with cerebral vascular in a few resistant patents. up to 300 mg Apresoline 
accidents daily may be required for as Laruhyper 
in hypertensive patients with normal kidneys who tensive effect, in such cases. a lower dos i . 
are treated with Apresoline. there is evidence of Apresoline combined with a thazide, reserpine, or 
Increased renal blood flow and a maintenance of both may be considered. However. wher combini- 
glomerular filtration rate. in some instances im- ing therapy, individual titration is essential to insure 
proved renal function has been noted where control the lowes! possible therapeutic dose of each drug 
values were below normal prior to Apresoline ad- HOW SUPPLIED 
ministration. However, as wih any antihypertensive Tablets, 10 mg (pale yellow. dry-coaied): dotties of 
agent, Apresoline should be used with caution in 190 and 1006. _ ' í 
patients with advanced renal damage Tablets, 25 mg (deep blue, dry-coated) and 50 mg 
Peripheral neuritis, evidenced by paresthesias, flight blue, dry-coated): bottles of 160, 560, 1000 
numbness. and tingling, has been observed. Pub- and Accu-Pak® bister units of 100 
erate Hil kee a Jablets, 100 mg (peach, cry-coatec:; bates of 100. 
ate ates pie ao pe tose 8g Dispense in ight, ight-resistant cantainer (USP), 
Blood dyscrasias, consisting of reduction in hemo- 865715 C8D-15 (1/80) 
globin and red cell couri. leukopenia, agranulo- P : Giese ‘hs 
cylosis. and purpura. have been reported. ff such CIBA Pharmaceutical Company _ 
abnormalities develop, discontinue therapy Division ot CIBA-GEIGY Corporation 
Periodic blood counts are advised during pro- Summit, New Jersey 07901 
longed therapy. 126-02378-01 
The Apresoiine tabiets (Qand 100 mg) contain 
FD&C Yellow No. 5 (tartrazine: which may cause 
allergic-type reactions (inclucing bronchial asthma) 
in certain susceptible indivi s Although the 
overall incidence of FD&C Yellow No. 5 {tartrazine} 
sensitivity in {he General population is low. itis fre- 
quently seen in patients who also have aspinn . 
hypersensitivity. 
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extends the advantages of 
beta-blocker therapy 


in treating hypertension 


C I B.A 


Why your hospital needs a 
defibrillator on every floor. 


All hospital elevators are notoriously slow. And 

with good reason, because in a hospital, the elevators 
are really freight elevators to move people and 
patients, equipment and supplies. 

But when a life is ticking away, you can't afford to 
be waiting for the elevator. Will it come straight down? 
Or will it stop on another floor to pick up a patient 
on a gurney or to move on a food cart or to pick up 
linen or to transport visitors? Who knows? All you 
really know is that a life is ticking away and you're 
waiting for the elevator. 

Considering what's at stake, and considering the 
relatively low cost of defibrillators, your hospital 
can't possibly make a wiser investment than installing 
an emergency cart on every floor. A Physio-Control 
emergency cart. Topped by a Physio-Control 
Lifepak 6 defibrillator/monitor. Then you're pro- 
tected. And so are your people. And so are 
your patients. 

The time to do it is now. 





Only Physio-Control 
makes the Lifepak’ 


Lif&pak and Physio-Control are registered trademarks of Physio-Control Corporation. World leader in acute cardiac care systems 
11811 Willows Road, Redmond, Washington 98052/(206) 883-1181/Telex 32-0166 Cable: PHYSIO/RED. 





` 10 reasons why 
medicine’s most 
analgesic :=1. 


ues as the standard 

for non-narcotic analgesic 
efficacy’...effective against 
most types of pain. š 






Aspirin acts quickly 


> and predictably. 
e 




















Following ingestion, 
appreciable plasma 
levels are reached in only 30 Aspirin is the drug 
minutes or less? Effects A of choice jor mild 
of a single dose last CaS pain:..but its use 
4-6 hours: shouldn’t be overlooked 

in severe pain, such as the 

Aspirin ts preferable pan of burns and trauma. 

faot when ~ Aspirin is appropriate 


AWA starting therapy for 


ractical, since much W > 
@P jA essentially all treat- 


pain is chronic and 
(Cafe recurring. However, even 
2’ whennarcoticsarerequired, 


concomitant use of aspirin 
+ may permit smaller-than- 

z; usual doses of the poten- 

Œ tially dependence- 


producing agent: 5 
9 


Aspirin is basic anti-inflammatory therapy. This action 
makes it much more useful for inflammatory conditions, 
such as rheumatoid arthritis, than acetaminophen, 
propoxyphene or codeine analgesics which have no anti- 


inflammatory properties? 
É Aspirin has a highly favorable 
@  benefit-to-risk ratio. Aspirin 


ranks as one of medicine’s best-tolerated.. 
drugs?” Serious adverse reactions are 
infrequent with usual analgesic doses: 

’ 











irin i still 
dely us 





Aspirin has a low potential for 
allergic reactions. The incidence of 





Aspirin overdosage is recog- 
nizable, treatable. In 
@ contrast, acetaminophen- 
induced hepatotoxicity 











e 





allergic reactions to aspirin is 


very low considering the vast 


number of tablets taken each year? 
» \ Aspirin-sensitive patients will usually 
Sex\ have a previous history of allergy to 





that may result from other substances? 

overdosage is much 

less amenable to © © 

therapy...and 

variable early symp- E D i 

toms may not be s 

accurately predictive of later serious ee 1. AMA Department of Drugs; AMA Drug Evaluations, 

complications.’ 3rd Edition, Littleton, Massachusetts, Publishing 
k Sciences Groups, Inc., p. 344. 


9, ~ 


Aspirin 1s inex- 
pensive. Aspirin 
still costs patients 
only about a penny per 
tablet. It is less expen- 






. Halpern, L.M.: Minnesota Med. 57:176 (March) 1974. 
. Kantor, T. G.: Drug Therapy 6:169 (April) 1976. 


Hollister, L.E., in Melmon, K.L. and Morelli, H.F., eds.: 
Clinical Pharmacology; Basic Principles in Therapeu- 
tics, New York, The Macmillan Company, 1972, p. 453. 


Moertel, C.G.: Aust. N. Z. J. Med. 6:1 (Suppl. 1) 1976. 


Baum, J., in Conn, H.F., ed.: Current Therapy 1973, 
Philadelphia, W.B. Saunders, 1973, p. 730. 


Weiss, H.J.: JAMA 229:1221 (Aug. 26) 1974. 


Moertel, C.G. et al.: N. Engl. J. Med 286:813 (April 13) 
1972. 


-A . Friend, D.G.: Arch. Surg. 108:765 1974. 
sive than most commonly AENA Tapon: eee dine) ; 
A ; 10. American Academy of Pediatrics, Committee on Drugs: 
. used drugs for pain and a great Pediatrics 61:108 (Jan.) 1978. 


ea e aaa aeal less expensive than the 
newer non-steroidal 
antiarthritic agents. 





Aspirin is unique. 


No analgesic, no anti- 
pyretic, no anti- 
@ inflammatory agent 


can match its broad clinical versatility, 
‘its almost 80 years of experience or 
‘its outstanding record of therapeutic 
effectiveness. 








purity...quality...stability 


The Bayer Company, . 
Glenbrook Laboratories, 90 Park Avenue, New York, New York 10016 
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_ Medtronic leads the way | 


to man’s heart with new versatility 
for treating a broad 
spectrum of conditions. 


Spectrax-SX ...the remarkable new ultra- 
programmable pacemaker from Medtronic 
... allows creation and adaptation of a set of 
pacing parameters ideal for each individual 
patient, today and for years to come. It com- 
bines lithium longevity with unexcelled ad- 
justability in the smallest programmable 
available. 

The Spectrax-SX pacemaker lets you pre- 
scribe treatment parameters for each particu- 
lar patient at implant, then respond non- 
invasively with exceptional accuracy to 
changes in condition, anticipated or unantici- 
pated. Adjust rate, pulse width, sensitivity, 
refractory period, hysteresis, pulse amplitude 
and pacing mode. The Spectrax-SX system 
even gives you an exact readout on pacemaker 
performance. 

The Spectrax-SX pacemaker provides for 
precise management of a wide variety of pre- 
viously uncontrollable conditions. Its exten- 
sive versatility can make possible a more 
comfortable, normally active life for many 
patients. 






SI EC I R X. 


... broadening the spectrum of precise patient management 


. LA Medronic 


...leading the way to man’s heart. 
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‘MEDTRONIC PRODUCT 
INFORMATION SUMMARY 


Medtronic® Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
ebom for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications—There are no known contraindications 

> tothe use of pacing as a therapeutic modality for the control 

of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 

(WPW syndrome and related conditions), patients may be 

- benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 

-plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
‘implantation procedure used by the physician. 
Warnings—Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 

-used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 

= may be damaged by defibrillatory discharges if the paddies 
are placed over the implanted pulse generator. (See prod- 
uct labeling for a complete list of warnings and precau- 
tions.) 

--Precautions—The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted prior to failure. 

Also, that the pacing system may cease to function at any 

time due to lead-related problems such as displacement, 

- fracture, fibrotic tissue formation, elevated thresholds and 

“medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 

equipment. 

Side Effects—Body rejection phenomena, including local 

tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
-lead-related thrombosis, embolism and cardiac tam- 
< ponade. 


Model 9700/9701 Programmers 


_Intended Use—The Medtronic® Model 9700 and 9701 Pro- 

grammers are designed to be used by a physician for 
noninvasively programming the Medtronic® pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tal complications associated with use of the programmer. 
However, these devices should not be used without prior 
Study of the technical manual supplied with each pro- 

“grammer. 


Warnings—The programmers should only be used for pro- 
-gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occur if the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
pota labeling for a complete fst of warnings and precau- 
ions. 
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now available in paperback: 
Laragh’s HYPERTENSION MANUAL 


You Can Now Buy This Famous Bestseller « 
in Three Convenient Paperback Volumes 
Covering the Major Sections in the Original: 


1. Mechanisms—cinicai teatures 
and the physiologic and biochemical mecha- 
nisms of hypertension (Partial Contents) W Arte- 
rial Pressure Regulation, Overriding Dominance 
of the Kidneys in Long-Term Regulation and in 
Hypertension m A Viewpoint concerning the 
Enigma of Hypertension E The Control of Renin 
Release m The Control of Aldosterone Secretion 
in Normal and Mypertensive Man: Abnormal 
Renin-Aldosterone Patterns in Low Renin Hyper- 
tension m@ Physislogic Characteristics of Hyper- 
< tension m@ Blood Pressure and Cardiac Per- 
formance Wi Neurogenic Factors in Human 
Hypertension: Mechanism or Myth? E 


505 pages, 150 figs. and tbis., index, $12.50 


2. Methods—te methodology in- 
valved in the evaluation of the physiologic pa- 
rameters of high blood pressere. m An Eval- 
uation of Measurement Performance of Selected 
Blood Pressure Devices W Assay of Plasma Cate® 
cholamines. An Approach to Evaluating Altered 
Sympathetic Activity in Essential Hypertension W 
The Measurement of Plasma Renin Activity in © 
Man @ Measurement of Urinary Aldosterone Ex- 
cretion in Man @ Radioimmunoassay of Plasma 
Aldosterone W Searching Out Low Renin Pa- 
tients: Limitations of Some Commonly Used 
Methods 


120 pages, 50 figures and tables, index, $7.50 


3. Renin System, Drug Ther- 
apy, and Diet—the principles ot man- 


meat and treatment, including the role of 
renin-aidosterone system in the strategy of 
treatment for high blood pressure. Also in- 
cludes speciai sections of hypertensive drug 
therapy and iow sodium diet. W Vaso- 
constriction-Volume Analysis for Understanding 
and Treating Hypertension. The Use of Renin and 
= Aidosterone Profiles m The Volume Factor in Low 
and Normal Renin Essential Hypertension. Its 
: Treatment with Either Spironolactone or Chlor- 
thalidone m The Antihypertensive Action of Pro- 
pranoloi. Specific Antirenin Responses in High, 
and Normal Renin Forms of Essential. Renal. 
Renovascular and Malignant Hypertension $ 
Antihypertensive Drug Therapy m Moderate Low 
= Sodium Diet 


195 pages. 25 figures and tables, index, $7.50 


Master Professor of Medicine 

Director of the Cardiovascuiar Center 

The New York Hospital~Corneil Medical Center 

and Founder of the Hypertension Center 
Columbig-Presbyterian Medicai Center, New York, N.Y. 


——_ 


Yorke Medical Books [0 666 Fitth Avenue, New York. N.Y. 10019 * 
Please send me the following: HYPERTENSION Paperbacks ° 





Western Hemisphere Other Countries 
© 1. Mechanisms .....000.0.. 00.00... 2c cece eee ah SSO cei sence: $14.00 
EY eo i BERE sad peaked a an enh dad Md at $788.00, $ 8.50 
© 3. Renin System, Drug Therapy and Diet ............ eE ve5 ks $ 8.50 
G AH three paperbacks l...a aaa aaa $25.08 202.2000... $36.00 
O ORIGINAL HARD COVER EDITION. $37.06 ..00.0....., $42.00 
HAME inue etol P Si a Bn A bel a ee wt ee 
ADDRESS on ht ta a RR a ate 
DRT vic i ie Sones oe Se SOO TATE use PIP oe 


D Full payment enclosed, publisher absorbs shipping cost. O Send invoice, plus shipping cost » . 
(U.S. and Canada omy). 

Countries outside Western Hemisphere please prepay in B.S. funds. . 
New York State residents add applicable sales tax. AJC-1/80 
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In cardio-diagnostic procedure, 
detail is everything, and the key 
to detail in ultrasound scanners, 
ıs resolution. The finer the resolu- 
tion, the clearer the detail, and 
the easier it is to make an accu- 
rate diagnosis of a cardiac condi- 
tion. i 

Our new heart dedicated 
Sonolayergraph SSH-104A is 
unsurpassed when it comes to 
resolution, providing an ultrafine 
diagnostic image. 


The SSH-10A Sonolayergraph 
represents the state-of-the-art in 
highly advanced high speed 
ultrasonic electronic scanners. A 
real time cross sectional, two- 
dimensional “B” mode image of 
the heart structure can be clearly 
obtained by positioning the probe 
on the chest wall. Valve move- 
ments, chamber size and detail of 
the internal structures of the heart 
can be clearly observed, 
measured and diagnosed. The 
SSH-104A is also capable of ob- 
taining two “M” mode tracings 
simultaneously as well as 
Kymograph* studies. With its 78° 
true wide angle sector range, the 
SSH-10A provides a permanent 
EKG, phono-cardiogram, and 
patient ID with digital 

caliper read-out on 

the CRT in the “B” 


Details about 
e heart you never 


thought possible 


oshiba’s dedicated heart ultrasound, featuring 
ltrafine resolution and electronic phased array 
in real time images 


MEDICAL SYSTEMS 


In Touch with Tomorrow 


Division Of Toshiba International Corporation 
1154 Dominguez St., Carson, California 90745 (213)638-5153 


mode. The two angles of the “M” 
mode can also be easily dis- 
played independently on a 
second CRT and/or strip re- 
corder. Additionally, the “M” 
mode provides four channels of 
physiological monitoring, EKG, 
phono-cardiogram, carotid pulse 
and apex pulse. 

When it comes to providing an 
accurate picture of your patient's 
heart condition, there are two 
things to remember, resolution 
and Toshiba. 


*Kymograph is a composite of 
“B” mode images obtained from 
a gated EKG 





No Drug Accumulation 
Over 6-Month Period 


it $ 
0 2 4 6 8 101244 16 18 20 22 24 26 28 


Pharmacokinetics 

Ativan (lorazepam) is eliminated more rapidly 
than other benzodiazepines; generates no 
Clinically active metabolites. The half-life of 
free lorazepam is about 12 hours; steady-state 
blood levels are attained in 2-3 days. 
(Comparable data for diazepam: 20-50 hours 
and at least 7-10 days.) Ativan shows no 
evidence of accumulation, even when given in 
high doses for as long as 6 months. 

(The pharmacokinetic profile of a drug can 
define such characteristics as absorption, 
distribution, metabolism and elimination but 
cannot, at present, be directly related to its 
therapeutic effectiveness.) 


Copyright © 1979, Wyeth Laboratories Div. of AHPC. N.Y., N-Y. All rights reserved 





Anxiety neuroses 

In many nationwide studies involving 
thousands of patients with anxiety neuroses, 
Ativan (lorazepam) consistently provided 
significant relief of anxiety, tension, agitation 
and irritability as measured by standard 
Hamilton, Global (physician rated) a 
and 35-ltem (patient self-rated) scales. 


They're all about the same, aren’t they? Until recently, that seemed to sum up 

the prevalent attitude about the benzodiazepines. After all, they all work similarly 
and all are effective anxiolytics. With seven of these compounds now available, 
however, differences have begun to emerge. Foremost among them: — 

different metabolic pathways, which distinguish the relatively short-acting Ativan 
(lorazepam) from long-acting diazepam, clorazepate and chlordiazepoxide. 

At the same time, your choice can be made with confidence in the clinical record 
of Ativan, which confirms its value in anxiety neuroses and in significant anxiety 
associated with functional or organic disorders, as well as in older patients. 


Consider the record of Ativan: 


e 





Anxiety in 

cardiovascular disorders 

Ativan (lorazepam) has been specifically 

evaluated and found effective in seven 

common protocol, double-blind studies 
s involving 423 patients (211 on Ativan) 
whoseeanxiety was related to organic 
and functional cardiovascular disorders. 
The cardiovascular component 

has not, of course, been shown to be 
significantly benefited by such therapy. 


Anxiety in 

gastrointestinal disorders 

So far, nine common protocol, double-blind 
studies of Ativan have focused on anxious 
patients with functional or organic 
gastrointestinal complaints (457 patients, 
234 on Ativan). Ativan was clearly effective 
in reducing the anxiety of these patients. 
The gastrointestinal component has not, 

of course, been shown to be significantly 


Anxiety in 

the aging patient 

Because its simple metabolism is not readily 
impaired with advancing age, and 
accumulation is not likely to present a 
problem, Ativan is a good choice for older 
patients. Those who have trouble swallowing 
solid medication appreciate the small Ativan 
tablet, which is tasteless and disintegrates 
within seconds in water or fruit juice. 


benefited by such therapy. 
Ati van: 





(lorazepam) 
““Anxie ety 


See important information on following page. 


, aesociated witty anxiety neuroses and transient situational disturbances: anxiety 
associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
iome are a Significant feature of functional or organic disorders, particularly gastrointestinal or 
















- Contraindications: Known sensitivity to benzodiazepines or acute narrow-angie daora 
‘Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
4 drugs, warty patients on lorazepam not to operate machinery or motor vehicles. and ef 
diri ished tolerance for alcohol and other CNS depressants. 
Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turaes anu alcohol have. occurred following abrupt discontinuance of benzodiazepines 
Jading convulsions, tremor, abdominal and muscle cramps. vomiting and sweating) Addic- 
‘on-arone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
heron benzodiazepines because of their predisposition to habituation and dependence. 
z Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepnes taken continuously at therapeutic levels for several months. 


Precautions: in depression accompanying anxiety. consider possibility for suicide. 
_Fovelderly ar debilitated patients. initial daily dosage shouid not exceed 2mg to avoid over- 











“Jerminate dosage. gradually since abrupt withdrawal of any antianxiety agent may result ir 
mplonis ike those being treated: anxiety, agitation, irritability. tension. insomnia and occa 
ina Convulsions. 

: Observe usual precautions with impaired renal or hepatic function. 

Where Gastrointestinal of cardiovascular disorders. coexist with anxiety, note that iorazeparr 
not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
ani: ; 

-Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
amg day. Noeffect dose was 1.25mgq/kg/ day (approximately 6 times the maximum human 
fapeutic dose of 10mg/ day). Effect was reversible only when treatment was withdrawn within 
-moths of first observation. Clinical significance is unknown: but use of lorazepam for pro- 
tonged periods and in geriatric patieris requires caution and frequent monitoring for symptoms 
upper Gl disease 

Safety and effectiveness in ghildrer-under 12 years have not been established 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia. some have had 
elevations of LOH As with other benzodiazepines. periodic blood counts and liver function tests 
atë revorimended. during long-term therapy. 


INICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
alecs when administered with such medications as barbiturates or alcohol. 


CARCINOGENESIS AND. MUTAGENESIS: No evidence of carcinogenic potential emerged in 
vais duzing an month study. No studies regarding mutagenesis have been performed. 


“PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits 
Sccasonal anomalies (eduction of tarsais, tibia, metatarsals. matrotated limbs, gastroschisis, 
malformed skull and icrophthaimia) were seen in drug-treated rabbits without relationship tc 
dosade Although alt these anomalies were not present in the concurrent control group. they 
‘Have been reported to dccur randomly in historical controls. At 40mg/kg and higher. there was 
“evidence of fetal resorption and increased fetal loss in rabbits which was not seen at jower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor fanquilizers (chlordiazepoxide, diazepam and 
feprotiamate} during first trimester of pregnancy has been suggested in several studies. 
» Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant ‘al institution of therapy shouk! be considered. Advise patients if they become preg- 
“nant to communicate with théir physician about desirability of discontinuing the drug. 

in hurtans, blood levels from umbilical cord biood indicate placental transfer of lorazepam 
andie dlucuronide. 

NURSING MOTHERS: R is not known if oral lorazepam is excreted in human milk fike other 
benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 

ny drags are excreted in milk 


Adversa Reactions, if they occur, are usualy observed at beginning of therapy and generally 
: disappear on continued medication or o9 decreasing dose. in a sample of about 3,500 anxious 

atients. most eguet adverse reaction le sedation (15.9%), followed by dizziness (6 9%). 
: Weakness (4.2%) and unsieadiress (34%) Less frequent are disorientation, depression, nau- 

sea change in appetite. headache, sleep disturbance, agitation, dermatological symptoms. eye 
fonchon disturbance, various gastrointestinal symptoms and autonomic manifestations. inci- 
dence of sedation and unsteadiness increased with age. Smali decreases in blood pressure 
‘Neve bees noted but are Act clinically significant, probably being related to relief of anxiety. 


Overdosage: in management of overdosage with any drug, bear in mind that multiple agents 

ay have been taken. Manifestations of overdosage include somnolence, confusion and coma. 

induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 

ing of vita’ signs and.close observation. Hypotension, though untixely, usually may be controlied 
th Levarterenol Sitartrate injection USP Usetuiness of dialysis has not been determined. 
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The M mode echocardiograms and pathologic specimens from 18 infants 
with the hypoplastic left heart syndrome were compared to determine 
the accuracy with which the echocardiogram reflects the state of the __ 
mitral valve, left ventricle and aortic valve, and its limitations in estab- __ 
lishing this diagnosis. Mitral valve echoes were recorded in 7 ofthe 11. __ 
cases with an anatomic mitral valve orifice diameter greater than’3 mm. 
Ventricular septal echoes were found only in the seven cases in which __ 
the mitral valve was recorded. Differences between echocardiographic i 
and anatomic left ventricular internal dimensions were not statistically. 
significant in this small group. When aortic valve echoes were recorded, 
this valve was always patent in the anatomic specimen. The aortic valve 
was atretic in 9 of the 11 cases in which no aortic valve echoes were 
present. The echocardiographic and anatomic aortic root dimensions had. 
a statistically significant correlation (p <0.05), but there was considerable 
scatter in the data. 

None of the 18 infants met all of the previously proposed criteria for the 
echocardiographic diagnosis of hypoplastic left heart syndrome. An 
echocardiographic left ventricular dimension of 10 mm or greater wa: 
present in five cases (28 percent), and an aortic root dimension of 10 mm 
or greater in six (33 percent). The most reliable echocardiographic finding 
was excursion of 5 mm or less of the anterior leaflet of the mitral valve 
or inability to detect the mitral valve. Noninvasive findings are not always 
sufficient to establish the diagnosis of hypoplastic left heart syndrome, 
and further studies may be necessary in some patients. 




























The hypoplastic left heart syndrome involves a spectrum of hypoplasia 
or atresia of the mitral valve, left ventricle and aortic valve. Infants with. 
this syndrome usually have congestive heart failure within the Ist few 
days of life. Efforts at surgical palliation have been largely unsuccessful, 
and the majority of the affected infants die before 1 month of age.’ The 
outlook for infants with a diagnosis of hypoplastic left heart syndrome 
may affect therapeutic decisions. For this reason it is important to dis- 
tinguish infants with this syndrome from infants with a similar clinical 
presentation whose condition might respond to medical management 
{sepsis or persistent fetal circulation) or might benefit from surgical 
intervention (critical aortic stenosis or obstructed total anomalous: 
pulmonary venous drainage). 

Echocardiographic findings characteristic of hypoplastic left heart 
syndrome have been described, 2-7 and echocardiography has greatly 
aided evaluation of infants suspected of having this syndrome. A recent 
report® has cautioned against relying on echocardiography alone to es- 
tablish the diagnosis when findings are not typical. In some centers, 
additional diagnostic studies are performed only if echocardiographic 
findings are not classic.4%!° It is therefore important to determine the 
accuracy of the echocardiogram in reflecting the actual anatomic findings 


» 
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in hypoplastic left heart syndrome and its limitations 
in establishing the diagnosis. 

Previous studies2-? have primarily described echo- 
cardiographic findings in infants with hypoplastic left 
heart syndrome and have not correlated these findings 
with the anatomic features. We compared echocardio- 
graphic and pathologic findings in 18 infants with hy- 
poplastic left heart syndrome in order to evaluate the 
limitations of echocardiography in establishing the di- 
agnosis as well as the reliability with which it reflects the 
state of the mitral and aortic valves and the left ven- 
tricle. 


Methods 
At the University of Minnesota Hospitals between 1974 and 


1978, heart specimens were obtained at autopsy from 18 in- 
fants with anatomically established hypoplastic left heart 








FIGURE 1. Case 3. Aortic stenosis with 
hypoplastic mitral valve and left ven- 
tricle. a, echocardiogram. Mitral valve 
(MV) echoes with diminished excursion 
are recorded posterior to the tricuspid 
valve (TV). During diastole, echoes of 
the mitral valve posterior leaflet move 
away from echoes of the anterior 
leaflet. b, specimen of left atrium (LA), 
hypoplastic left ventricle (LV) and hy- 
poplastic mitral valve; the anterior 
leaflet (AM) of the mitral valve is more 
apparent than the posterior leaflet in 
this perspective. 


syndrome who had undergone M mode echocardiography 
during life. 
Autopsy specimens: In the pathologic specimens, each of 
which had been fixed in an undistended state in formalde- 
hyde, the diameters of the mitral and aortic valves, when 
present, were determined by finding the largest probe diam- 
eter that would easily pass through the valve orifice. When 
there was critical aortic stenosis or aortic valve atresia, the 
diameter of the aortic root was measured. An index of the 
diameter of the left ventricle was determined by measuring 
the horizontal distance from the center of the base of the 
posterior mitral valve leaflet to the center of the base of the 
right aortic cusp. This dimension was chosen because of its 
similarity to the location used in echocardiographic deter- 
mination of the internal dimension of the left ventricle. 
Echocardiographic measurements: The M mode echo- 
cardiograms had been recorded with a Smith-Kline Instru- 
ments Ekoline® ultrasonoscope using a 3.5 or 5.0 megahertz 


FIGURE 2. Case 1. Parachute mitral 
valve associated with hypoplastic 
left ventricle and other anomalies. 
a, echocardiogram. Mitral (MV) and 
tricuspid valve (TV) echoes are re- 
corded simultaneously. During 
diastole, echoes of the posterior 
mitral leaflet exhibit paradoxic an; 
terior motion, in parallel with those 
of the anterior leaflet. b, specimen 
of left atrium (LA), mitral valve and 
left ventricle (LV). Within the latter 
is a solitary papillary muscle char- 
acteristic of parachute mitral valve. 
An associated ventricular septal 
defect is seen in the background. 
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FIGURE 3. Case 6. Aortic atresia 
with ventricular septal defect and 
parachute mitral valve deformity. a, 
echocardiogram. A small left ven- 
tricular cavity (LV) is recorded in 
which mitral valve echoes can be 
seen during early diastole. The 
motion of the intraventricular septal 
(IVS) echoes is paradoxic. LVPW = 
posterior wall of left ventricle. b, 
specimen showing the left atrium 
(LA), mitral valve and left ventricle 
(LV). The latter is moderately hy- 
poplastic. An associated ventricular 
septal defect is out of view in this 
perspective. 


transducer. Fourteen of the echocardiographic studies were 
performed by an experienced echocardiographer; an addi- 
tional four studies were performed at night by the pediatric 
cardiology fellow on call, usually without supervision by an 
experienced echocardiographer. 

Mitral valve excursion in the echocardiogram was measured 
as the vertical distance from the D point to the E point of 
mitral valve echoes. Patterns of motion of the echoes of the 
anterior and posterior mitral valve leaflets were also noted 
(Fig. 1 and 2). The left ventricular end-diastolic diameter was 
measured between the endocardial echoes of the ventricular 
septum and the left ventricular posterior wall at the time of 
the peak of the R wave of the electrocardiogram. Ventricular 
septal motion was noted and described as normal or paradoxic 
(Fig. 3). The diameter of the aortic root was measured at the 
time of the peak of the R wave of the electrocardiogram when 


FIGURE 4. Case 5. Aortic valve ste- 
hosis with a hypoplastic left ventricle 
and parachute mitral valve deformity. 
a, echocardiogram. The aortic (Ao) root 
is recorded with echoes of opening and 
closure of the aortic valve, suggesting 
that the aortic valve is patent. LA = left 
atrial cavity. b, specimen of the stenotic 
aortic valve viewed from above. 
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parallel motion of the aortic walls was demonstrated in the 
echocardiogram. Frequently, echoes from the aortic cusps 
were not identifiable; in these cases, the measured diameter 
of the aortic root may have been tangential and thus, may not 
represent a true diameter. Aortic valve cusps were said to be 
recorded when opening or closing echoes were noted (Fig. 4) 
but not when linear echoes were recorded within the aortic 
root (Fig. 5). 

Evaluation of findings: Although the echocardiograms 
and pathologic specimens were examined with knowledge that 
the hypoplastic left heart syndrome was present, the exact 
anatomic details were not known. The results were examined 
to determine the frequency with which the echocardiograms 
correctly predicted the state of the aortic valve, mitral valve 
and left ventricle in each heart. When those structures had 
been recorded, the anatomic and echocardiographic mea- 
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surements were statistically compared. In addition, we com- 
pared our findings with published criteria!! for the echocar- 
diographic diagnosis of hypoplastic left heart syndrome to 
determine how many of our cases might have been correctly 
diagnosed with echocardiography. 


Results 


Of the 18 infants, 13 were male and 5 were female 
(male to female ratio 2.6:1). The average ages at pre- 
sentation and at death (excluding one patient who 
presented at age 6 weeks) were 2.9 days and 4.4 days, 
respectively. The echocardiographic and anatomic 
findings are summarized in Table I. 

Pathologic findings: In every case, the pathologic 
examination revealed a smaller than anticipated left 
ventricular diameter as determined qualitatively. As- 
sociated valve changes were as follows: (1) coexistent 
aortic and mitral atresia (three cases); (2) aortic atresia 


TABLE | 
Echocardiographic and Pathologic Findings 


FIGURE 5. Case 6. Aortic atresia with 
ventricular septal defect and parachute 
mitral valve deformity. a, echocardiogram. 
Multiple linear echoes are recorded within 
the aortic (Ao) root. No echoes suggesting 
opening or closure of the aortic valve are 
present. In most, but not all cases, this 
pattern corresponded with aortic atresia. 
LA = left atrial cavity. b, transected pul- 
monary trunk (below) and ascending aorta 
(above) showing corresponding valve. The 
aorta is hypoplastic and its valve is 
atretic. 


with hypoplastic mitral valve (six cases); (3) mitral 
atresia with patent aortic valve (two cases, one with 
double outlet right ventricle); and (4) hypoplastic mitral 
valve and patent aortic valve (seven cases, one with an 
endocardial cushion defect involving the atrioventric- 
ular [A-V] valves). 

Mitral valve: The mitral valve was atretic in 5 and 
hypoplastic in 12 of the 18 specimens; in 1 heart, the 
mitral valve mechanism was part of a partial type of 
common A-V canal (cleft anterior mitral leaflet with 
intact tricuspid valve). The echocardiogram had not 
demonstrated mitral valve echoes in any of the five cases 
with mitral atresia. 

In 7 of the 13 hearts with pathologic confirmation of 
a hypoplastic mitral valve, the echocardiogram had 
shown mitral valve echoes. The mitral valve orifice 
ranged in diameter from 4 to 7 mm, in six of the seven 
hearts. The specimen with the partial type of common 








Body Mitral Valve (mm) Left Ventricle (mm) Aortic Root (mm) 

Case Weight Anatomic Echo Posterior Anatomic Echo Ventricular Anatomic Echo Aortic Valve 
no. (9 Diameter Excursion Leaflet Motion Diameter Diameter Septal Motion Diameter Diameter Anatomic Echo 
1 3590 4 4 p’ 12 10 PA 4 12 S t 
2 3350 10 & AVC 11 12 NI 7 13 NI t 
3 3400 6 3 NI 10 10 PA 5 10 S NR 

4 4500 7 4 NI 10 12 PB 5 § S 

5 3500 § 5 NI* 9 10 PA 5 E S t 

6 3120 5 5 NI* 8 9 PA z E A NR 

7 3340 5 4 P 8 8 PA 3 11 S iJ 

8 3760 3 NR NR 11 NR NR 3 NR A NR 

9 3040 5 NR NR 10 NR NR 3 5 A NR 
10 2900 5 NR NR 10 NR NR 2 g A NR 
11 3310 CE NR NR 10 NR NR 3 7 S NR 
12 3860 1 NR NR 5 NR NR 3 6 A NR 
13 3400 1 NR NR 4 NR NR 2 NR A NR 
14 = 3200 A NR NR 2 NR NR 3 9 S t 
15 2450 A NR NR 2 NR NR 6 14 NI t 
16 3660 A NR NR slit NR NR 4 10 A NR 
17 2820 A NR NR slit NR NR 2 8 A NR 
18 3170 A NR NR slit NR NR 1 NR A NR 





* Parachute mitral valve. 
T Aortic valve echoes recorded. 


A = atretic; AVC = atrioventricular canal defect; CE = could not evaluate; Echo = echocardiographic; NI = normal; NR = not recorded; P = 
parallel; PA = type A paradoxic ventricular septal motion; PB = type B paradoxic ventricular septal motion; S = stenotic. 
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* A-V canal had a mitral valve orifice diameter of 10 mm; 
the echocardiogram had shown a mitral excursion of 8 
mm. In the remaining 6 of the 13 cases with hypoplastic 
mitral valve, no mitral echoes were recorded. In two of 
these, the mitral orifice was about 1 mm in diameter and 
in the others, 3 to 5 mm. The condition of one specimen 
was inappropriate for measurement of orifice diameter. 
The anatomic diameters of the mitral valve orifice had 
a statistically significant correlation with echocardi- 
ographically recorded excursions of the mitral valve (r 
= 0.73, p <0.05) (Fig. 6). 

There were three examples of parachute mitral valve. 
The echocardiographic findings were not uniform in 
these cases. One of these hearts was among the two with 
paradoxic motion of the mitral leaflet; the other two 
hearts with parachute mitral valve did not display 
paradoxic motion. 

Left ventricle: In three cases, each with coexistent 
aortic and mitral atresia, the left ventricular chamber 
was represented by an endocardium-lined slit in the 
pathologic specimen. Four other specimens had a very 
-small left ventricular chamber (diameter 2 to 5 mm). 

_ The remaining 11 specimens had lesser degrees of hy- 
- poplasia with a left ventricular diameter of 8 to 12 mm. 
- The echocardiogram had not recorded the left ventricle 
In any of the seven cases with a left ventricular diameter 
of 5 mm or less. In one of these seven cases, echoes that 
“had been interpreted as originating from the ventricular 
septum at the time of the initial examination were ac- 
tually reflected from the tricuspid valve and its sup- 

porting apparatus (Fig. 7). In 7 of the 11 cases with a 

larger left ventricle (diameter 8 mm or greater), this 

chamber was identified on echocardiographic study. All 
seven echocardiograms had been performed by an ex- 
perienced echocardiographer. Ventricular septal motion 
was paradoxic in the echocardiogram of six of these 

` geven cases. In the remaining four cases with a similar 
ventricular diameter, the left ventricle was not recorded 
in the echocardiogram. The correlation between 
-pathologic and echocardiographic diameters of the left 
- ventricle was not statistically significant (r = 0.63, p 

20.05) (Fig. 8). 

-- Aortic valve: The aortic valve was atretic in 9 of the 
-18 specimens, stenotic in 7 and normal in 2. No aortic 
-valve echoes were recorded in the nine cases with aortic 
* valve atresia. Echoes from the opening of the aortic 
valve were present in five of the seven cases with aortic 
stenosis. In the remaining two cases, the aortic valve was 
normal on both echocardiographic and pathologic 
study. 

-The internal diameter of the aortic root measured 1 
to 7 mm in the 18 pathologic specimens. Echocardi- 
ographically, the aortic root was not recorded in three 
specimens, each with an internal aortic root diameter 

< cof 3 mm or less. The aortic root was recorded in the 

‘other 15 specimens; these had an echocardiographic 
«external aortic root diameter of 5 to 14 mm and an an- 
-atomic internal diameter of 2 to 7 mm. The anatomic 
. and echocardiographic aortic root diameters had a 

_ Halisteally significant correlation (r = 0. 50, p <0.05), 

-but there was considerable scatter (Fig. 9). 
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Echocardiographic Mitral Valve 


Anterior Leaflet Excursion (mm) 
FIGURE 6. Comparison of the echocardiographic mitral valve excursion: = 
(MVecuo) and the anatomic diameter of the mitral valve orifice (MVpatsk © 
Although the correlation is statistically significant, the clustering of 
cases at both ends of the regression line makes it hazardous to predict © 
the anatomic mitral orifice from the echocardiogram on the basis of © 
these data. ` 




















Comment 


Several investigators" have reported M mode 
echocardiographic findings in patients with the hypo- 
plastic left heart syndrome. The majority of these- 
studies?-§ have compared these findings with those of . 
normal infants in order to establish criteria for the 
echocardiographic diagnosis of this syndrome. Farooki 
et al.,” in 1976, noted a “gross correlation” between the 
aortic root diameter measured angiographically or 
pathologically and that measured echocardiographi- 
cally. Other investigators?-6 have commented that the | 
echocardiogram reflects the degree of hypoplasia of the’ 
left-sided structures, but no systematic comparison has: 
been attempted. We have extended these observations - 
by comparing the anatomic dimensions of the mitral 
valve, left ventricle and aortic valve with measurements 
from M mode echocardiograms recorded during life in” 
18 infants with the hypoplastic left heart syndrome. 

Comparisons of anatomic and echocardiographic - 
findings: In all of our cases in which mitral valve echoe 
were recorded on M mode echocardiography, pathologie 
study revealed a patent mitral valve with an orifice di- 
ameter greater than 3 mm. In each of these cases, ven- 
tricular septal echoes were also present in the echocar- 
diogram, and the anatomic left ventricular diameter 
measured 8 to 12 mm. When echoes from the mitral 


* 
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valve were not identified, echoes of the ventricular 
septum were also absent. However, in such cases the 
mitral valve was not always atretic nor the left ventricle 
severely hypoplastic in the pathologic specimen. In four 
cases in which pathologic study revealed a mitral valve 
orifice greater than 3 mm and a left ventricular diameter 
of 8 to 12 mm, these structures were not identified 
echocardiographically. Three of these studies had been 
performed by an experienced echocardiographer. 
Failure to identify echoes from the mitral valve and 
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Echocardiographic Diastolic Left 
Ventricular Dimension (mm) 
FIGURE 8. Linear regression analysis of the comparison of echocar- 
diographic left ventricular dimension (LVecHo) and anatomic left ven- 
tricular diameter (LVpaty). The correlation is not statistically significant 
in this small group of cases. 


FIGURE 7. Case 16. Coexistent aortic and 
mitral atresia with blind hypoplastic mitral 
valve (case in which the echocardiogram 
was misinterpreted). a, echocardiogram 
initially interpreted as showing evidence of 
an identifiable left ventricular (“LV”) 
chamber. “IVS” = ventricular septal 
echoes; “MV” = mitral apparatus. b, same 
case. Echocardiogram obtained with a 
slightly different transducer angulation, 
demonstrating that the echoes were actu- 
ally produced by the tricuspid valve (TV) 
and its supporting apparatus. 


ventricular septum in these four cases is not explained 
and may have resulted from a limited echocardiographic 
examination. 

In each case in which echoes of the aortic valve were 
identified, the valve was patent in the pathologic spec- 
imen. In some of these the valve was stenotic. The valve 
was atretic in 9 of 11 cases in which echoes from the 


AGpary 70.28 x AO coy + 1.3mm 
r=0.50 

n=15 

p<0.05 
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Echocardiographic Aortic Root 
External Diameter (mm) 


FIGURE 9. Linear regression analysis of the comparison of echocar- 
diographic aortic root dimension (Adgcyo) and anatomic internal di- 
ameter of the aortic root (AOpaty). Although the correlation is statistically 
significant, sufficient scatter is present to prevent accurate prediction 
of aortic root size from the echocardiogram using these data. 
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aortic valve were not demonstrated in the echocardio- 
gram. 
: Hypoplasia of mitral valve: When the mitral valve 
“was recorded in the echocardiogram, its excursion had 
a statistically significant correlation with the anatomic 
diameter of the valve (p.<0.05). However, there were no 
cases intermediate between the six markedly hypo- 
plastic mitral valves and the single larger valve, the 
latter associated with a common A-V canal deformity. 
It would be hazardous to attempt to predict the ana- 
tomic size of the orifice of the mitral valve from the 
echocardiographic excursion in other patients on the 
basis of these data. The echocardiographic excursion of 
the six hypoplastic mitral valves ranged from 3 to 5 mm. 
Our findings suggest that this range of excursion should 
be strongly suggestive of hypoplasia of the mitral 
valve. 
Paradoxic anterior motion of echoes from the poste- 
rior mitral valve leaflet.during diastole is a characteristic 
“feature of acquired mitral stenosis and occurs commonly 
—in-congenital mitral. stenosis not, associated with 
_ coarctation of the aorta or a ventricular septal defect.!2 


<o [nour small group, this finding occurred in only two of 
- six cases with a hypoplastic mitral valve. We detected 


:- no anatomic findings that might explain this echocar- 
diographic difference between these cases and cases of 
~ hypoplastic mitral valve without paradoxic anterior 
motion. 

Small left ventricular diameter: The measured 
ahatomic diameter of the left ventricle did not have a 
statistically, significant correlation with the echocar- 
diographic diastolic left ventricular internal dimension. 
The lack of correlation might in part be explained if the 
echocardiographie and anatomic measurements were 
obtained from different diameters of the left ventricle. 
Bécause the pathologic specimen is not distended by 
blood and usually shrinks with-fixation, the echocar- 
diographic dimension would be expected to be larger 
than the anatomic diameter. This was not uniformly the 
case; thus the measurements in the specimen and in the 
echocardiogram may have been made from different 
= portions of the left ventricle. Also, the echocardio- 
graphic dimensions may be in error because of problems 
- with angulation caused by displacement of the small left 
véntricle. 

Aortic atresia: Comparison of the echocardiographic 
and anatomic diameters of the aortic anulus yielded a 
statistically significant correlation (p <0.05), but there 
was considerable scatter. Therefore, on the basis of our 
study, exact prediction of the size of the aortic valve 
anulus from the echocardiogram is not possible i in an 
individual patient. The poor correlation in our cases 
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may have been caused by tangential recording of the 
aorta by echocardiography, although all measurements 
were made when parallel wall movement was present: 

The four echocardiographic studies performed by _ 
pediatric cardiology fellows were as reliable in detecting 
anatomically present structures as those performed by _ 
more experienced echocardiographers. Exclusion of 
these four studies from the statistical comparison of 
echocardiographic and anatomic measurements of 
aortic root size did not improve the correlation. - 

Proposed echocardiographie criteria: The fol- | 
lowing criteria have been proposed for the echocardio- 
graphic diagnosis of hypoplastic left heart syndrome!!: 
(1) The mitral valve displays diminished excursion; (2) __ 
the left ventricular internal dimension is less than 10 
mm; and (3) the aortic root dimension is less than 5 mm, 
with no evidence of echoes from aortic valve cusps. No. 
single case in our series fulfilled all three of these cri- 
teria. 

Our most sensitive echocardiographic measurement 
was an excursion of 5 mm or less of the mitral valve 
anterior leaflet or inability to detect the mitral valve on 
echocardiography. In five of the seven cases in which the 
left ventricle was recorded in the echocardiogram, the < 
diastolic left ventricular internal dimension measured) __ 
10 to 12 mm, exceeding the proposed limit. None of our 
cases had an echocardiographic aortic root dimension: 
of less than 5 mm. Solinger et al.!* reported that 10 mm 
is the lower limit of normal for an aortic root dimension 
in infants in the body weight range of our patients. Six 
of our cases had an aortic root dimension in the cited. 
normal range, although the pathologic specimen re- 
vealed that the aortic valve was markedly hypoplastic 
in three of the six and atretic in one. If all of these cri- 
teria are met, it is almost certain that hypoplastic left 
heart syndrome is present. However, some patients with 
this syndrome may not meet all of the criteria. Com- 
bining the findings from the echocardiogram with those 
from the clinical examination, electrocardiogram and 
roentgenogram will not always be sufficient to establish 
the diagnosis of hypoplastic left heart syndrome, and 
further invasive studies may be necessary in some pa- 
tients. a 

Two dimensional echocardiography was not available- 
during the period in which this study was performed: | 
Lange et al.!8 have suggested that the lack of spatial | 
orientation in M mode echocardiography causes a less | 
accurate anatomic assessment of infants with hypo- | 
plastic left heart syndrome than is available from: | 
cross-sectional studies. Our initial experience tends to . | 
confirm this view, but the number of patients studied | 
is too small for analysis. | 
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Aortic atresia is a form of hypoplastic left heart syndrome always com o 
plicated by associated severe hypoplasia of the ascending aorta and 
various degrees of mitral valve and left ventricular hypoplasia. At present 
it is a universally fatal lesion in early infancy. This is a report of anew 
palliative procedure for hypoplastic left heart syndrome that has resulted 
in early ongoing survival of two infants with aortic atresia. On the basis 
of experience with a third patient, an operation for future physiologic . 
correction is proposed. _ 


Prolonged survival after either palliative or reparative surgery for hy 
poplastic left heart syndrome has not been reported. The anator 
complexity of this cardiac malformation has been considered prohibitis 
of long survival, with or without surgery, and generally only supportiv 
therapy has been recommended. However, persistent effort to improv 
the long-term outlook of neonates with hypoplastic left heart syndro: 
is to be encouraged for at least three reasons: (1) It is the fourth mi 
common congenital cardiac anomaly entering the New England Region: 
Infant Cardiac Program (after ventricular septal defect, tetralogy 9 
Fallot and transposition of the great arteries) and accounts for nea 
25 percent of cardiac deaths during the 1st week of life and 15 percen 
of cardiac deaths during the 1st month of life.! (2) Unlike many form 
of congenital cardiac disease, the syndrome has a very low incidence rate 
of associated extracardiac anomalies.!2 (3) In principle, hypoplastic lef 
heart syndrome is similar to tricuspid atresia and other forms of uni 
ventricular heart in which the outlook after surgical intervention has 
recently improved dramatically. This report constitutes our experience _ 
with the development of effective palliation for infants with hypoplasti 
left heart syndrome. 


Case Reports 


Case 1: This infant, a.2.9 kg product of a full-term, uncomplicated pregnancy, | 
was noted to have cyanosis, tachypnea; hepatomegaly and cardiac enlargement 
shortly after birth. Cardiac catheterization revealed a hypoplastic left ventriel 
aortic atresia and a large patent ductus arteriosus (Fig. 1). Arterial Pos {parti 
pressure of oxygen) on 100 percent oxygen was 24 to 33 torr with normal parti 
pressure of carbon dioxide (PcOs) and pH. The patient was transferred to 
outside hospital but returned 1 month later. 

Physical examination revealed a cyanotic infant weighing 3.39 kg: The hear 
rate was 152 beats/min and the respiratory rate 58/min. Cardiac examinatiol 
revealed a quiet precordium, single second heart sound and a grade 2/6 systoli 
murmur at the apex. The electrocardiogram showed an axis of +120° and righ 

ventricular hypertrophy with “strain.” 

The following operative procedure was performed: November 8, 1977, whe: 
the infant was 5 weeks old, with use of deep hypothermia and circulatory arresi 
(1) enlargement of the atrial septal defect, (2) a modified Glenn shunt (end t 
side right pulmonary artery to superior vena cava anastomosis), (3) ligation o 
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FIGURE 1. Case 1. Frame from anterior-posterior cineangiogram with 
injection into the main pulmonary artery. Retrograde filling of the di- 
minutive ascending aorta is characteristic of aortic atresia. 


the patent ductus arterious, (4) left pulmonary arterial 
banding, and (5) side to side anastomosis of the aorta and 
main pulmonary artery using the right pulmonary artery to 
extend the angioplasty. During the early postoperative period, 
left atrial and right atrial pressures were 9 to 10 mm Hg and 
arterial pressures were 80 to 90 mm Hg with normal sinus 
rhythm and a heart rate of 130 beats/min. Marked arterial 
desaturation persisted, however, and the patient died with 
progressive acidosis and hyperkalemia 7 hours after opera- 
tion. 


Case 2: This infant, a 2.9 kg product of a full-term uncom- 
plicated pregnancy, was referred on January 19, 1979 at age 
36 hours because of severe cyanosis and acidosis. Physical 
examination revealed a cyanotic infant with a pulse rate of 160 
beats/min, respiratory rate of 80 to 100/min and a systolic 





FIGURE 2. Case 2. Frame from left anterior oblique cineangiogram with 
injection into the left ventricle filling a large infundibuloventricular septal 
defect. 

e 


bleed pressure in all limbs of 50 mm Hg. There were diffuse 
rales bilaterally. The chest roentgenogram showed cardiac 
enlargement with moderate pulmonary vascular congestion. 
The electrocardiogram revealed an axis of +120°, right atrial 
enlargement and right ventricular hypertrophy. 

Cardiac catheterization demonstrated aortic atresia, a large 
patent ductus arteriosus, left superior vena cava to coronary 
sinus, mild hypoplasia of the left ventricle with a large ven- 
trieular septal defect and no significant mitral stenosis or 
regurgitation (Fig. 2). 

Operations: On January 20, at age 3 days, with use of both 
a left thoracotomy and median stenotomy, a 10 mm Dacron® 


‚graft was placed from the proximal main pulmonary artery 


to the descending aorta. The patent ductus arteriosus was 


‘ligated and a band was placed around the main pulmonary 


artery distal to the graft. A second cardiac catheterization on 
January 31, performed because of persistent respiratory in- 
sufficiency, revealed occlusion of the origin of the right pul- 
monary artery by the band (Fig. 3). On February 6, with the 
infant under deep hypothermia and total circulatory arrest, 
a 12 mm valved conduit was placed from the right ventricular 
outflow tract to the descending aorta and the pulmonary ar- 
tery band was moved to the repaired proximal main pulmo- 
nary artery. 

Postoperatively, while hemodynamically stable, she re- 
quired prolonged intermittent ventilator support and had 
nutritional insufficiency with gastrointestinal feeding intol- 
erance. Prolonged intravenous hyperalimentation was re- 
quired, with consequent Staphylococcus epidermidis septi- 
cemia requiring long-term antibiotic therapy. The patient is 
now 5 months old and has a satisfactory hemodynamic, res- 
piratory and nutritional status. 

Case 3: This infant, a 3.7 kg product of a full-term preg- 
nancy by cesarean section, was transferred at age 2 days with 
findings of a heart murmur, cyanosis, decreased peripheral 
pulses and an echocardiographic diagnosis of hypoplastic left 
heart. Physical examination revealed a cyanotic infant with 
a heart rate of 150 beats/min, a respiratory rate of 80/min, 
mean blood pressure of 55 mm Hg in the arms and diminished 
peripheral pulses. There was a single second heart, a ven- 
tricular gallop sound and a grade 3/6 systolic ejection murmur. 
The chest roentgenogram revealed mild cardiac enlargement 
with increased pulmonary blood flow. The electrocardiogram 
disclosed a QRS axis of +50°, right atrial enlargement and 
right ventricular hypertrophy. Cardiac catheterization dem- 
onstrated aortic atresia, mitral atresia, a patent ductus arte- 
riosus and a 20 mm Hg pressure gradient from the right ven- 
tricular sinus to descending aorta. The patient was resuscit- 
ated with a continuous infusion of prostaglandin E; and in- 
termittent doses of sodium bicarbonate. 

On March 3, at age 3 days, a 12 mm valved external condyit 
was anastomosed to the descending aorta through a left tho- 
racotomy. Through a median sternotomy, using deep hypo- 
thermia and circilatory arrest, the proximal end of the conduit 
was anastomosed to the right ventricular outflow tract (Fig. 
4). The ductus arteriosus was ligated and the main pulmonary 
artery banded. Postoperatively the infant received intrave- 
nous infusion of dopamine (5 ug/kg per min) and nitroprusside 
(5 ug/kg per min) for 3 days and was extubated on the 5th 
postoperative day. She was released from the hospital on the * 
24th postoperative day, feeding well, gaining weight and 
clinically well. 


Discussion 


Hypoplastic left heart syndrome: Aortic atresia or 
stenosis, atresia or interruption of the aortic arch, severe 
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stenosis or atresia of mitral valve and a small left ven- 
tricle compose a constellation of defects initially termed 
“hypoplasia of the aortic tract complexes” by Lev° in 
1952 and later called hypoplastic left heart syndrome 
by Noonan and Nadas.! Among these, aortic atresia is 
uniquely complex and although numerous proposals 
have been reported, no effective management protocol 
has been established.®8 The central anatomic feature 
of each of the three patients in this report is aortic 
atresia, which is always complicated by associated se- 
vere hypoplasia of the ascending aorta and various de- 
grees of mitral valve and left ventricular hypoplasia. 
When a large ventricular septal defect is present, as in 
Case 2, mitral valve and left ventricular hypoplasia may 
be mild. In a review of 172 patients with aortic atresia, 
Moodie et al.’ identified 12 patients (7 percent) with an 
associated large ventricular septal defect. However, in 
60 percent of cases the ventricular septum is intact and 
the mitral valve hypoplastic, allowing no egress of blood 
from the left ventricle, which remains diminutive with 
vacuolization of the subendocardial layer and devel- 
opment of large myocardial sinusoids. Aortic atresia and 
mitral atresia with no discernible left ventricle occur in 
combination in about one third of patients. 

Prognosis: Perinatal survival is dependent on 
maintenance of the systemic circulation through a 
patent ductus arteriosus and on adequate pulmonary 
venous return, most commonly through an interatrial 
communication (usually a patent foramen ovale). 
Neonatal death usually results from inadequate coro- 
nary and systemic perfusion secondary to high pulmo- 
nary to systemic flow ratios with severe congestive heart 
failure or closure of the ductus arteriosus, or both. Less 
commonly, death results from hypoxemia and pulmo- 
nary venous congestion secondary to a restrictive in- 
teratrial communication. While a lone child with aortic 
atresia survived to age 3.5 years,’ the reported mean 
survival time ranged from 4 to 23 days.!7 

Because of this high neonatal mortality rate, any 
systematic approach aimed at improving long-term 
survival for neonates with hypoplastic left heart syn- 
drome requires early recognition and definition of 
pertinent anatomic features with cardiac catheteriza- 
tion and echocardiography (including the presence of 
aortic atresia, the presence or absence of a large ven- 
tricular septal defect, the size of the interatrial com- 
muhication, the status of the mitral valve and the 
presence and location of coarctation of the aorta?). This 
should be followed, if necessary, by resuscitation with 
balloon‘ atrial septotomy and prostaglandin E; infusion 
to maintain ductal patency in preparation for early 
surgical intervention. 

Surgical considerations: Except in the presence of 
an associated large ventricular septal defect and two 
well developed ventricles, physiologic correction of 
aortic atresia is possible only by the separation of the 
pulmonary and systemic circulations using the right 
ventricle as the systemic pumping chamber. The fea- 
sibility of utilizing the right atrium as the pulmonary 
pumping chamber has been established both experi- 
mentally and clinically,!°!1 but requires near normal 
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FIGURE 3. Case 2. Frame from anterior-posterior postoperative cin- 
eangiogram with injection into the main pulmonary artery filling the 
conduit and the left pulmonary artery. The right pulmonary artery is 
occluded by the pulmonary arterial band. 


adult pulmonary vascular resistance with a mean pul- 
monary arterial pressure of less than 20 mm Hg and 
normal ventricular end-diastolic pressure. In the new- 
born period, however, pulmonary vascular resistance 
is elevated and may not decrease to adult levels until the 
infant is 6 to 8 weeks of age.” Furthermore, a postmor- 
tem quantitative pulmonary morphometric analysis by 
Heidelberger et al.!2 of neonates with the hypoplastic 
left heart syndrome demonstrated pulmonary vascular 





FIGURE 4. Case 3. Artist's conception of aortic atresia (top) and pal- 
liative procedure (bottom). Lower rendition illustrates ligation of patent 
ductus arteriosus, band on the main pulmonary artery (PA) and valved 
conduit between the right ventricular (RV) outflow tract and the de- 
scending aorta. Ao = aorta; ASD = atrial septal defect. 

e 
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changes (including extension of smooth muscle into 


distal pulmonary arteries, increased wall thickness of 
distal arteries and slightly decreased arteriolar to al- 


_ veolar ratio) that are likely to result in elevated pul- 


monary vascular resistance. Because pulmonary vas- 
cular resistance is expected to be high in the neonate 
with hypoplastic left heart syndrome, we now consider 
a multistage approach most likely to produce long-term 
survival. 

Multistage surgical approach: The principles of 
the first stage include (1) establishment of a permanent 
communication between the right ventricle and aorta, 
(2) limitation of pulmonary blood flow to attenuate the 
pulmonary vascular changes secondary to elevated 
pulmonary blood flow and pressure, and (3) insurance 
of a satisfactory interatrial communication in the 
presence of mitral valve hypoplasia or atresia. Two at- 
tempts, by Cayler et al.!° and Freedom et al.,}° at sur- 


gical palliation incorporated these principles using a 


-Waterston shunt in a neonate with critical aortic ste- 
“nosis! and a Potts shunt in a child with aortic atresia 


and ventricular septal defect. Both procedures were 


followed by right and left branch pulmonary arterial 


_banding. The palliative effects lasted 7 and 16 months, 
_respectively. However, the difficulty in achieving lim- 





FIGURE 5. Artist's conception of proposed physiologic repair of aortic 
atresia (stage 2} The main pulmonary artery (PA) and the aorta (Ao) are 


-anastomosed using the proximal stump of the right pulmonary artery 


(RPA) (upper panel). The right pulmonary artery is anastomosed end 
to side with the superior vena cava anda valved conduit placed between 


‘the right atrium (RA) and left pulmonary artery (LPA). An interatrial baffle 


ensures filling of the right ventricle (Vent.) with pulmonary venous blood 
from the left atrium (LA). A schematic drawing of the baffle and conduit 


“is shown in the lower panel. 


e 


ited and bilaterally balanced pulmonary blood flow and « 


the risk of anatomic distortion of the distal pulmonary 
arteries make branch pulmonary artery banding un. 
desirable, 

Litwin et al.!4 avoided branch pulmonary arterial 
banding by placement of a nonvalved conduit from the 
main pulmonary artery to the descending aorta and 
placing a band on the main pulmonary artery distal to 
the conduit in four infants with an interrupted aortic 
arch. The one survivor manifested not only severe dis- 
tertion of the pulmonary architecture by the distal 
pulmonary arterial band but also pulmonary vascular 
obstructive disease. 

On the basis of the experience reported here, we 
propose that a more satisfactory means of accom- 
phishing the palliative goals outlined is placement of a 
valved conduit from the right ventricular free wall to the 
descending aorta allowing ample room for the standard 
placement of a pulmonary arterial band on the main 
pulmonary artery (Fig. 4). This can be accomplished by 
end to side anastomosis between the valved conduit and 
descending aorta through a left thoracotomy incision 
using a partially occluding clamp. After placing the 
conduit entirely within the left chest, the thoracotomy 
incision is closed and the patient repositioned for a 
median sternotomy. Cardiopulmonary bypass is es- 
tablished by cannulation of the main pulmonary artery 
for arterial inflow through the ductus arteriosus and 
cannulation of the right atrial appendage for venous 
return. The branch pulmonary arteries are occluded 
during the cooling phase and, with use of deep hypo- 
thermic circulatory arrest the proximal end of the 
conduit is anastomosed to the right ventricular outflow 
tract. The atrial septal defect may be enlarged if nec- 
essary. The ductus arteriosus is ligated and the main 
pulmonary artery is banded after discontinuation of 
cardiopulmonary bypass. This approach was used on 
a 2? day old boy (Case 3) with aortic and mitral atresia 
who was released from the hospital on the 24th post- 
operative day and is now clinically well at age 3 
months. 

The second stage of the surgical approach, subse- 
quent physiologic correction of this lesion, is dependent 
on separation of the systemic and pulmonary circula- 
tions. Although many procedures have been pro- 
posed,® 8:15.16 we believe that utilization of autologous 
valve and vascular tissue in the systemic circulation and 
a valved external conduit for the pulmonary circuit 
maximize both simplicity of technique-and potential for 
growth (Fig. 5). As demonstrated in Case 1, anterograde 
flow through the ascending aorta can be established by 
side to side anastomosis of the pulmonary artery and 
diminutive ascending aorta using a portion of the right 
branch pulmonary artery (upper panel, Fig. 5). An in- 
teratrial baffle is constructed to provide continuity 
between the left atrium and tricuspid valve through an 
atrial septal defect. The pulmonary arterial circulation 
can be completed by anastomosis of the distal right 
pulmonary artery to the superior vena cava and place- 
ment of a conduit from the right atrium to the left pul- 
monary artery (Fontan procedure). When a large ven- 
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» tricular septal defect and left ventricle coexist, the left 


ventricle can be used for the systemic circulation by 

-connecting the ventricular septal defect and pulmonary 

artery with an interventricular baffle while the palliative 
valved conduit on the right ventricular outflow tract is 

-transferred from the descending aorta to the distal 
pulmonary artery. In these cases the atrial septal defect 
ig merely closed. 

Particularly in patients with aortic atresia and intact 
ventricular septum, this physiologic repair requires both 
low pulmonary vascular resistance and minimal sec- 
ondary changes of the pulmonary architecture from 
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palliative surgery. Available experimental and clinical 
evidence suggests that early smooth muscle alterations 
in pulmonary arterioles, secondary to a large left toright. _ 
shunt, are reversible after adequate pulmonary arterial __ 
banding.!? Because normal pulmonary vascular resis- 
tance is expected after several months and because 
secondary changes from the pulmonary band may occur. 
after 1 year, the current plan is to perform repair in = 
these two children before they are 1 year of age. The. | 
ultimate efficacy of these procedures remains to be 7 
demonstrated, but early results of stage I palliationin 
our two patients are encouraging. 
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The factor of age has been proposed as the major determinant of survival 
after correction of total anomalous pulmonary venous connection; con- 
sequently, operation may be postponed and the infant’s clinical condition 
deteriorate. This study describes 22 infants who underwent surgical 
correction of this disorder in the 1st year of life between 1975 and 1978. 
Twelve were in the 1st month and six in the first 4 days of life. Nine had 
a type I, six a type Il, six a type Ill and one a type IV lesion. The infants’ 
weights ranged from 2.6 to 6.9 kg (mean.4.0) at the time of operation; this 
fact emphasizes the retarded growth of these infants. 

Nineteen of 22 infants (including all 6 infants operated on during the 
first 4 days of life) survived operation, yielding an 87 percent hospital 
survival rate. Two late deaths occurred secondary to intimal fibroplasia 
of the pulmonary veins proximal to the site of atrial anastomosis; this 
represents a potential problem especially in infants with type Ill lesions. 
The strongest determinants of survival were type of lesion, pulmonary 
venous obstruction and depressed lefi ventricular function. Age in itself 
is not a determinant of survival after correction of total anomalous pul- 
monary venous connection. The timing of corrective surgery should be 
influenced by the clinical condition of the infant. 


Total anomalous pulmonary venous connection represents one of the 
few forms of congenital heart disease in which the valves and ventricles 
are usually normal and thus its correction should offer excellent long- 
term results. Although this disorder represents only 1 or 2 percent of 
congenital cardiac lesions. if untreated, the resultant mortality in the 
ist year of life is greater than 80 percent, with only 5 percent of patients 
asymptomatic at that time.!-? The majority of these patients present 
at the point of death in the early weeks of life. 

Anomalous pulmonary venous return has been classified according 
to site of the anomalous connections: type I, supracardiac; type I, car- 
diac; type III, subdiaphragmatic; and type IV, mixed lesions.! Varicus 
determinants of survival for both medically and surgically treated pa- 
tients have been proposed in the past. These include the type of lesion, 
presence of pulmonary venous obstruction, left atrial and left ventricular 
size and left atrial and left ventricular volume and function. However, 
age at the time of operative therapy has been the most consistently cited 
determinant of survival. As a result, postponement of attempts at sur- 
gical correction, risking the subsequent deterioration of the infant’s 
condition, has been considered justified.47 


Methods 


Patients: From January 1975 through January 1979, a total of 22 patients with 
total anomalous pulmonary venous connection aged 1 day through 11 months 
underwent corrective surgery at the University of California, San Franciseo. 
Twelve of these infants were in the Ist month of life and six were less than 4 days 
of age (Fig. 1). There were 15 male and 7 female infants; they ranged in weight 
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: FIGURE 4. Age at surgical correction of 22 infants. PTS. = 


No. PTS. 
Lf) 


mR 


7 14 21 30/60 90 180 220 360 
AGE IN DAYS 


= patients. 


l irom 2.6 10.6.9 kg (mean 4.0), in height from 37 to 68 cm (mean 


“* 


53.5) in and body surface area from 0.15 to 0.35 cm? (mean 0.22 


- em?) Nine of the 10 patients older than 1 month of age were 


in the lowest I percentile or less for growth (standard deviation 


2.5): The remaining infant was in the lowest 5th percentile 


= (Bt ndard deviation 1) (Fig. 2). 


Type of lesion: Nine patients had a type Tlesion, with re- 











: turn tothe azygos vein in one (Case 8) and to the right superior 


_ vena cava in one (Case 9); six patients had a type I lesion, with 
return directly to the right atrium in one (Case 15); six patients 


had a type III lesion and one a mixed lesion (type IV) with the 


Le Jeft pulmonary veins entering aleft anterior cardinal vein and 
the right pulmonary veins the coronary sinus (Table I). More 
than half of the patients presented with evidence of pulmo- 
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height (em); LA = 


hary venous obstruction, including all six of those with a type 
Ill lesion. The criteria for obstruction were a pulmonary 


-capillary wedge pressure greater than 12 mm Hg and a gra- 
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FIGURE 2. Weight of infants in our series compared with that of normal : 
infants. The heavy line demonstrates failure to thrive with time of this z 
population compared with normal infants (upper fines). f 


dient at the pulmonary to systemie connection or angiographic 
demonstration of obstruction (Table T). 

Among patients with a type I lesion, a gradient at the left 
superior vena caval junction of 12, 10.and 6 mm Hg was noted 
in Patients 2, 3 and 7, respectively. In Patient 8 a gradient of 
36 mm. Hg was present at the azygos connection. In each, 
persistence of contrast medium during the levophase of the 
angiogram was also noted. ; 

Among patients with a type H lesion, Patients 12 and 14 
demonstrated a gradient of 12 and 6 mm Hg, respectively, 
although no angiographic confirmation of obstruction was 
obtained. In these cases the gradient may have represented 




















-Cardiac Catheterization and  Cinéaneioginphic Data 
Case ‘Typeef Age: Ze LV Associated: 
“mov -Lesion (days) Sex Ht Wt BSA Obst PA PA/SA PR Qp:Qs -LA LV Function CPB Lesion oe 
at l 330: M 68 6.9 0.35 ~ 28 0.58 0.9 3:1 S S N CPB a 
2 i 4 F = 50 2.9 0.22 + 30 0.84 2.9 2:1 N N N DH 
3 l 335 M. 62 5.0 0.29 + 22 0.40 4.5 2.4:1 S N N CPB 
4 H 30 M 52 3.3 0.21 — 70 4.14 — 1.7:1 N N N CPB 
ES l 120 F 57 3.4 0.24 — 35 0.67 2.7 4:1 N N N CPB 
& I 62 -M 57. 46 0.26 — 40 0.76 7.8 — S S N DH 
7 d 84 M 60 5.5 0.29 +/— 45 0.67 7.0 — S $ N CPB 
8 l a Mo 4&4 30 0.19 + 40 1.48 = — S N N DH 
9 | 140 M 56 44 0.24 — 23 0.34 1.6 3.3:1 S $ N CPB 
10 fl 1 M 49 43 22 +/- 20 0.53 —_— — S N N DH 
11 il 180 F 64 5.8 3.1 = 45 0.67 — — S N N CPB 
12 lt 2 F 52 3.3 0.21 +/- 23 0.58 12.9 41:1 S N N CPB miee 
13 i 180 F 60 4.2 0.27 — 20 0.50 1.5 71 N N N CPB or 
14 H 17 Mo 48 2.8 0.18 +/-— 24 0.59 3.3 3.9:1 S N D DH mmes 
15 H -90 M 47 3.0 0.19 — 3 0.52 3.1 3:1 S sS N CPB (VSD) 
16 il 30 M 58 4.0 0.23 + 65 1.33 7.6 2.271 S N N DH aee 
17 iH 2 M 48 -35 0.20 + 55 1.33 12 1.3:1 S N N DH PDA 
18 it 12 F 50 3.2 0.20 + 55 1.18 31.4 1.3:4 s N D CPB PDA 
19 H 1 Fo 46 2.3 0.14 + 60 1.27 1.3 — S N N CPB PDA 
20 ill 3 M 47 3.1 0.19 + 50 1.23 — — S N N DH PDA 
21 H 87 M 56 4:3 0.26 + 56 1.00 4.5 2.4:1 S N N CPB PDA: 
x 22 iV 26 M 50 3.4 0.21 +/- 40 4.63 7.4 1.6:1 N N N CPB PDA 
: $ Median 30 53.9 386 0.23 40.5 0.87 6.72 251 





left atrial size; LV = 


es 





‘pulmonary stenosis; Qp/Qs = pulmonary to systemic flow ratio; S = 
weight (kg); + = confirmed; +/~ = suggested. 
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BSA = body surface area {om?); CPB = cardiopulmonary bypass; D = depressed; DH = deep hypothermia and total circulatory ar atrast: H= 
left ventricular size; LV Function = 
pulmonary artery pressure (mm Hg); PA/SA = pulmonary to systemic pressure ratio; F 






left ventricular function; N = normal; Obst = obstruction, PA = mean - 
PDA = patent ductus arteriosus; PR = pulmonary resistance; | 
small; (VSD) = hemodynamically insignificant ventricular septal defect; | 
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Supracardiac Pulmonary 


Venous Connection ligated Supracardiac 


Connection 


Left Atrial - Venous 
Confluence 
Anastomosis 


FIGURE 3. Type | total anomalous 
pulmonary venous connection. A, su- 
pracardiac connection to the left car- 
dinal vein. B, method of repair. 


Raed ANGI ond FIGURE 4. Type Il total anomalous pul- 
Coronary Sinus Tissue monary venous connection. A, cardiac 
type: connection to coronary sinus. B, 
method of repair. Note resection of coro- 
nary sinus tissue. ASD = atrial septal de- 
fect. 


Coronary Sinus 











Left Atrial - Venous 
Confluence 
Anastomosis 


Subdiaphragmatic Pulmonary 
Venous Connection 


FIGURE 5. Type Ill total anomalous 
pulmonary venous connection. A, 
subdiaphragmatic connection to inferior 
vena Cava. B, method of repair. 


Ligated Subdiaphragmatic 
Connection 
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a flow phenomenon. Iu Case 10 the pulmonary venous pres- 
sure was 9 mm Hg at cardiac catheterization at age 2 days; 
however, a markedly narrowed orifice was observed at oper- 
ation at age 11 days. 

Among patients with a type IHI lesion, a pulmonary cap- 
illary wedge pressure of 24, 20, 20 and 24 mm Hg was observed 
in patients 16, 19, 20 and 22, respectively, as well as angio- 
graphic demonstration of obstruction (Table I). In Patients 

7 and 18 no wedge recordings could be obtained; however, 
clear angiographic evidence of obstruction was present. Fi- 
nally, in the single infant with a mixed lesion, contrast medium 
persisted in the long tortuous left superior vena caval con- 
nection, suggesting unilateral obstruction. The remaining 
infants presented with severe congestive heart failure. 

Cardiac catheterization data: Pulmonary arterial pres- 
sure was elevated in 16 patients (mean 40.5 mm Hg). The 


- pulmonary arterial to systemic arterial mean ratio was 0.87, 


mean pulmonary resistance was 6.72 units and the pulmonary 
to systemic flow ratio was 1.5:1. Angiographic assessment 
revealed decreased left atrial volume in all but five infants and 
decreased left ventricular volume in five. Decreased left 
ventricular function was noted in only two infants, as assessed 
by angiographic evaluation of ejection fraction from the right 


: <anterior oblique projection of each biplane cineangiogram. 


This method avoids inclusion of the effect of paradoxic septal 


-motion produced by right ventricular overload in this condi- 


tion. In addition, echocardiographic evaluation of ejection 
fraction was recorded in the last 15 infants treated. By means 
of these techniques normal to hyperdynamic function (ejec- 


tion fraction greater than 0.50) was noted in all infants except 
- “in Case 14 (ejection fraction 0.24) and Case 18 (ejection frac- 


tion 0.35). 

Surgical techniques: Cardiopulmonary support during 
the operative procedure included the technique of surface- 
induced deep hypothermia and total circulatory arrest in 7 
patients and cardiopulmonary bypass hypothermia and re- 
duced flow in 15. In small infants both techniques were fa- 
cilitated with the use of single atrial cannulation for venous 
return. 

Surgical correction was accomplished utilizing venous li- 
gation, mobilization of the venous confluence and left atrial 
to pulmonary confluence anastomosis in infants with a type 
I or type III lesion. Care was taken to produce maximal 
érogs-sectional area in the anastomosis by extending the 
incision in the posterior left atrial wall from the atrial septum 


to the tip of the left atrial appendage. An interrupted con- 


tinuous anastomosis with 6-0 monofilament was used in each 


“gase, with care taken to avoid any purse-string effect. A peri- 


cardial baffle was used in infants with a type H lesion as well 
as in the one infant with a mixed lesion. Care was taken in 


“these cases to use delicate superficial suture technique and 


a loose billowing pericardial baffle. A segment of tissue be- 
tween the central septal defect and the orifice of the coronary 
sinus was excised to further augment the communication. In 
one case a piece of pericardium was returned to the posterior 
left atrial wall to enlarge the chamber and facilitate the 
anastomosis. Figures 3, 4 and 5-illustrate in detail the types 
of lesions and the operative corrections used. 

Postoperative care involved close observation of the 
physical findings in these patients as well as correction, as 
indicated, of decreased oxygenation, perfusion or volume 


“status. 


Results 


‘Twenty-two patients aged 1 day to 11 months were 


-operated on, with 19 hospital survivors (Table II). The 
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TABLE li 
Postoperative Survival by Anatomic Type of Lesion 
Number Hospital 
Type of of Mortalit Survival 
Lesion Patients Early Late (%) 
i 9 0 0 
ii 6 1 0 94 
iv 1 0 0 
iH 6 2 2* 67 





* Late obstruction of the pulmonary veins proximal to the anasto- 
mosis. : 


hospital survival rate for the total group was 87 percent, 
and 84 percent in infants less than 1 month of age. All 
six infants in the first 4 days of life were among the 
survivors. The three hospital deaths occurred ina 12 day 
old infant (Case 18) with a type III lesion who presented 
with severe pulmonary venous obstruction and respi- 
ratory distress; a 3 month old infant at the point of | 
` death (Case 21) with a type III lesion and severe ob- 
struction (as evidenced by a pulmonary wedge pressure _ 
of 24 mm Hg with a right atrial pressure of 4 mm Hg); _ 
and a 17 day old infant (Case 14) with a type TI lesion - 
who had depressed left ventricular function both pre 
operatively and after repair. aS 
In two patients with a type III lesion (Cases 17 and _ 
19) pulmonary venous obstruction developed proximal 
to the atrial anastomosis 3 months postoperatively. _ 
These patients underwent patch angioplasty to the 
distal pulmonary veins and, although this was initially _ 
successful, stenosis subsequently recurred (Fig. 6}. ~ 

















Discussion 


Role of age as a determinant of operative sur- 
vival: Wukasch et al. proposed age as a major deter- 
minant of survival in surgical correction of total- 
anomalous pulmonary venous connection. They found 
that correction in patients older than 1 year carried a_ 
hospital mortality rate of approximately 30 percent, 
whereas the rate was greater than 50 percent in younger - 
patients.6 Thus, because older children appeared to 
have a lower operative risk, operative intervention was - 
often postponed in the hope of improving result. Un- 
fortunately, this policy fails to take into account not 
only the unstable condition in early life of untreated 
patients, but also the mortality of the infants not op- 
erated on. If operation is postponed and the patient 
becomes symptomatic, the mortality rate without op- 
eration approaches 90 percent in the 1st year of life. 
This high rate results from a high incidence in the infant. 
group of pulmonary venous obstruction, which is often 
associated with an inadequate atrial septal defect. 
Progressive cyanosis, acidosis and congestive heart 
failure are usually not reversible without surgical in- 
tervention. These symptoms occur because of decreased 
left ventricular filling, reduced systemic output, right 
heart failure and congestion of the lungs. In those pa- 
tients without pulmonary venous obstruction or pul- 
monary vascular disease during infancy, correction can 
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be accomplished on an elective basis. However, the 
‘majority of patients do not experience this favorable 
course. 

_ Role of pulmonary venous obstruction and bal- 
loon septostomy: Symptoms of pulmonary venous 


obstruction can result from obstruction at either the . 


-venous level or the atrial septal level due to closure of 
the atrial septal defect. Balloon atrial septostomy at 
cardiac catheterization can often result in improvement 
in patients with type I or type H lesions. In these pa- 
tients, left ventricular filling is restricted by a decrease 
in interatrial communication. In patients with type III 
lesions, although a septostomy should be attempted, a 
successful result is less common because obstruction 
often occurs at the infradiaphragmatic venous level. 

- Operative mortality for early surgical correc- 
tion: An early appreciation of the severity of the ob- 
struction and lack of improvement with balloon atrial 
septostomy should result in earlier intervention and 
correction for survival. Early operative correction once 
symptoms develop has been shown to improve survival.8 
Our series demonstrates that a low mortality can be 
achieved with operative correction of total anomalous 
pulmonary venous connection, even when infants are 
at the point of death. This correction should be initiated 
at the earliest presentation of symptoms. Only 1 of the 
16 infants with a type I, type I] or mixed lesion died (6 
percent mortality rate, Table II). The one infant with 
a type II lesion demonstrated depressed preoperative 
left ventricular function, although atrial and left ven- 
tricular size appeared adequate. Although the patient 
could be. weaned from cardiopulmonary support, pro- 
gressive left ventricular failure occurred. It appeared 
that poor preoperative left ventricular contractility of 
unknown cause existed and that improved oxygenation 
and increased left-sided filling pressure did not improve 
left ventricular performance. Type HJ lesions presented 


. 
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Ligated Subdiaphragmatic Connection 


Pulmonary Angioplesty 







Left Atrial - Venous 
Confluence Anastomosis 


FIGURE 6. A, type Ill total anomalous 
pulmonary venous connection with 
primary pulmonary venous stenasis. B, 
patch angicplasty of pulmonary 
veins. 


a difficult problem. The two remaining operative deaths 
occurred in infants with this lesion. Further, all s:x in- 
fants with a type II lesion had preoperative pulmonary 
venous obstruction. In the two fatal cases, one infant 
was at the point of death at the time of operation and 
could not be weaned from cardiopulmonary support. 
The other had experienced multiple episodes of 
bradycardia before repair; after repair and successful 
weaning from cardiopulmonary bypass this infart ex- 
perienced an additional episode of sinus bradycardia 
with cardiac arrest. Postmortem studies demonstrated 
subarachnoid hemorrhages, which. may have been re- 
sponsible for this patient’s bradyarrhythmia. 

Late postoperative results: In two infants with a 
type HI lesion obstruction in the pulmonary veins 
subsequently developed that was not related to the 
suture lines. Such a process has been noted in previous 
series.*-!0 The usually thicker common. channe? wall 
found in the area of confluence of the pulmonary veins 
may have contractile tissue similar to that of the ductus 
arteriosus, causing progressive narrowing and possible 
obliteration with arterial fibroplasia of the pulmenary 
veins. Because of the previous higher mortality in jn- 
fants with a type II lesion few patients are available for 
long-term follow-up study and few long-term postrepair 
angiograms are available for comparison. However, a 
progressive narrowing of the subdiaphragmatic channel 
has been thought to be responsible for the fulminant, 
progressive pulmonary venous obstruction seen in this 
group; an extension of this process into the pulmenary 
veins could have been responsible for the late pulmo- 
nary venous obstruction in our two older infants because 
the opening into the left atrium was large in both pa- 
tients, with the obstruction existing in the pulmenary 
veins themselves. This process may not be unique to 
infants with a type HI lesion; Wright et al.4 described 
such late proliferative obstruction in two patients with 


* a type II lesion in their series. However, such lesions 


have rarely been noted. Thus, this represents a com- 
plication possible in all types of total anomalous pul- 
monary venous connection but more commonly en- 
countered in type III lesions.48-11 

Determinants of postoperative survival: A review 
of the specific determinants of survival in our infant 
group reveals that the type of lesion correlates highly 
with risk; two of three early deaths and both late cardiac 
deaths occurred in patients with a type III lesion. 
Likewise, the presence of obstruction, observed in all 
six patients with a type III lesion, was noted in all five 
infants who died postoperatively. Further, although 
pulmonary hypertension was seen in all groups (mean 
40.5 mm Hg) the mean pressure was consistently greater 
than 50 mm Hg in all patients with a type III lesion. 
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Pulmonary. to systemic flow ratio, although 1.00 or 
greater in all six patients with a type III lesion, did not 
correlate well with increased pulmonary vascular re- 
sistance. Left ventricular function was normal by an- 
giographic and echocardiographic criteria in all but two 
patients. Both had low cardiac output postoperatively 
and are among the three who died after operation.!* 
Finally, pulmonary to systemic flow ratio and left atrial 
and left ventricular size at catheterization were poor 
predictors of survival in this group.*:!2-4 

The results of this series demonstrate that total 
anomalous pulmonary venous connection can be cor- 
rected in early infancy.4,3-9:15 The major determinants 
of survival in young infants are the type of lesion, the 
presence of preoperative pulmonary venous obstruction 
and deterioration of left ventricular performance. 
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Eight cases of mucocutaneous lymph node syndrome with cardiovascular 
complications are described. The clinical presentation in all but one patient 
conformed to the previously described features of this syndrome: Five 
patients had cardiac enlargement, six had electrocardiographic abnor- 
malities and three had a murmur of mitral insufficiency. Each of the four 


patients who died had aneurysms of the coronary arteries, usually asso- «^ 


ciated with organizing thrombi. In addition to involvement of the coronary 
arteries, the renal, mesenteric, vertebral, splenic, hepatic and iliac arteries 
were affected in individual cases. One patient required triple aortecoronary 
bypass surgery and one patient underwent excision of a brachial arterial 
aneurysm. Further long-term follow-up studies of the patients who have 
survived the acute stage of the syndrome are indicated to establish the 
spectrum of late complications and sequetae. 


Mucocutaneous lymph node syndrome is now a well established clinical 
entity affecting mainly infants and young children.! The clinica! features 
include a prolonged or intermittent fever, sterile conjunctivitis and 
diffuse reddening of the oral and pharyngeal mucosa with redness and 
fissuring of the lips. Later in the course of the fever there is redness and 
induration of the palms, soles, fingers and toes, followed by desquama- 
tion. There is alsco a polymorphous exanthema of the trunk and Embs 
with a nonpurulent cervical lymphadenopathy. 

As originally described by Kawasaki? in 1967, the syndrome was 
thought to be a benign, transient febrile illness of children, limited 
geographically to Japan; a recent review” by the committee on mueocu- 
taneous lymph node syndrome in Tokyo has collected more than 15,000 
cases in Japan alone. However, reports from the American continent? 
Europe,®!3 Australia! and other parts of Asia!®-!6 and the Pacific!” have 
emphasized the ubiquity of this disease. Previously reported cases of 
infantile periarteritis nodosa bear a striking similarity to mucocutaneous 
lymph node syndrome in both clinical and pathologic features.4:15.19 

The pathologic basis of this disease is a nonspecific vasculitis initially 
involving the microvasculature of all parts of the body; after 10 days or 
so, manifestations of an endarteritis of the vasa vasorum of the major 
arterial branches of the aorta start to appear, particularly in the coronary 
arteries, brachiocephalic vessels, celiac axis and renal and iliofemoral 
vessels. The arteritis involves the intima and adventitia of these vessels 
and results in aneurysm formation, local obstruction and distal platelet. 
embolization with distal ischemia or gangrene, rupture of the aneurysm 
or asymptomatic healing. 

The increased clinical awareness of this syndrome in its acute phase 
and more frequent reports of coronary arterial aneurysms or myocardial 
infarction in young children have made a cardiologic evaluation part of 
the investigation of infants and children with prolonged, obscure febrile 
illnesses.?0?! Recent reports of this syndrome2? have emphasized in- 


FIGURE 1. Case 8. Anteroposterior 
(left) and lateral (right) views of left 
ventricular angiogram showing an 
aneurysm of the left coronary artery 
(LCA, arrow) and of the left renal 
artery (LR, arrow). There is a filling 
defect of the right renal artery. 


volvement of the coronary arteries, with few references 
to the sequelae of the panvasculitis in other parts of the 
body. 

We present our experience with eight patients with 
mucocutaneous lymph node syndrome seen at Texas 
Children’s Hospital between 1959 and 1978 to highlight 
the varied and diffuse nature of the cardiovascular le- 
sions in this syndrome. 


FIGURE 2. Case 8. Postmortem close-up view of the aorta and renal 
arteries showing an aneurysm measuring 0.7 cm in diameter at the 
origin of the left renal artery (LR, arrow). The right renal artery is not 
patent to probing, although no gross abnormality is seen externally. 
There is an aneurysm of the aorta measuring 0.4 cm in diameter (A, 
arrow) 1 cm distal to the origin of the renal arteries. 
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Clinical Material 


From 1959 to 1978 at Texas Children’s Hospital we have 
seen eight cases of mucocutaneous lymph node syndrome with 
cardiovascular complications. Five of these were diagnosed 
clinically and three were collected from the autopsy files. The 
clinical data, laboratory and pathologic findings of these eight 
cases are summarized in Tables I and II. 
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Clinical and Laboratory Features of Eight Patients With Mucocutaneous Lymph Node Syndrome 
Fever 
Sterile induration Desquamation 
Case State. or Age at Conjunc- Reddening of the From 
no. Sex Country Race Onset Duration tivitis Stomatitis of Limbs Limbs Fingertips 

eal M TX of 4mo 4 wk + + + + = 
2 F TX Ww 2 mo 4 wk + + + + = 
3 M TX wW 8 mo 6 wk 0 0 0 0 8 
o4 F TX wW 6 mo 4 wk 9 0 0 0 o 
> § M TX wW 10 mo 3 wk + + o 0 + 
6 F it Ww 5 yr 10 days + + + + + 
7 M sD w 5yr 13days + 0 + + o 
-8 F TX Ww = = = ~- SE E = 





* An American-born Pakistani infant. 


Clinical features: The eight patients include seven white 
children and one American-born Pakistani infant; four were 
male and four female. The dinical presentation in all but one 
patient (Case 8) conformed to the previously described fea- 
tures of this syndrome.!? Five patients had cardiac enlarge- 
ment, six had electrocardiographic abnormalities and three 

had the murmur of mitral insufficiency. Clinical laboratory 


TABLE It 





data were not specifically diagnostic. Of five patients with data 
available, all had-pelymorphonuclear cell leukocytosis and 
anemia. Cerebrospinal fluid abnormalities were found in three 
of four patients studied and the erythrocyte sedimentation 
rate was elevated in the four patients in whom this test. was 
performed. Of four patients studied, all had a diminished 
serum albumin and elevated alpha-2 globulin levels. IgE 














Cardiovascular Findings in Eight Patients 
Time Signs of 
After Coro- Myo- Conges- Other Distal 

S Feverto initial nary Mitral cardial tive Lesions Ischemia 

Case Onset of CV Aneu- Regurgi- ECG Cardio- Chest infarc- Heart of &Throm- Angiog- 

“no. CV Signs Signs rysm tation Changes megaly Pain tion Failure. Arteritis bosis raphy Outcome 

oA 4wk Peripheral +? + + = = + + Axillary,” = —  improvad 

aneurysm femorai* 

ER 4wk Axillary + = 0 + a + +  Subclav- Gangrene + Sudder 

E aneurysm ian, * {rt arm death 

with ob- iliac,” & leg), (hemeper- 
struction renai,* hyperten- icardium) 
mesen- sion 
teric 
3. B5wk Pericardial + + + + ~ + + Renal, = — Sudder 
friction mesen- death 
rub teric (myocardi- 
al 
infarction) 
4 8mo Heart + + + + ra + = = ~ — Sudden 
murmur death 
(myocardi- 
al 

ae infarciidh) 

8. 6mo Brachial - - - ~ — — —  Brachial,* -— +  Surgica! 

a aneurysm iliac* excision 
of brachial 
aneurysm; 
doing well 

“6.0. 2yr Chest pain + s + = + + ~ oad = +  Aortocor- 

aoe onary 
bypass; 

: deing well 

OTOS Bye Chest pain + - + + + + - =- = + Doing wail 

< 3days Systemic + _ 0 + ~ = — Renal,* Systemic + Sudden 
hyperten- mesen- hyperten- death 
sion teric, sion 
menin- 
oe geal 
* Aneurysm. 


GV = cardiovascular; ECG,= electrocardiogram; + = present; — = absent; 0 = not known, 
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+ TABLE 1 
(continued) 
Proteinuria 
Polymor- Cervical cvs With Increased 
Case phous Lymphad- = Abnor- Leuko- Elevated Negative WBC in Platelet Aseptic Elevated 
no. Exanthema  enopathy malities cytosis Anemia ESR ASO Urine Count Meningitis SGOT 
1 + + + + + + 0 — + + + 
2 + + + + + 0 0 Bd + + = 
3 + 0 + + + + + + 0 ia + 
4 + 0 + 0 0 0 0 0 0 0 0 
5 + + + + + + 0 EE + + + 
6 + + + 0 9 0 0 0 0 0 0 
à + + t + + + — + 0 = = 





ASO: = antistreptobysin-O titer; CVS = cardiovascular system; ESR = 





ocyte sedimentation rate; It = Italy; SD = South Dakota; SGOT = = ; 


serum glutamic oxaloacetic transaminase; TX = Texas; W = white; WBC = white blood cells; + = present; — = absent, 0 = not known. 


values were not determined during the acute phase in any 

; patient. 
‘All eight patients had some overt cardiovascular abnor- 
_mality. These abnormalities were confirmed at postmortem 


o examination in four patients and by surgery in two (Cases 5 





and 6). Five of eight patients (Cases 2 and 5 tp 8) underwent 


ce angiographic examination. Each of the four patients who died 


. (Cases 2, 3, 4-and’8) had aneurysms of the coronary arteries 
_ usually associated with organizing thrombi and one had a 
_ ruptured aneurysm. In addition to the coronary arteries, the 
“penal, mesenteric, vertebral, splenic, hepatic, iliac and femoral 
arteries were affected in individual patients (Table I and Figs. 
ito 9). 

Case 8: This case was unique because of complete absence 
of the usual clinical findings of a previous febrile illness, but 
the pathologic findings were consistent with the mucocuta- 
neous lymph node syndrome. The patient, one of twins, was 
a 4 month old white female infant, born to a 26 year old white 
woman (gravida I, para I, abortion 0) by elective cesarean 
‘section for vaginal bleeding at 36 weeks’ gestation. The 
“mother’s pregnancy, labor and delivery were uncomplicated 
and the patient’s Apgar scores were 9 and 9 at 1 and 10 min- 
utes, respectively. The infant’s postnatal course was uncom- 

~ plicated until she was 3 days of age when hypertension was 


_ noted with a systolic blood pressure consistently greater than 


110 mm Hg and ranging as high as 240 mm Hg. Renal arterial 


angiography when the infant was 3 months old showed an 


aneurysm of the left-renal artery and a filling defect of the 
right renal artery (Fig. 1). Renjn levels were elevated in both 
-renal veins. Coronary angiography showed an aneurysm of the 


5 left coronary artery. Variable control of the hypertension was 


obtained with hydralazine alone or with chlorothiazide, and 
alpha methyldopa and chlorothiazide. At age 4 months, the 
infant died suddenly at home after her mother had failed for 
3 days to administer all medications fer hypertension. 

Postmortem examinatjon confirmed the left renal arterial 
aneurysm with thrombosis (Fig. 2) and showed a patent 
smaller adjacent channe] with late stage arteritis changes 
compatible with mucocutaneous’ lymph node syndrome. 
Similar changes were seen in the smail right renal artery, the 
coronary arterjes, the aorta, the intrarenal arteries, the urinary 
-bladder arteries and the mesénteri¢ arteries. 


Discussion 
-Clinical diagnosis: The diagnosis of the acute phase 


- of mucocutaneous lymph node syndrome should be 


established relatively easily if it is fully developed with 
typical clinical features, Recognition may be a problem 
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in the atypical or mild case because no pathognomonic i a 


laboratory features have yet been established. 


The major pathologic changes of mucocutaneous. - 
lymph node syndrome are limited to the cardiovascular 


system, especially to the coronary arteries.41%19 Elec- 
trocardiographic changes including prolongation of the 


P-R interval, prolongation of the Q-T interval and ST-T 
wave changes occur in more than 70 percent of the pa- 


tients.23 Approximately 20 percent of patients who 


survive have angiographic evidence of coronary arterial” 
aneurysms or diffuse coronary arterial obstruction and- 


5 percent have mitral valve insufficiency.°?!-4 
Recently, Japanese investigators? have proposed a 


“score-table” for determining the indication for invasive 
angiography. Their studies revealed that the following © 
clinical features are associated with a large incidence of | 
coronary arterial abnormalities, carditis and sudden. 
death: (1) a male infant less than 1 year of age; (2) a 
prolonged or recrudescent fever for more than 16 days; | 
(3) peripheral white blood cell count greater than | 
30,000/mm®; and (4) erythrocyte sedimentation rate 


greater than 101 mm in 1 hour. 


Noninvasive identification of the origins of the left | 
and right coronary arteries by cross-sectional echo- | 
cardiography*® has enabled some investigators to | | 





< 





diagnose proximal coronary arterial aneurysms in pa- | 


tients with mucocutaneous lymph node syndrome. 


angiography is still indicated in convalescent patients. 
Serial angiographic studies may reveal regression of 
coronary arterial aneurysms.”° The calcified lesion 


around the aortic root could be a diagnostic clue to the _ 
coronary arterial abnormalities, particularly in cases of _ 


long-term survival. 


Prognosis: Tanaka et al.1* found that the majority a 


of deaths (53.7 percent) occurred among patients less 


than 2 years of age and 22.2 percent in patients less than _ ; 


QT 2B 
Because coronary arterial aneurysms occur in about 20. __ 
percent of the patients after the 2nd week of illness, 
serial cross-sectional echocardiograms may be useful ine | 
detecting the early development of aneurysms in the | 
proximal coronary arteries in asymptomatic patients, 
However, the sensitivity of this method has not been | 
established and, because an aneurysm may occur any- 
where along the extramural coronary arteries, selective _ 
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1 year of age. The peak time of death was 10 to 30 days 
after onset of the acute febrile illness with 20.3 percent 
of deaths occurring between 10 and 20 days and 37 
percent between 20 and 30 days. In all of these cases 
there was marked to severe involvement of the coronary 
arteries. 

Classification of cardiac lesions: On the basis of 
pathologic studies in 20 hearts of patients who had 
typical clinical signs and symptoms of the mucocuta- 


neous lymph node syndrome, Fujiwara and Hamashi- 
ma!9 classified the cardiac lesions of the syndrome from 
stage I to IV according to the duration of illness at 
death. Stage I (0 to 9 days) was characterized by acute 
perivasculitis and vasculitis of the microvessels and 
small arteries and by acute perivasculitis and endar- 
teritis of the three major coronary arteries. Pericarditis, 
myocarditis, inflammation of the atrioventricular 
conduction system and endocarditis with valvulitis were 





FIGURE 3. Case 2. Angiograms at age 3 months. Upper left, anteroposterior view of left ventricular injection and (upper right) lateral view of the 
left atrial injection showing large saccular aneurysms (arrows) of both right and left coronary arteries just distal to their origin. Bottom left, right 
and (bottom right) left subclavian arterial injections showing large tortuous, fusiform aneurysms of right and left distal subclavian arteries extending 
into both axillary arteries with complete distal obstruction of the right and decreased flow to the left brachial artery. 
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also present. Stage IT (12 to 25 days) was characterized 
by panvasculitis of the coronary arteries and aneurysm 
with thrombus in the stems. Myocarditis, coagulation 
necrosis, lesions of the conduction system, pericarditis 
and endocarditis with valvulitis were also present. In 
stage III (28 to 31 days) granulation of the coronary 
arteries and disappearance of inflammation in the mi- 
crovessels were noted. In stage IV (40 days to 4 years), 
scarring with severe stenosis in the major coronary ar- 
teries was evident. Fibrosis of the myocardium, coagu- 
lation necrosis, lesions of the conduction system and 
endocardial fibroelastosis were also present. Fujiwara 
and Hamashima! concluded that the causes of sudden 
death in the mucocutaneous lymph node syndrome are 
myocarditis and inflammation of the conduction system 
in stage I, ischemic heart disease, rupture of aneurysm, 
myocarditis and lesions of the conduction system in 
stage II and ischemic heart disease in stages III and IV. 
The longest interval between clinical onset of the dis- 
ease and death in their report was 4 years and 6 
months.!9 In the United States, Munro-Faure”9 de- 
scribed a patient who died of myocardial infarction 5 
months after the acute febrile illness; Tang and Segal®° 
reported on a patient who died 5 months after onset. 
In our series, Case 2 (Fig. 3 to 5) is an example of early 
sudden death (stage II) and Case 3 (Fig. 6) one of rela- 
tively early death with stage IV changes. Case 4 (Fig. 7) 
is an example of late sudden death from myocardial 
infarction with stage IV changes over an interval of 8 
months after a febrile illness. Case 7 is a rare but well 
documented instance of long survival in a patient with 
a history of myocardial infarction 2 years and 3 months 





FIGURE 4. Case 2. Abdominal aortogram showing saccular aneurysms 
(A, arrows) at the origin of both renal arteries and the inferior mesenteric 
arteries. The common iliac arteries are-obstructed distal to the bilateral 
aneurysms (B, arrows) at their origin. 
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after the acute febrile illness. Case 8 (Fig. 1 and 2) is 
remarkable when the etiology of the mucocutaneous 
lymph node syndrome is considered. Because the child 
had hypertension as early as 3 days of age, presumably 
due to renal arterial lesions, the primary illness may 
have occurred in utero, although there was no history 
of any kind of viral type of illness during the pregnancy. 
Although this patient is a twin, her sibling has shown 
no evidence of the mucocutaneous lymph node syn- 
drome or cardiovascular abnormality and is currently 
well. One might suspect that the same illness can be 
subclinical in adults and therefore might not be recog- 
nized. It has been reported! that the course of disease 
in older patients with the mucocutaneous lymph node 
syndrome is milder. 

Coronary arterial aneurysm: Aneurysm of the 
coronary arteries without associated fistula is uncom- 
mon, and until recently it has rarely been diagnosed 
before death.*!? Previous reports have described cases 
of coronary arterial aneurysms of congenital ori- 
gin?!,33-35 and in association with syphilis,?! athero- 
sclerosis,3!32 septic embolus, periarteritis nodosa,°6 
scleroderma,*” Ehlers-Danlos syndrome*® and bacterial 
infection.®9 

In 1963, Daoud et al.32 compiled a total of 89 cases 
including their own 10 cases of coronary arterial aneu- 





FIGURE 5. Case 2. Heart specimen showing large aneurysms (arrows) 
of the right (RCA) and left (LCA) coronary arteries. The patient died in 
the 5th week of illness from acute hemopericardium due to rupture of 
the aneurysm of the left coronary artery. 
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FIGURE 6. Case 3. Heart specimen at age 3 months. The patient died suddenly 3 months after a febrile illness. A, unusually prominent coronary 
arteries. The right main coronary artery has a diameter of 0.3 cm at its origin but the dilated segment extends to a diameter of 2.3 cm (RCA, arrow). 
The left anterior descending artery is also widely dilated at its origin with a diameter of 1.2 cm (LAD, arrow). Its distal branches are thickened. B, 
dilated left ventricle. Widespread fibrosis (arrows) is seen in the myocardium. 
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FIGURE 7. Case 4. Heart specimen at age 14 months. The patient died 
suddenly 8 months after a febrile illness. Focal aneurysmal dilatation 
of the right coronary artery (RCA, arrows) filled with thrombi of varying 
age can be seen along with marked thickening of the walls of the cor- 
onary arteries. 


rysm diagnosed at postmortem examination. Forty- 
eight of 89 cases (52 percent) were considered arterio- 
sclerotic and 16 (18 percent) congenital in origin. In 
1975, Wilson et al.34 compiled a total of 14 cases of cor- 
onary arterial aneurysm diagnosed during life. Two of 
these cases were considered to be arteriosclerotic and 
eight congenital; this suggests that arteriosclerotic an- 
eurysms of the coronary arteries are more often inci- 
dental autopsy findings, whereas congenital aneurysms 
are more likely to produce symptoms thus direct clinical 
attention to the heart. Chest pain compatible with 
myocardial ischemia or infarction, or both, was reported 
in 10 of the 14 cases of this review.*4 

From recent reports and retrospective studies**?9 it 
appears that infantile periarteritis nodosa and the 
mucocutaneous lymph node syndrome may be the same 
disease.*!9 The clinical, pathologic and histologic 
findings in infantile periarteritis nodosa are identical 
to those of the mucocutaneous lymph node syndrome 
and are quite dissimilar to those of periarteritis nodosa 
of adult onset.!819 Tang and Segal,®° reporting a case 
of sudden death 5 months after the onset of a febrile 
illness, pointed out that healed infantile periarteritis 
nodosa should be considered when one encounters 
multiple aneurysms of the coronary arteries in a young 
person; previously reported cases of “congenital aneu- 
rysms” certainly could have represented cases of healed 
infantile periarteritis nodosa with long survival. This 
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was also pointed out by Roberts and Fetterman,*? who 
suggested that if the coronary arterial lesions are all in 
the reparative stage (stage IV in the classification of 
Fujiwara and Hamashima), one might hesitate to make 
the diagnosis of infantile periarteritis nodosa. 

In two of our patients with coronary aneurysms 
(Cases 6 and 7) chest pain developed approximately 2 
years after the febrile illness (in Case 7 after an apparent 
episode of myocardial infarction). Patient 6 (Fig. 8) 
required surgical intervention but Patient 7, now 18 
years of age, is currently asymptomatic, although clin- 
ical findings such as those from the chest roentgeno- 
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gram, electrocardiogram and echocardiogram are clearly 
abnormal. Case 7 could well be diagnosed as “congenital 
aneurysm” of the coronary artery unless one obtained 
the previous history of mucocutaneous lymph node 
syndrome. It seems that healed mucocutaneous lymph 
node syndrome or infantile periarteritis nodosa has 
become one of the most likely alternative diseases in the 


‘differential diagnosis of coronary arterial aneurysms in 


children or even in adults. 

Systemic arterial aneurysms: Such aneurysms 
have been described in association with Takayasu’s 
disease,*! atherosclerosis, trauma, syphilis and Marfan’s 


FIGURE 8. Case 6. Pre- and postoperative angiograms at 7 years. A and B, selective right coronary arteriogram in left anterior oblique (A) and lateral 
(B) projections showing multiple coronary arterial aneurysms (arrows) of both the right and the left coronary arteries. There is evidence of retrograde 
filling of the left coronary artery, which is completely obstructed at its origin. C and D, postoperative left ventricular angiogram in anteroposterior 
(C) and lateral (D) projections showing patency of three vein grafts that fill the distal branches of the coronary arteries. 
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FIGURE 9. Case 5. Abdominal aortogram at age 3 1/2 years showing 
small bilateral fusiform iliac arterial aneurysms (arrows). 


syndrome. Tanaka et al.!8 has described iliac, testicular, 
mesenteric, renal and pancreatic arteries as other sites 
of arterial involvement with mucocutaneous lymph 
node syndrome. Another autopsy report of 20 patients 
with mucocutaneous lymph node syndrome from 
Japan,!9 14 of whom died suddenly, described a 6 month 
old male infant whose death was caused by rupture of 
an aneurysm of the femoral artery during the acute 
phase of the disease. In contrast, late formation of an- 
eurysms of brachial, iliac, cervical and other large ar- 
teries has been described in patients with the mucocu- 
taneous lymph node syndrome.”! Our Case 5 (Fig. 9) is 
a good example of late aneurysm formation. 
Asymptomatic patients who present with peripheral 
arterial aneurysms may have aneurysms of the main 


branches of the aorta, most importantly the coronary 
and renal arteries. For this reason, in such patients with 
peripheral arterial aneurysms, we recommend further 
investigation, including angiography, even when there 
has been no typical history of the mucocutaneous lymph 
node syndrome because “formes frustes” of this disease 
could easily be diagnosed as viral syndrome. 

Treatment: Patients in the acute phase of the disease 
have been treated with corticosteroids and anticoagu- 
lants, but it is not clear whether this mode of treatment 
will prevent further complications from coronary ar- 
terial involvement.!!’ Aspirin, with its antiinflamma- 
tory, antipyretic and antithrombotic properties, seems 
to be a reasonable choice of treatment. Thrombocytosis 
and increased aggregation of platelets have been well 
recognized in this syndrome.!42 More extensive anti- 
coagulant treatment with heparin or coumarin may be 
indicated in patients with evidence of occlusive vascular 
disease, especially in the limbs.?! The mucocutaneous 
lymph node syndrome has been treated with various 
antibiotic agents, including penicillin and chloram- 
phenicol, without clear evidence of remission.! A 
Rickettsia or Rickettsia-like organism has been reported 
as a possible pathogenic agent.!*-48 

Surgical treatment for coronary arterial obstructive 
lesions as sequelae of the mucocutaneous lymph node 
syndrome was first performed successfully in 1974 on 
a 5 year old boy in whom myocardial infarction devel- 
oped.” Since then, to our knowledge, 10 surgical cases 
with satisfactory results have been reported from 
Japan.25.27.44 

Further long-term follow-up studies of the patients 
who have survived the acute stage of the mucocutaneous 
lymph node syndrome are necessary to establish the 
spectrum of late complications and sequelae as well as 
to determine the accurate diagnosis and proper man- 
agement of the patient during the acute stage. 
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* 


The preferred management of the symptomatic infant less than 2 years 
of age with tetralogy of Fallot remains unsettled. In this study decision 
analysis was used to assess the risks and benefits of three courses of 
action: (1) primary intracardiac repair; (2) palliative operation in infancy 
and delayed intracardiac repair; and (3) treatment with propranolol in 
infancy and delayed intracardiac repair. For each. action the likelihood 
was determined cf three possible outcomes for the patient: (1) death, (2) 
poor surgical result, or (3) good surgical result. Each outcome was as- 
sociated with an estimated life expectancy. The best action was defined 
as that resulting in the longest life expectancy. With use of previously 
reported data and those from experience at one institution, a range of 
probabilities was estimated for death before operation, surgical moriality, 
success of propranolol treatment and hemodynamic result of operation. 
The choice of action was affected most by the mortality of primary in- 
tracardiac repair and the likelihood of a good hemodynamic result from 
intracardiac repair. Less important factors were the outcome of a palliative 
operation and the likelihood of success with propranolol therapy. H was 
found that in the institution studied if the mortality rate of primary intra- 
cardiac repair is 10 percent or less, intracardiac repair should be per- 
formed; otherwise propranolol treatment, which allows delay in intra- 
cardiac repair, should be selected. Both alternatives are preferabie to 
palliative operation. With decision analysis, the clinician can use 
probabilities and life expectancy appropriate to a given clinical setting ` 
in determining the best management fer the infant with tetralogy of 
Fallot. 


Recently, different opinions have been cited regarding the ideal medical 
and surgical management of infants with tetralogy of Fallot. Some in- 
vestigators'? have recommended primary intracardiac repair in young 
infants, whereas others®*t continue te use “staged” management eon- 
sisting of aorticopulmonary anastomosis followed later by intracardiac 
repair. Some® have reported success using treatment. with propranolol 
to relieve hypoxemic spells and delay intracardiac repair. 

Each physician presented with an infant having hypoxemic spells due 
to tetralogy of Fallot must consider not only the immediate mortality 
of the various alternative modes of therapy, but alse their long-term 
consequences. Questions must be asked such as: What is the risk of 
primary intracardiac repair in this infant? What is the likelihood that 
propranolol will eliminate spells? If the drug does eliminate the spells, 
how long will its beneficial effect last, and what are the possible com- 
plications associated with the therapy? What is the advantage of early 
elimination of right to left shunting? How long will the infant live if a 
poor hemodynamic result is obtained from intracardiac repair? Other 
factors weigh importantly in this decision, but these questions are suf- , 
ficient to indicate the complexity of the choices. 
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We have analyzed the management decision in te- 
tralogy of Fallot using an approach known as decision 


analysis. Decision analysis embodies a formal method 


for representing problems in which uncertainties and 
risk play important roles.®8 One of the potential ben- 
efits of decision analysis in the management of : stralogy 
of Fallot is that it provides a logical framework within 
which differences of opinion among clinicians can be 
integrated. 


Background 


Decision analysis: This embodies a formal theory of 
making decisions in the face of uncertainty. The methods of 
decision analysis are technical, having solid grounding in 


- mathematics, but the appreciation and application of these 


methods do not require an extensive mathematical back- 
ground. Decision analysis is most useful in situations in which 


-clear definitions of the options available to the decision maker 


can be made. The theory prescribes the following general 
_precedure for making a decision such as that facing the clin- 
ician in the management of tetralogy of Fallot®: (1) List the 


„options that are actually available for consideration. (2) 
_ Carefully describe the consequences that may possibly follow 


each option. (3) Arrange these options and consequences, 


- including subsequent options, in chronologic order, and assign 
-- to each consequence a value. (4) Assess in quantitative terms 
< the chance that each consequence will occur. At this point,.the 
-problem can be represented in a decision tree, such as that 


shown in Figure 1 for an infant with tetralogy of Fallot. 
Decision tree: A decision tree consists of nodes and 
branches. There are two kinds of nodes. At a decision node 
(square in Fig. 1) the clinician is required to choose one of a 
set of actions, in this case intracardiac repair, aorticopulmo- 
nary anastomosis or administration of propranolol. At chance 
nodes (circles in Fig. 1) the consequences of actions are rep- 
resented. Thus, for example, assume that at the decision node 
in. Figure 1 the clinician chooses intracardiac repair. The 
branch corresponding to that action leads to the chance node 
labeled intracardiac repair (ICR). The consequences of the 
action are then characterized as either a “good” or a “bad” 
result when the assessment is made at postoperative cardiac 
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catheterization. (These terms will be defined stibsequently.) 
The chance node is associated with probabilities that repre- 
sent the chances that the respéttive outcomes will occur. : 
The value of a given choice represents the relative desir- 
ability of the consequences. Thus, the outcome ih tetralogy 
of Fallot can be assessed in terms of different values suchas- 
patient’s survival, functional status or life expectancy. A de- 
tailed discussion of subjective assessment of values is available _ 
elsewhere. Recently, several examples of the use of these 
techniques in the clinical setting have been presented.?!® 
Life expectancy to gauge value of outcome: Virtually 
all patients who survive intracardiac repair are asyinptom- 
atic’; thus, one can assume that the quality of theii lives is- 
good. Henee, it seems reasonable to approximate the valve of 
such an outcome by life expectancy, because the quality of tife 
is unchanged and only the longevity may differ from that of | 
the general population. This is in contrast to the situation with _ 
surgery for coronary artery disease, in which patients may still, — 


be symptomatic after operation. In these patients; thé value 


of an outcome must be assessed not only by early mortality 
but also by the expectation of chest pain and the limitation. a 
of activity after operation.’ ; 

Decision analysis provides a way of combining the values : 
of an outcome with the probabilities of achieving the dutcome 


to obtain- an overall assessment of the relative merits of the 
choices being considered. Choices are ranked in terms of the 


expected value of the implied consequences. In our example, 
the expected value of a choice would be measured Hy the ex- 
pected lifetime of the infant. For example, the choice of in: o 


tracardiac repair can ultimately lead to a set of outcomes,each 


of which is associated with a different life expectancy. When 
life expectancy for each outcome is weighted by the proba- 
bility that each corresponding outcome will occur, the result 
is the overall life expectancy for intracardiac repair. 





2 
Application to Tetralogy of Fallot 
We will begin the analysis with the presentation of a typical 


case. The same procedure cah be used for any patient with. 


tetralogy of Fallot. 
Case 1: A 6 month old child was being followed up primarily = 


by the cardiologist in our group who had been studying pro- - 


pranolol, This child had been mildly cyanotic since 6 weeks. : | 








~ / Early Death 
~ J Sem 

oe Survivor > 
. Intracardiac 


° / Repair 


FIGURE 1. Decision tree for the manage- 
mënt decision in an infant with tetralogy of 
Fallot. At the square node the physician 
must make a choice. Either primary intra- 
cardiac repair (ICR), anastomosis, (Anas), 
or propranolol therapy will be chosen. if the 
choice is primary intracardiac repair, the 
first branch point in the tree is a round 
node, a “chance node”. This node, early 
“Survival from intracardiac repair, is con- 
“trolled by probability, as are all the rest of 
<. the nodes in the tree. If.a patient survives 
repair, he will have either a good or a poor 
Hemodynamic result. The tree is followed 
in this manner. Arrows indicate that several 
+ --stéps are omitted. 
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of age but presented at age 6 months (weighing 4.5 kg) with 
-the recent onset of hypoxemic spells. Three cardiologists who 
_ saw the child agreed that intervention was necessary; however, 
- each recommended a different type of treatment. 
_ We shall now analyze the decision quantitatively. This 
analysis will attempt to determine which factors in the deci- 
-sion contribute most to the final choice and, given those fac- 
-tors for this patient, what the best choice is. 
The Decision Tree 
The.three choices—perform primary intracardiac repair, 
‘perform aorticopulmonary anastomosis or administer pro- 
pranolol—are shown in Figure 1. If the patient survives 
anastomosis or propranolol therapy, these choices are assumed 
to lead eventually to intracardiac repair. All patients who have 
“intracardiac repair are assumed to face the same outcomes 
after intracardiac repair regardless of whether an anastomosis 
or administration of propranolol preceded the intracardiac 
‘repair. Therefore, the structure of the decision tree will be the 


same for all patients after intracardiac repair, with different 
probabilities of the cutcomes assigned depending en cir- 
cumstances. 

Primary intracardiac repair (Fig. 2A): If primary in- 
tracardiac repair is chosen, the patient’s subsequent course 
fellows the corresponding decision branch and arrives im- 
mediately at the first chance node labeled “intracardiac re- 
pair.” What happens here is determined by the probability 


-of early death (within 30 days) as a result of primary intra- 


cardiac repair ina 6 month old child. If the patient survives 
30 days, we shall assume that he lives at least long enough to 
undergo postoperative cardiac. catheterization. The hemo- 
dynamic result determined at cardiac catheterization might 
be either “good” or “bad.” A bad result is defined as the 
presence of a ventricular septal defect with a pulmonary to 
systemic flow ratio equal to or greater than 1.5:1, right ven- 
tricular peak systolic pressure equal to or greater than 60 mm 
Hg or distal pulmonary arterial peak systolic pressure equal 
to or greater than 40 rm Hg. Other results will be termed 


ee ee ce me ae 


‘Early Death’ Operable — No 
. Early Bad te cet 
ICR Survivor Result eee 
Cath Rev N Early 
Good Result Survivor grr- , 
iBad Result, 
A 
Good Resull| 
Early Death cR 
arly Dea 3 
ond a oe 
Anas > cary i 
[pes a Live Survivor Rest Spells 
Early Bad P- i 
Survivor 3 Die from moog 
Result Spelis Result 
Good {ICR] 
B Result 
ICR 
LJ ` 
Propranolol Propranolol 
Success 
Propranolol i 
k Die from 
c Failure Spells 
Live 


FIGURE 2. Decision trees. A, complete tree for primary intracardiac repair (ICR). The square node indicates that this is. only one of the three choices 
outlined in Figure 1. Middle, for aorticopulmonary anastomosis (Anas). The boxes labeled ICR indicate that these patients have intracardiac repair 
- at that point. in actual use, the entire decision tree in A replaces each ICR box. C, for propranolol therapy. in patients who live after failure of propranelol 
therapy, anastomosis is performed. in actual use, the box for anastomosis is replaced by the entire decision tree in B, and the ICR box by the decision 


tree in A. Cath = catheterization; Rev = revision operation. 
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“good.” If the patient. has a good result, it is a “final outcome,” 
‘that is, one not followed by additional surgery. However, if he 
or she has a bad result, this result can be either “inoperable” 
or “operable.” The patient who is unable to undergo a “revi- 
sion” operation, that is, one who is judged “inoperable after 
primary ICR” has either (1) pulmonary vascular obstructive 
disease, (2) surgically inaccessible pulmonary branch stenosis, 
or (3) right or left ventricular failure resulting from reduced 
myocardial contractility. Such a patient has arrived at a final 
outcome. We shall assume that all patients who are “operable” 
have surgery to revise the intracardiac repair. Again, if a pa- 
tient survives the revision operation he can have either a good 
or bad hemodynamic result. Because we assume that a patient 
has only one revision operation, the outcomes (“good result” 
‘and “bad result”) are the final outcomes. We therefore assume 
-that there are only four possible final outcomes for a patient 
who-has primary intracardiac repair. The patient then (1) 
dies within the first 30 days after an operation; (2) survives 
at least 30 days and has a bad hemodynamic result with a re- 
sulting inoperable condition; (3) survives reoperation with a 
bad hemodynamic result; or (4) survives either primary in- 
tracardiac repair or reoperation with a good hemodynamic 
“result, 
: Aorticopulmonary anastomosis (Fig. 2B): If a patient 
_ has an aorticopulmonary anastomosis, the first chance node 
~ denotes whether the patient will survive 30 days after anas- 
~ tomosis. In our institution a 4.5 kg child would most likely 
have an ascending aorta to right pulmonary artery anasto- 
= mosis. If the child survives, he would have either a good or a 
‘bad result. A good result of anastomosis is here defined as the 
-absence of hypoxemic spells for at least 12 months, thereby 
“allowing intracardiac repair to be postponed until the patient 
weighs 9 kg. We assume that all patients who have a good re- 
sult have intracardiac repair at the weight of 9 kg. The decision 


+- DECISION ANALYSIS IN TETRALOGY OF FALLOT—-GARSON ET AL. 





















“path” in such a patient would then follow the same branches. 
as that of a patient who had primary intracardiac repair, but 
with different probabilities of outcome. A bad result after the 
first anastomosis is defined as a result of hypoxemic spells - 
within less than 12 months. If the spells return, a delay of 1 
month is assumed between the parents’ recognition of the first 
spell and another palliative operation. During this time, the 
patient may die from a hypoxemic spell. If he survives, he will 
undergo a second palliative procedure. In our institution, he: 
would have either a revision of the ascending anastomosis or- 
a subclavian to pulmonary artery (Blalock-Taussig) anasto- 
mosis. The options discussed earlier are then faced again. If. 
the child survives the second operation and has a good result, 
he later has intracardiac repair at a weight of 9 kg or more. If. 
he has a bad result from the second anastomosis, we assume | 
that immediate intracardiac repair will be performed, 
Thus a patient who has an anastomosis could have one of 
six final outcomes: early death after a palliative operation: 
death from a hypoxemic spell while awaiting either a second 
palliative operation or intracardiac repair; and the same four 
final outcomes as for patients who had primary intracardiac 
repair. Although the outcomes are the same, the probabilities 
of the outcomes may differ. For example, a prior ascending 
aorta to right pulmonary artery anastomosis may distort the | 
right pulmonary artery and thus decrease the probability of 
an eventual good hemodynamic result from repair. 
Propranolol (Fig. 2C): If the decision is made to adinin- 
ister propranolol and the treatment is successful (defined as 
the absence of hypoxemic spells for at least 12 months), the — 
patient will have intracardiac repair at a weight of 9 kg or 
more. If drug therapy is unsuccessful, spells either persist or 
return within 12 months. In either case, a delay of at least 2 
months is assumed before the drug treatment is labeled un- | 
successful. During this time, the patient may die from spells, 




















TABLE I 
Probabilities of Events 
Probabilities 
© Probability 
Probability Estimate in 
Range From 6 Month Old 
ne Events Previous Reports Reference Infant (TCH) 
oo Primary ICR 
Early death 0.05-0.20 1,2 0.20 
Poor hemodynamic result 0.08-0.25 11, 12 0.25 
“> Inoperable after primary ICR 0.20-0.50 11, 12 0.25 
Early death after reoperation 0.07-0.50 12, 13 0.15 
Poor hemodynamic result 0.25-0.36 11, 14 0.30 
Primaty aorticopulmonary anastomosis 
Eafly death (first or 0.05-0.09 12,15, 16 0.05 
second anastomosis) 
Poor hemodynamic result 0.01-0.05 12, 16 0.05 
{first or second 
anastomosis) 
Early death after ICR 0.05-0.20 4,2,9 0.12 
{after successful 
anastomosis)" 
inoperable after ICR 0.20-0.50 9,11 0.25 
Death from hypoxemic spells 0.01-0.04 17-19 0.01 
‘Propranolol therapy 
Propranoiol success 0.45-0.70 5 0.60 
Early death after ICR 0.05-0.15 1,5 0.12 
Poor result after ICR 0.10-0.32 9,13 0.25 
_Death from spells 0.01-0.04 17-19 0.01 











K Probabilities after poor hemodynamic result from second anastomosis 
‘outcome: 


icR = intracardiac repair, TCH = Texas Children’s Hospital. 
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are not listed because fewer than 1 percent of patients will have this 
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< with increasing infundibular stenosis. If the drug treatment 
is unsuccessful and he survives, he will then have an anasto- 
mosis anc follow the same decision tree outlined in Figure 2B, 
but with different probabilities. 
The patient who receives propranolol also would have one 
-of six possible final outcomes. One outcome is death from 
hypoxemic spells before either type of surgical procedure can 
~ “be carried out. The other five possible final outcomes are the 
. Same as those of the other two decision trees because all pa- 
= tients who receive propranolol presumably will eventually 
‘require either an anastomosis or intracardiac repair. 


Probability Assessment 


Table I contains the probabilities for each of the 
: events in Figure 2. In column 2 are the reported ranges 
‘for the probabilities for patients of all ages with tetral- 
-ogy of Fallot. In column 4 are the probabilities we have 
-assumed fora patient at Texas Children’s Hospital 
-similar to the one presented as Case 1 (a 6 month old, 
_ 4.5 kg child). The final outcomes that a patient can have 
in each part of the decision tree are, as mentioned, (1) 
-early death (from hypoxemic spells or operation); (2) 
_ poor hemodynamic result (whether the patient is “in- 
_ operable” after the first intracardiac repair or has a bad 
-result after revision); and (3) a good hemodynamic re- 
sult (whether from intracardiac repair or revision). The 
probability of occurrence of any final outcome at the 
end of a series of events is calculated by multiplying 
together each of the probabilities in the series. For ex- 
‘sample, in the choice for primary intracardiac repair in 
a6 month old infant (Fig. 3), the probability of a good 
‘= result from the first intracardiac repair (0.60) is found 
by multiplying the probability of being an early survivor 
(0.80) by the probability of a good result, given that the 
: patient- was an early survivor (0.75). This probability of 
_ a good result equals 0.60. Another way of stating this 
probability is that 75 percent of patients who survive 
-the first intracardiac repair (80 percent of total) will 
_ have a good result. Patients can also have a final good 
result after revision; thus, the total probability of a good 
_- result is 0.60 + 0.09 = 0.69. If the probabilities of all final 


outcomes for a single choice are added together, the sum 
equals 1.0. Thus, in Figure 3, 0.69 + 0.09 + 0.22 = 1.0. 

These probabilities can help in the evaluation of the 
choice of therapy. The choice with the highest proba- 
bility of a good result, as well.as the lowest probability 
of either a poor result or death, would be the most pre- 
ferred. For a 6 month old patient at Texas Children’s 
Hospital, the probabilities of the final outcome are listed 
in Table II. The best ehoice is treatment with pro- 
pranolol because it has a higher probability of a good 
result and a lower probability of death than either 
anastomosis or primary intracardiac repair. Whereas 
simple probability analysis is valuable in this particular 
case, in instances where the probabilities of all three 
final outcomes are changing, it is helpful to have a 
number that denotes the worth or “expected value” of 
a choice. We now consider the assessment of that 
worth. 


Evaluating Final Outcomes 


Because the vast majority of patients are asymp- 
tomatic after repair of tetralogy of Fallot, the quality 
of life is assumed to be the same in patients regardless 
of the hemodynamic result. Therefore, length of survival 
was chosen as the measure of the value of final outcomes 
for these patients. A recent long-term study!” cf pa- 
tients with tetralogy of Fallot indicates that patients 
with a good hemodynamic result from intracardiac re- 
pair of tetralogy of Fallet die at a rate of approximately 
1 percent a year. Let us assume that these patients will 
fellow the life table for normal persons in the United 
States. The expected lifetime for a normal 6 month old 
infant in the United States is 71 years.?° In contrast, 
patients with a poor hemodynamic result after intra- 
cardiac repair of tetralogy of Fallot die at a rate of ap- 
proximately 3 percent a year.!? If we assume that each 
year 3 percent of the remaining patients will die, an - 
exponential function describes the survival curve and 
the calculated expected lifetime is 33.3 years. For death 
either during or soon after surgery, the expected lifetime 
is, of course, 0 (Fig. 4). 


Early ; Inoperable 05)! 
Death D: 75 ee meer tee ac i 
ean T7.: Operable i 
Early arly 
ICR 80 Survivor .25 best 25 Yes 15: Seat: 
E ee FIGURE 3. Decision for the choice of pri- 
Cath ood i Early pero , Mary intracardiac repair (ICR) in a 3 month 
4 . : cid child at Texas Children's Hospital. 
ood p Resu 1D Survivor 30i Resu n! Probabilities for each outcome of an event 
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are given. with each branch of the tree. The 
probability of surviving intracardiac repair 
equals. 0.80 and the probability of early 
death equals 0.20. The probabilities for 
achieving a particular final outcaeme are 
shown in circles (for example, the proba- 
bility of a good result from the first intra- 
cardiac repair equais 0.60). The probabil- 


~eo oan 
0 Result 


Ries (P) of arriving at each of the three final - 


outcomes are listed at bottom. 
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TABLE ff 


Probabilities of Final Outcomes (6 month old infant at 
Texas Children’s Hospital) 














Therapeutic Choices 
Probability Primary 
of intracardiac —_ Aorticopulmonary 
Final Outcomes Repair Anastomosis Propranolol 
Good result 0.69 0.70 0.76 
Poor result 0.09 0.09 0.09 
Death 0.22 0.21 0.15 
Expected Value 


Each of the three choices in the decision (intracardiac 

-= repair, anastomosis, treatment with propranolol) has 
‘in turn three possible final outcomes (good result, poor 
result, early death). To obtain the expected value for a 
particular final outcome, the probability of each final 
‘outcome is multiplied by the expected lifetime of the 


™ patient with this outcome. In Table ITI, a sample cal- - 


-culation for a 6 month old child at Texas Children’s 
_ Hospital is illustrated. For primary intracardiac repair, 
-the probability of a good result is 0.69. The expected 
lifetime for any patient with a good result is 71 years. 
‘The expected value of a good result is 49 years (0.69 X 
0.71). To obtain the expected value for the entire choice, 
_the expected values for each final outcome are added 
together. For primary intracardiac repair, the total ex- 
pected value is 52 years (49 + 3 + 0). If the same group 
had anastomosis and later intracardiac repair instead, 
its expected lifetime would be 57 years. Therefore, for 
such an infant, primary intracardiac repair and anas- 
tomosis appear to have about the same relative value, 
but each is less preferable than initial therapy with 
propranolol followed later by intracardiac repair. 


Good Result 


- Poor Result 





0 20 40 60 80 
Expected Lifetime (EL) (years) 


FIGURE 4. Estimated lifetimes for a 6 month old infant with tetralogy 

Of Fallot. Patients witha good result are assumed to follow the United 
“States life table with an expected lifetime of 71 years. Patients with a 
poor result are assumed to die at a rate of 3 percent a year, with an 

«expected lifetime of 33 years. Patients who die early after intracardiac 
repair have an expected lifetime of zero. 
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TABLE Ill 


Calculation of Expected Values* (6 month old infant at 


Texas Children’s Hospital) 








Therapeutic Choices 








Primary Aorticopulmo- : 
intracardiac nary Propranolol 
Repair Anastomosis Therapy 
Probability of l ' 
final outcome 
Good result Pica) 0.69 0.70 0.76 
Poor result Pipp; 0.09 0.09 0.09 
Death Pip, 6.22 0.21 0.15 
Utilities (U) en 
Good resuit 71 years 71 years 71 years 
Poor result 33 years 33 years 33 years 
Death 0 0 0 
Expected values 
Good result 49.0 years 49.7 years 54.0 years. 
Poor result 3.0 years 3.0 years 3.0 years 
Death 0 0 6 z 
Total expected values 52.0 52.7 57.0 
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* Expected values of therapeutic choice = [P(aq) X Ulea)] + Plod. 
X Ulpr)} + [Plo) X Uo). o 





These conelusions are based on assumed probabili- 
ties and assumed expected lifetimes. The range of 
probabilities found in publications!!!5-!9 (Table Ijin- 
dicates that other institutions would use different 
numbers. The example cited here simply illustrates how 
the calculations are made. The same procedure may be 
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FIGURE 5. Comparisons of expected values with propranolol therapy | 
and primary intracardiac repair (1° ICR} when different probabilities = 
of events are assumed. Under present conditions at this institution for o= 
a 6 month old infant, the expected value of propranolol therapy (dotted 
line) is higher than that of primary intracardiac repair. If the best possible 
surgical mortality or the best possible hemodynamic results are as- 
sumed, then the expected value for primary intracardiac repair is higher 
than that for propranolol therapy. 
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used by any institution in evaluating management 
choices in patients of all ages. 


‘Sensitivity Analysis 


Range of expected values for choices based on 
: probabilities for the events: Through sensitivity 
analysis one can determine how much certain events 
influence the decision. By substituting the range of 
probabilities for a single event, one can recalculate the 
`= probabilities for the three final outcomes and the overall 
‘expected values of the choices. If, by changing the 
probabilities of a certain event, the overall expected 
value of a choice changes appreciably, the decision is 
_ Said to he sensitive to changes in the probability for that 
< event. For example, the range of probabilities for early 
death after primary intracardiac repair is 0.05 to 0.20 
(Fable 1). If 0.05 instead of 0.20 is inserted at the first 
chance node in Figure 3, the final outcome probabilities 
_ would be: probability of a good result = 0.81; probability 
ofa poor result = 0.11; probability of early death = 0.08. 
_ ‘The expected values for the outcomes would be 57.5, 3.6 
and 0 years, respectively. The expected value for in- 
_ tracardiac repair is 61.1 (57.5 + 3.6 + 0). This is higher 
_ than 52.0 years, the expected value for intracardiac re- 
___ pair with probability of early death = 0.20 (Table IID. 
-Table IV lists the range of expected values for the choice 
: obtained when the probabilities for the events are varied 
from the lowest value (best result) to the highest value 
(worst result) found in published results. The value for 
the difference between the lowest and highest value 
determines the sensitivity; the more the expected values 
„change, the more sensitive the decision is to this 
event. 
Mortality and hemodynamic result: the most 
sensitive probabilities: For all three choices, the ex- 
pected values are most sensitive to the probability of 


TABLE Iv 








early death from intracardiac repair, the probability of 
a poor hemodynamic result after intracardiac repair and 
the probability of early death after revision. The ex- 
pected values are less sensitive to the mortality and 
results of anastomosis and to the likelihood of success 
with propranolol therapy. The expected values are 
virtually insensitive te the probability of death from 
hypoxemic spells. 

Table IV and Figure 5 show that if the mortality of 
primary intracardiac repair in the infant were lowered 
to 0.05, primary intracardiac repair would be the pre- 
ferred choice (expected lifetime = 61.1 years). Similarly, 
if the probability of a poor hemodynamic result were 
lewered to 0.06, the expected lifetime would be 58.9 
years, and again primary extracardiac repair would be 
preferred over treatment with propranolol (Fig. 5). If 
the probability of early death from primary intracardiac 
repair is equal to 0.11 or the probability of a poer he- 
modynamic result from primary intracardiac repair is 
equal to 0.14, the expected lifetime with propranolol 
therapy is equal to that with primary intracardiac re- 
pair. Therefore, if the probability of early death from 
primary intracardiac repair is 10 percent or less cr the 
probability of a poor hemodynamic result from primary 
intracardiac repair is 13 percent or less (with other 
probabilities unchanged), then primary intracardiac 
repair would be the chcice at our hospital. 


Discussion 


The results of this analysis have shown that.decision 
analysis can be of use in clarifying the problem of the 
management of the symptomatic infant with tetralogy 
of Fallot. When the three alternative therapeutic 
choices are depicted in a decision tree, the possible fates 
of an individual patient are readily apparent. This step 
alone has been useful in beth graduate and postgraduate 











- Sensitivity Analysis of Events in Tetralogy of Fallot 
Best Result Worst Result Range of 
Expected Expected Expested 
Event Probability Value Probability Value Valuas * 
Primary ICR 
Early death 0.05 0.20 52.0 9.4 
Poor hemodynamic result 0.06 58.9 0.25 55.1 3.8 
Inoperable after primary ICR 0.20 55.2 0.50 54:0 12 
Early death after reoperation 0.07 55.8 0.50 520 3.6 
Poor. hemodynamic result after reoperation 0.25 56.5 0.36 54.8 0.7 
¿Anastomosis 

Early death -05 54.1 0.09 52.0 2.4 
Poor hemodynamic result 0.01 53.4 0.05 527 0.7 
Early death after ICR 0.05 56.9 0.20 48.1 8.3 
< Poor hemodynamic result after ICR 0.10 55.3 0.39 50.1 5.2 
inoperable after ICR 0.20 52.3 6.50 51.5 0.8 

Death from spelis 01 52.7 0.04 §2.7 0 

Propranolol 

Propranolol success 0.40 58.4 0.79 55.1 3.3 
Early death after ICR 0.05 58.0 0.15 545 3.6 
`= Poor result after ICR 0.10 60.3 0.32 56.0 AS 
Death from spells 0.01 §7.3 0.04 56.0 1.2 








* This column was obtained by subtracting the expected value of the worst result from the expected value of the best result. 


ICR = intracardiac repair. 
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medical education programs teaching medical students 
and residents the possible outcomes for a given dis- 
ease?! 

Sensitivity analysis demonstrated which events 
would affect the decision and which would not. It is not 
surprising that the decision is quite sensitive to mor- 
tality and to hemodynamic results of intracardiac re- 
pair. The decision is less sensitive to the mortality and 
hemodynamic results of anastomosis: This is because 
death and poor results of anastomosis are such unlikely 
events that small changes in their probabilities do not 
affect the overall decision. The same appears to be true 
for the probability of death from hypoxemic spells. 
Death is an uncommon event if not more than 2 to 3 
‘months elapse, with the patient having spells associated 
with failure of either propranolol therapy or anasto- 
mosis, and so the decision is not affected by the rela- 
‘tively low mortality. Within the range of probabilities 
used here, the decision is only minimally sensitive to the 
probability of success with propranolol therapy, pri- 
marily because the range (0.45 to 0.70) is small com- 


pared with other ranges. If the range were wider, the 


-decision would be quite sensitive to success with pro- 
~pranolol, For example, if the probability of success with 
= propranolol therapy were quite low (0.10), then most 
-eardiologists would recommend anastomosis; but if the 
probability were high (0.80), then most patients would 
recéive propranolol initially and a delay in intracardiac 
repair. The expected lifetimes for the patient in these 
two situations are quite different and the decision would 
therefore be sensitive to the probability of success with 
propranolol therapy. 
Decision analysis also indicated that the preferred 
course of treatment for a 6 month old infant with te- 
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* 


tralogy of Fallot in our institution is administration 
of propranolol followed by later intracardiac repair. 
It revealed that if in the future we have reason to believe 
that the early mortality of intracardiac repair in a young 
infant is 10 percent or less, then we should choose to 





perform primary intracardiac repair. According to the- 


analysis, the least preferred choice is primary aortico- 
pulmonary anastomosis. These conclusions were ob- 
tained using our estimates of probabilities and expected 
lifetimes. However, any clinician can substitute values 
from his own institution in Table I, expand Figure 2, — 
calculate expected values (Table TTD and reach con- = 
clusions for his own patients. oe 

Implications: We are in the process of refining our 


decision tree to make it more useful; the present one __ 


refers only to mortality. Morbidity may be included in 
terms of likelihood of cerebrovascular accident and 
bacterial endocarditis. Patients are described only in 
terms of age and weight. Other factors, such as preop- 
erative hemoglobin level,?? anatomy of the pulmonary 
arteries and right ventricle?*-*4 and left ventricular 
size,”> may affect outcome and we plan to assess their 





relative importance. The clinical variables may then be 


characterized preoperatively not only by age and weight, - 
but also by pulmonary arterial anatomy and other fac- 
tors found to be important. The probability of occur- 
rence of each event in the decision tree can then be 
calculated for patients described by numerous variables 
with the methods used for this calculation in a patient: 
described by the two variables age and weight. Even 


without these refinements and extensions, it should bec 


possible in the future to use decision analysis to help the 
clinician select the best course of management for pa- 
tients with tetralogy of Fallot. 
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Absent Right Superior Vena Cava With Persistent 
Left Superior Vena Cava: Implications and Management 


CORA C. LENOX, MD, FACC Seven cases of absent right superior vena cava with persistent left superior __ 





JAMES R. ZUBERBUHLER, MD, FACC vena cava and normal situs were diagnosed at Children’s Hospital of _ 
SANG C. PARK, MD, FACC Pittsburgh. All patients had associated cardiac defects. In two cases the 
WILLIAM H. NECHES, MD, FACC* diagnosis was made at autopsy, the first in 1957 in a 26 day old infant with 
ROBERT A. MATHEWS, MD multiple congenital defects and the second in 1965 in a 22 day old infant 

ry a nei : a who had pulmonary atresia with ventricular septal defect and patent 

~ RALPH D. SIEWERS, : MD, FACC ductus arteriosus. Since 1966 absent right superior vena cava has been ] 

diagnosed at cardiac catheterization in five children. Three of these 

=<. Pittsburgh, Pennsylvania children have had surgery, two for subaortic stenosis and one for an atrial 


septal defect. One has an insignificant atrial septal defect and the fifth. 2 
has a ventricular septal defect. The electrocardiogram of four reveals a. — 
short P-R interval and a leftward frontal plane axis of the P wave, _ 
Suggesting a low atrial focus. None has had any significant conduction _ i 
problem. All five children are living and well; the oldest has survived 13 
years postoperatively. Certain precautions are necessary should cor- 
rective cardiac surgery or transvenous pacemaker insertion be neces- 
sary. 








Absence of the right superior vena cava with a persistent left superior 
vena cava is rare. At Children’s Hospital of Pittsburgh we undertook a a 
study to determine the experience in this institution. Because absence a 
of the right superior vena cava may be normal in cases of heterotaxia, oF 
cases with mirror image dextrocardia, situs inversus and visceral 
transposition were excluded. In 4,825 cardiac catheterizations performed 
between July 1966 and June 1978, five cases of absent right superior vena 
cava (0.1 percent) were diagnosed. It is unlikely that any case was 
overlooked during this period because it is the hospital’s policy to enter 
the right superior vena cava during cardiac catheterization, even in in- 
fants. The hospital’s heart museum contains 1,550 hearts with congenital _ 
defects; 2 of these hearts (0.13 percent) show absence of the right superior | 
vena cava. During the 21 years after diagnosis of the first case, a total — ] 
° of 3,804 postmortem examinations were performed and the incidence | 
rate of absent right superior vena cava in this miscellaneous group was sy 
0.053 percent. A review of published reports revealed 60 cases with absent 
right superior vena cava and situs solitus; 49 were diagnosed when con- 
genital cardiac defects were suspected and 11 when arrhythmias devel- 
oped. This report describes the seven cases encountered at this hospital, 


From the Pediatric Cardiology Division, Children’s potential problems during cardiac surgery and the electrocardiographic T 
Hospital of Pittsburgh and Departments of Pedi- abnormalities in this anomaly and their clinical importance. 
atrics and Surgery, University of Pittsburgh, 

Pittsburgh, Pennsylvania. Manuscript received July Case Reports 


31, 1979, accepted September 6, 1979. 


UTeaching Scholar of the American Heart Case 1: A premature male infant with Down’s syndrome and multiple con- 


genital anomalies was found dead in his crib at age 26 days. In addition to absence | 


a ee reprints: Cora C. Lenox, MD, Car- of the right and persistence of the left superior vena cava, a very large coronary 
_ diology Division, Children's Hospital of Pittsburgh, sinus, transposition of the great arteries, a single ventricle, a common atrio- 
* 125 DeSoto Street, Pittsburgh, Pennsylvania ventricular (A-V) valve and a bicuspid pulmonary valve were found at au- 
. 15213. topsy.! 
s 
~ 
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Case 2: A 1.8 kg girl, born 2 weeks prematurely, was ad- 
mitted to this hospital at age 14 days because of increasing 
cyanosis. Pulmonary atresia, ventricular septal defect and 
patent ductus arteriosus were diagnosed at cardiac catheter- 
ization and a Blalock-Taussig systemic to pulmonary arterial 
anastomosis was performed. The infant initially showed im- 
provement but died on the 22nd day of life. In addition to the 
previous diagnoses, autopsy revealed an absent right superior 
vena cava (above the azygos vein) and a persistent left superior 
vena cava that drained into the right atrium through a large 
coronary sinus. Thrombosis of the Blalock-Taussig connection 
had occurred. The electrocardiogram is not available for 
study. 


Case 3: An 8 year old boy with discrete subaortic stenosis 
was catheterized by way of the right basilic vein. The catheter 
passed across the mid line and down a left superior vena cava 
to the coronary sinus where it entered the right atrium. A 
venogram revealed no right superior vena cava (Fig. 1). He 
underwent resection of the subaortic membrane at age 9 years 
and again 4 years later for recurrent obstruction. With each 
procedure the inferior vena cava was cannulated through the 
right atrial appendage (or its stump). The left superior vena 
cava was cannulated through a purse-string suture in the right 
atrium and the cannula guided by palpation through the 
coronary sinus into the left superior vena cava. Despite coro- 
nary sinus rhythm (Fig. 2) the child experienced arrhythmia 
only at the end of the first operation when it was difficult to 
defibrillate the heart and immediately postoperatively when 
he had a period of supraventricular tachycardia. The elec- 
trocardiographic findings in Cases 3 to 7 are summarized in 
Table I. 


Case 4: A 6 year old girl with a similar systemic venous 
anomaly plus discrete subaortic stenosis and an anomalous 
right subclavian artery underwent cardiac catheterization. 
One year later she underwent excision of the subaortic 





FIGURE 1. Case 3. With the catheter in the innominate vein (INV) 
contrast medium is injected, showing the left superior vena cava (LSVC) 
and no right superior vena gava. MPA = main pulmonary artery. 


membrane. Cannulation was carried out by the technique 
described in Case 3. 


Case 5: At cardiac catheterization this 3 year old girl was 
found to have an atrial septal defect in addition to an absent 
right and a persistent left superior vena cava. At operation an 
atretic cord in the usual area of the right superior vena cava 
was found but no azygos vein was identified. The inferior vena 
cava was cannulated through the right atrial appendage and 
partial cardiopulmonary bypass instituted. An atriotomy was 
made diagonally from the superior lateral portion of the right 
atrium toward the inferior vena cava. A cardiotomy suction 
cannula was used to control the left superior vena cava! flow 
through the coronary sinus. Because the atrial septal defect 
was large (2 cm in diameter) and was near the coronary sinus 
a knitted Dacron® patch was used to close the defect. On 
completion of the procedure the coronary sinus was visualized 
and it had not been compromised by the patch. The child has 
continued to do well, but there have been some electrocar- 
diographic changes (‘Table I). 

Case 6: A 9 1/2 year old boy-had cardiac catheterization, 
which confirmed absence of the right and persistence of the 
left superior vena cava draining into the coronary sinus. In 
addition, the boy had a very small atrial septal defect that did 
not require closure. 


Case 7: A 6 year old girl with Down’s syndrome was found 
at cardiac catheterization to have the vena caval anatomy 
described in previous cases and a ventricular septal defect. 
Closure of the defect has not been performed but cannulation 
will be similar to that in Case 3. 


Discussion 


Incidence: Absent right superior vena cava with 
persistent left superior vena cava was first reported in 
1862 (Ref.9 of Karnegis et al.?). When the right superior 
vena cava is absent there is always a left superior vena 
cava that usually empties by way of the coronary sinus 
into the right atrium.* However, the left superior vena 
cava may join the left atrium directly.4® The incidence 
rate of persistent left superior vena cava has been esti- 
mated to be 2 percent in congenital heart disease with 
situs solitus, but it is higher (40 percent) when there is 
abnormal situs.” There are no accurate statistics of the 
comparative incidence of persistent left superior vena 
cava with or without a right superior vena cava. Winter® 
reviewed 170 proved cases of totally persistent left su- 
perior vena cava and found absence of the right superior 
vena cava in 31. In 6 of the 31, the left superior vena cava 
entered the left atrium or a common atrium direg¢tly. 
However, cases of transposition of the viscera and situs 
were included. Winter analyzed 28 cases of left superior 
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FIGURE 2. Case 3. Electrocardiogram showing upright P wave in lead 
| and inverted P wave in leads II and Ill. 
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vena cava in his own series and reported that in two of 
these the upper segment of the right superior vena cava 
had lost continuity with the lower segment. The latter 
segment received the azygos vein and entered the right 
atrium. Karnegis et al.? collected 29 single cases of ab- 
sent right superior vena cava and persistent left superior 
vena cava reported between 1862 and 1964 and added 
1 of their own. Since then, 30 additional reports*have 
been collected and are summarized in Tables I14-6;8-19 
and III.*:20-29 To these 60 cases we add our 7 cases, 
making a total of 67. 

Embryology: The embryology of this systemic ve- 
nous anomaly has been discussed elsewhere.”!° Because 
an atretic remnant of the right superior vena cava oc- 
casionally persists, the time of atrophy must vary. 
However, if the left superior vena cava enters the right 
atrium by way of the coronary sinus the atrophy must 
occur before the left cava has lost its continuity with the 
left duct of Cuvier. In contrast, if the left superior vena 


~ cava enters the left atrium directly, the normal devel- 


opment would have been arrested earlier and the sinus 
venosus may never have been absorbed into the right 
atrium, in which case the coronary sinus may be ab- 
sent.®10 

Surgical implications: Absence of the right superior 
vena cava may pose problems during cardiac surgery. 
Early in the experience of open heart surgery it was 
recommended that a left superior vena cava found by 
the surgeon not be ligated.” This recommendation is 
important when it is not known if a right superior vena 
cava is present or if there is adequate connection be- 
tween the two superior venae cavae. In doubtful cases, 
pressure in the left superior vena cava above a tempo- 
rary occlusion may be measured. If it is more than 15 
mm Hg, the vessel cannot be safely ligated and must be 
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cannulated at the time of arterial bypass surgery.!? In 
our Case 5 the inferior vena cava and a left superior vena 
cava were cannulated in the presence of an atrial septal 
defect; care was taken to protect the area of the coronary 
sinus from trauma. It has been suggested that the left 
superior vena caval cannula be advanced up the cava 
until its tip lies just inside the pericardium,’ keeping it 
away from the coronary sinus because the atrial pace- 
maker may be in that area!?30 and could be trauma- 
tized. 

If the atrial septum is intact and the left superior vena 
cava enters the left atrium directly the interatrial sep- 
tum will have to be incised before the anomalous venous 
trunk can be cannulated.*° Furthermore, when the 
systemic venous return from the upper half of the body 
flows directly into the left atrium, the right atrium may 
be too small to accept the increased flow from the left 
superior vena cava when it is transferred to the right 
atrium. Enlargement of the right atrium by reseptation 
of the two atria may be necessary in such cases.!® Suc- 
cessful transfer of the left superior vena cava to the right 
atrial appendage has been described by Shumacker et 
al.1! In an unusual case, Krayenbuhl and Lincoln® used 
a baffle to redirect the total systemic venous return from 
the left superior vena cava to the right atrium. When the 
right atrium does not need to be opened, as in our pa- 
tients with subaortic stenosis (Cases 3 and 4), the 
method of cannulation is that described in Case 3. 

Arrhythmias and electrocardiographic changes: 
Arrhythmias may be encountered when there is an ab- 
sent right and persistent left superior vena cava to the 
coronary sinus as demonstrated in the 11 reported cases 
summarized in Table III. All but one patient (Case 9) 
was an older adult who required a pacemaker. Abnor- 
malities of the conduction system associated with this 


Electrocardiogram in Five Cases of Absent Right Superior Vena Cava With Left Superior Vena Cava Draining to 


Coronary Sinus 


Electrocardiographic Study 
QR: 


Associated Relation Heart Duration P Wave Axis 
Case Age Cardiac to Rate P-R QRS Axis Frontal Plane 
no. (yr) Defects Operation (beats/min) (s) (s) (2) (°) Remarks 
3 8 SAS Preop 75 0.08 0.06 +45 —30 LVH (Fig. 2) 
91 Postop 100 0.08 0.08 +45 —30 
(1st) 
13 Postop 60 0.12 0.14 —60 —30 LBB, 
(2nd) P wave 0.10 s 
4 6 SAS Preop 80 0.08 0.06 +70 —10 
6 Postop 80 0.10 0.08 +70 —10 
10 Postop 90 0.10 0.12 0 =10 LBB 
(4 yrs) 
5 3 ASD Preop 120 0.12 0.06 +120 —30 RVH 
Postop 80 0.10 0.08 +10 —30 
(early) 
8 Postop 0.11 0.07 =30 = 
(late) 
6 9 ASD None 80 0.11 0.08 +90 +10 
7 6 VSD None 120 0.16 0.06 +60 +30 BVH 


ASD = atrial septal defect; BVH, LVH and RVH = biventricular and left and right ventricular hypertrophy, respectively; LBB = left bundle branch 


block; postop = postoperatively; preop = preoperatively; SAS = subaortic stenosis; VSD = ventricular septal defecė. 


a 
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TABLE Il 
Nineteen Reported Cases of Absent Right Superior Vena Cava 
First Case Age Diagnosed LSVC Other 
Author no. Sex (yr) by to Defects 
Cases With Associated Cardiac Defects 
Winter® 4,:2 š cs 
(1954) 
Bosher® 3 cs SIA 
(1959) 
Taybi'® 4 F 4 Cc LAt OPD, ASD 
(1965) 
Shumacker"! 5 F 4h Cc LA SIA 
(1967) 
Momma! 6 F 2 c,s cs TOF, ARS 
(1969) 
7 M 2 c,s cs ASD 
8 M 4 Cc cs ASD 
Thomson ‘3 9 F 11 S CS ASD 
(1970) 
10 F 7 Cc cs ASD 
Kuaity 14 11 M 13 st PARS 
(1970) 
Sherafat* 12 F 51 C LA none 
197 
Kabbent 13 F 5 Cc LA VSD 
(197 
Stevens '® 14 F 39 RA cs MSR 
(1975) 
Viart'® 15 M 3% crs LA ASD 
(1977 
Skoulas "7 16 F 51 C cs DORV, PS, RAA 
(1977) 
Krayenbuhl® 17 5/12 S LA ACS, CMV, SIA, 
(1977) TASVC, VAS 
Cases Without Associated Cardiac Defects 
Steinberg '® 18 M 21 Cc cs none 
(1953) 
Cha’? 19 M 11 Cc cs none 
(1972) 
* Not stated. 


t Absent coronary sinus. 
ł Diagnosed at surgery for neurofibroma. 
§ Upper right pulmonary vein to innominate vein. 


A = autopsy; ACS = absent coronary sinus; ARS = anomalous right subclavian artery; ASD = atrial septal defect; C = catheterization; CMV 
= cleft mitral valve; CS = coronary sinus; DORV = double outlet right ventricle; LA = left atrium; LSVC = left superior vena cava; MSR = mitral ` 
stenosis, rheumatic; OPD = ostium primum defect; PAR = partial anomalous pulmonary venous connection; PS = pulmonary stenosis; RA = ra- 
dionuclide angiography; RAA = right aortic arch; S = surgery; SIA = single atrium; TASVC = total anomalous systemic venous connection; TOF 


= tetralogy of Fallot; VAS = vascular ring; VSD = ventricular septal defect. 


venous anomaly have further been emphasized by 
James et al.,? who made a detailed study in two teenage 
boys. One died suddenly and the other died of an ar- 
rhythmia 16 days after repair of a ventricular septal 
defect.? The first patient had a small sinus node and the 
second had a mass of polypoid tissue blocking the sinus 
nodal artery. Both boys had basically similar histologic 
findings. In both, the A-V node was fragmented and 
stretched out over a large coronary sinus. Histologically 
there was disorganization and fetal dispersion of the 
conduction tissue throughout the A-V node and the 
bundle of His. Both also had prominent venous lacunae 
in the A-V node. James et al. speculated on the effect 
of these histologic abnormalities on the electric insta- 
bility of hearts with a persistent left superior vena cava 
draining into the coronary sinus. 

Other investigators have emphasized the electro- 
cardiographic findings that may be associated with a 
persistent left supesior vena cava. Coronary sinus 


120 


rhythm, with an upright P wave in lead I and an in- 
verted P wave in leads II and III,*! has been related to 
this anomaly.!2:3° Table I lists the electrocardiographic 
data in our five surviving patients. Four patients man- 
ifest left axis deviation of the P wave in the frontal 
plane, thus meeting the criteria for coronary sinus 
rhythm!? (Fig. 2). When a persistent left superior vena 
cava drains into the coronary sinus there is a large os- 
tium with adjacent nodal tissue that represents the 
embryonic pacemaker cells seen at the junction of the 
left cardinal vein and the left horn of the sinus venosus 
in the embryo.*? Because the A-V node originates from 
the same area,*? it is possible that the conduction tissue 
that appears to extend as a tail around the coronary 
sinus is an alteration of the A-V node by the enlarged 
coronary sinus. However, this group of pacemaker cells 
electrophysiologically resembles the sinus node,*! and 
may represent persistence of a separate node. Electro- 
physiologic studies at the time of cardiac catheterization 
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TABLE Ill 
Eleven Reported Cases of Absent Right Superior Vena Cava With Associated Arrhythmias 
Age 
Case (yr) Cardiac ECG 
Author no. Sex Problems Arrhythmias Paced Results 

Harthorne2° 1 76M Angina CHB Yes* Good 
Kura? 2 73M SAA, CHF, CAD CHB Failed Died 
Rose” t 3 82M ASHD CHB Yes Successful 
Hatrig?® 4 49M SAA, CHF Variable to CHB Yes Successful 
cote? 5 79F Syncope Yes Did well 
tt 6 56M ACD Variable block Yes Good 
ponita 7 73M CAS, SAA CHB Yes Died 
Chlathicphan?? 8 85M ASHD, CHF Arrhythmiat Yest Died, + 
leat 9 13M None Sudden death Autopsy ++ 
riche 10 61? Syncope A-V block Yes Did well 
meiiies” 11 60M CAD, SAA Trifasicular block Yes Died 


* Transvenous, followed by epicardial. 


t Premature ventricular contractions, atrial fibrillation, slow ventricular rate, right bundle block, left axis deviation. 


+ Permanent transvenous. 


ACD = acute coronary infarct; ASHD = arteriosclerotic heart disease; CAD = coronary artery disease; CHB = complete heart block; CHF = 
congestive heart failure; ECG = electrocardiographic; SAA = Stokes-Adams attacks. + = thrombosis of coronary sinus; ++ = abnormal conduction 


system. 


and histologic study of the conduction system in post- 
mortem material may explain the electric instability in 
some of these hearts and determine whether it is related 
to the presence of a large left superior vena cava and 
coronary sinus, an absent right superior vena cava or an 
- unrelated conduction tissue developmental defect. 

Diagnosis: Diagnosis of absent right superior vena 
cava and persistent left superior vena cava is usually 
made at the time of cardiac catheterization or at oper- 
ation or at autopsy. The anomaly may be suspected 
when the chest roentgenogram reveals absence of the 
shadow of the right superior vena cava and shows an 
extra structure in the area of the aortic knob and upper 
mediastinum (Fig. 3). With injection of contrast medi- 
um into a vein in the right arm and visualization by 
fluoroscopy or cineangiography it is easy to confirm the 
diagnosis. In recent years, the diagnosis has been made 
with radionuclide angiocardiography.!® 

Implications: The incidence of absent right superior 
vena cava and persistent left superior vena cava may be 
less rare than a review of published data indicates. The 
anomaly may not be diagnosed unless there are ac- 
companying intracardiac defects or conduction abnor- 
malities. However, the diagnosis may be suspected from 
radiographic or electrocardiographic findings and 
confirmed with cineangiography or radionuclide an- 
giocardiography. In patients undergoing operation for 
congenital heart defects, the area about the coronary 
sinus should be protected during the cannulation of the 
left superior vena cava. Long range follow-up with 
careful observation of the electrocardiogram is impor- 





FIGURE 3. The chest roentgenogram reveals absence of the usual 
shadow of the right superior vena cava (closed arrow). The extra 
shadow on the left represents the left superior vena cava (open 
arrow). 


tant. Any patient with this anomaly who needs an ar- 
tificial pacemaker should have the epicardial type be- 
cause of the difficulty in obtaining sustained capture by 
a transvenous pacemaker. 
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Selectively Increases 
Myocardial: Contractility 

with Consistent 
Hemodynamic improvements 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


cIndiestions and Usage: Dobutrex® (do- 

““butamine hydrochloride, Lilly) is indicated 

_owhen parenteral therapy is necessary for in- 

“otropic support in the short-lerm treatment 

adults with cardiac decompensation due 

deptessed contractility resulting either 
organic heart disease or from cardiac 
rgical procedures. 

“Jn patients who have atrial fibrillation with 
fapid:-ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


_Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
“trophic: subaortic stenosis. 


“Warmings: 1. increase in Heart Rote-or Blood 
Pressure—-Deobutrex may couse a marked 
increase in heart rate of blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate Increases of 30 beats/minute or 
Mote; and about 7.5 percent have had a 
50-mm Hg or greater increase. in-systolic 
pressure, Reduction of dosage usuaily re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
“Suction. patients with otal fibrillation are at 
ask of developing rapid ventricular response. 
Patients. with preexisting hypertension. ap- 
-pedr fo face an increased risk of developing 
Qf exaggerated pressor response. 
+12 Ectopic Activity--Dobutrex may precipi- 
“tate or exacerbate ventricular ectopic ac- 
“livity, bul It rarely has caused ventricular 
jochycardia. 


‘Precautions: 1 During the administration. of 
Dobutrey as with any adrenergic agent, ECG 
and blood pressure should be continuously 

monitored. in addition, pulmonary wedge 

“pressure. and cardiac output should be 
monitored whenever possible fo aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 

received a beta-blocking drug. In-such a 

ise, the peripheral vascular resistance may 















Nocimprovement may be observed in 
“presence of marked mechanical 
bslruction, such as severe valvular aortic 
Osis 
Usage Foliowing Acute Myocardial 
farction—Cilnical experience with, Dobu- 
ex following. myocardial infarction has 
_ been insufficient to establish the safety of the 





Dobutrex: 
Dobutamine HCI 


For LV. injection 
250 mg“ in 20-mi-size vials 








drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but It is not 
known whether cobutamine does so. 


Usage in Pregnancy—Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 

Pediatric Use—The safety and effective- 
ness of Dobutrex® (dobutamine hydro- 
chioride, Lilly) for use in children have not 
been studied. 

Drug interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, inciuding digitalis 
preparations, furosemide. spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomifant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: increased Heart Rate, 
Blood Pressure, and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been te- 
ported in 1 fo 3 percent of patients: nausea, 
headache, anginal pain. nonspecific chest 
pain, palpitations, and shortness of breath. 

No abnormal laboratory values attribut- 
abie to Dobutrex have been observed. 

longer-lerm Safety—intusions of up to 72 
hours have reveaied no adverse effects 
other than those seen with shorter infusions. 


Overdosage: in case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until fhe patients condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability—Dobutrex® (dobutamine hy- 
drochioride, Lilly} is incompatible with aika- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobulrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 mi of diluent to Vial 
No. 7051, Dobutrex, 250 mg. ff the material is 
not completely dissolved, add an additional 
10 mi of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours-or at room temperature for six hours. 

Reconstituted Dobutrex must be furtherdi-e. © 
luted to at least 50 mi prior to administration 
in 5% Dextrose injection. 0.9% Sodium 
Chioride injection, or Sodium Lactate injec- 
tion. intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
acolor that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant joss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage—The rate of infu- 
sion needed to incregse cardiac output 
usually ranges from 2.5 to 10 mog/kg/min 
{see table). On rare. occasions, infusion rates 
up to.40 meg/kg/min have been required'to 
obtain the desired effect. 


Rates of Infusion for Concentrations of 
250,500, and 1000 mog/m! 





Drug Delivery infusion Delivery Rate 
Rate 250 meg/mi* 500 meg/mlt 1000 meg/mit 
(meg/kg/min} (ml/kg/min) (ml/kg/min) (mag /miny 
2.5 0.0} 0.005 0.0025 
5 0.02 0.91 6.005 
75 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0126 
15 0.06 0.03 0.015 


*250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
+1000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted aocord- 
ing to the patient's response, as determined 
by heart rate, presence of ectopic activity 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
puimonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/m! have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirernents of the 
patient. idata7al 


Additional information avalabie to 
Z the profession.on reguesi. 
Lilly Eli Lilly and Company 
indianapolis, indiana 46206 
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CAPSULES 


(ISOSORBIDE DINITRATE) SUSTAINED-ACTION CAPSULES, 40 mg 


* gradual release provides up to ten hours of sustained prophylaxis against angina 


pectoris attacks 


* bid dosage is frequently satisfactory to prevent angina attacks...dosage range 1 capsule 


bid to qid 


(room temperature, c 73 F) 


*Indications: Based on a review of this drug by the National Academy of 
Sciences — National Research Council and/or other information, FDA has 
classified the indications as follows: 

“Possibly” effective: When taken by the oral route, Isordil is indicated for 
the relief of angina pectoris (pain of coronary artery disease). It is not in- 


tended to abort the acute anginal episode, but is widely regarded as 
useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 


Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 
Precautions: Tolerance to this drug and cross-tolerance to other nitrites and 
nitrates may occur. . 
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' stable...retains potency without significant loss or variation under normal conditions 


Adverse Reactions: Cutaneous vasodilation with flushing. Headache is com- 
mon and may be severe and persistent. Transient episodes of dizziness and 
weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiratior and collapse) can occur even 
with the usual therapeutic dose. Alcohol mey enhance this effect. Drug rash 
and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 
May we send you reprints. detailed information and/or professional samples? 


IVES LABORATORIES INC. Gee) 


New York, New York 10017 
DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINE® 
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“We thought selectin 
the best central station would be difficult, 


ut this system is clear! 
in a class by itself” 





~ Hewlett-Packard’ new 500 Series 
Patient Information Center 
Is a Substantial advance 
In patient monitoring. 


All quotations in this brochure are a summation 
of comments made by medical, engineering, 
and administrative professionals during exten- 
sive clinical tests, trials and seminars on the 
500 Series. 








While the 500 Series incorpo- 
rates virtually every monitoring 
function required of a modern 
microprocessor based central 
station, it also provides impor- 
tant innovations in four specific 
areas: 


O It has noticeably reduced false 
HR alarms. 

O It has simplified system 
operation to 10 function keys. 

C It has improved the detail, 
display, recall and accuracy of 
monitoring information. 

C It has increased system relia- 
bility through a comprehensive 
four-level system of self-test 
and self-diagnosis. 





In addition, the 500 Series is so 
compact that it requires less 
than half the working space 
needed by most other central 
stations. It is modular in design 
so that it can be economically 
expanded and upgraded. And its 
inherent flexibility provides a 
broad range of price and per- 
formance features as well as 
functional capabilities. In short, 
the 500 Series is a total Patient 
Information Center which can 
serve your unit or institution for 
years to come. 








Yow when | near 
that alarm | know 
L9 
its serious. 

In an actual hospital test, the 
500 Series showed more than an 
85% reduction in false HR 
alarms. By using sophisticated 
computer techniques to identify 
“R” waves, the 500 Series sel- 
dom miscounts the muscle arti- 


fact and extraneous noise that 
account for most false alarms. 


“10 major 
function keys 
make it far easier 
to use? 


While most central station sys- 
tems carry as many as 50 or 60 
major function keys, the 500 
Series requires only 10, since 
each “softkey” is a multiple 
function key. This means a more 
compact control panel withJess 

| clutter and less contin 

| the operation of the 500 es 
is simplicity itself—it actually 
guides the staff through the use 
of English-like cues. 


e ° 
For the first time, 
I've gota sharp, 
e 
brig tQRS 
— right next to my 
s b) - >] 
patient's vital signs. 
Using such techniques asa. high 
HEWLETT + PACKARD resolution 1200 line raste} scan 
and a 10-bit sample, the new 
“superaster” display in the 500 
Series delivers bright QRS 
detail on ECG waves. In addi- 
tion, words and numbers can 


both be displayed anywhere on 
the screen. 


CA 78510A DISPLAY 
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. Reliable 


The 500 Series is designed and 
built to provide the highest level 
of on-line consistency. Advanced 
circuit design, thoroughly 
tested parts and components, 
and a rigorous 14-step environ- 


mental and quality control testing 7 


procedure give the 500 Series 
an inherent reliability. 


Dependable 


Should a malfunction in the 500 
Series occur, four distinct levels 
of self-test and self-diagnosis 
are available to quickly and eas- 
ily detect and correct it. 

Level 1 is an automatic con- 
tinuous fault monitor, invisible 
to the operator unless a malfunc- 
tion occurs. 

Level 2 is a self-test that gen- 
erates an internal system check 
as well as a list of diagnostic 
codes to aid in the correction. It 
provides a recorder strip, con- 
veniently annotated with error 
codes so the operator has a hard 
copy of virtually any fault. 


Level 3 is an extended self- 
test that does everything in 
Level 2 with the addition of a 
display check. 

Level 4 fault detection 
employs a circuit analyzer board 
which takes command of the 
microprocessors and data buses 
facilitating component level 
trouble shooting using digital 
signature analysis 





Self-test with the 500 Series 
Patient Information Center 

is not an idle claim. It was 
designed and built-in at the 
inception, and it is a major 
advancement in system service- 
ability, convenience and cost 
effectiveness. 





Adaptable 


The modularity of the 500 Series 
Patient Information Center 
permits a variety of system con- 
figurations as well as options 
and functions. This “building 
block” approach to patient moni- 
toring allows you to custom 
configure a system to best meet 
your individual needs. 


A Choice of Systems. The 500 
Series Patient Information Cen- 
ter is available in a Basic and a 
Comprehensive system. The 
78501 Basic system is primarily 
intended for progressive care 
and telemetry units and provides 
8 ECG traces on a single scope. 
The 78502 Comprehensive 
system is primarily 
intended for 
intensive care 


and surgical units. It provides 

4 six-second ECG traces. It also 
provides display of all monitored 
vital signs, other monitored 
waveforms, or freeze of ECG 
data. Optionally, 48 trend lines 
and eight channels of pressure 
processing may be added to 
each four-bed unit. 

The 78520 is an arrhythmia 
monitoring system with a sepa- 
rate computer and arrhythmia 
data display. It can be added to 
either the Basic or Comprehen- 
sive system. The 78525 adds 
storage, recall and edit plus data 
management functions to either 
system. 


Recorder Capabilities. 
Hewlett-Packard recorders may 
be dedicated to four patients or 
shared by as 
many as 32. In 
either case, 
simultaneous 
alarms from sev- 
eral patients 








will automatically be captured, 
and stacked in an electronic 
memory. Annotation of bed ID, 
time, date, alarm cause and heart 
rate from the time of alarm 
accompany the waveform on the 
strips. 


Bedside Options. Available 
HP bedsides include “teleme- 
try,” “ECG only,” “ECG and 
pressure,” or “multi-parameter.” 
Each system accommodates any 
combination of bedsides. 


Custom Options. Both sys- 
tems also offer custom configu- 
ration. Such parameters as 
recorder run and delay times, 
and bed identification may be 
defined for each installation. 


Mounting Options. Displays 
may stand alone or be stacked, 
or be mounted on racks, swivels, 
tabletops, walls, or ceilings. 


- The Hewlett-Packard approach 


to critical care. 


The 500 Series Patient Informa- 
tion Center is a tangible end 
product of the Hewlett-Packard 
approach to patient monitoring. 
An approach that is committed 
to the innovative use of new 
technology and the on-going 
design, development, manufac- 
ture and support of reliable, de- 
pendable critical care products. 
Careful attention to compati- 
bility between the 500 Series 
and older as well as new bedside 
products is another example of 
the HP approach. Compatibility 
adds longer life and utility to an 
institution’s investment. 


In addition, Hewlett-Packard 
returns more than 8% of every 
medical sales dollar to research 
and development. Hewlett- 
Packard’s engineers also main- 
tain perhaps the industry’s 
toughest quality control stand- 
ards—standards that include 14 
separate environmental tests. 
As part of its support services, 
Hewlett-Packard is committed 
to timely installation, user and 
bioengineer training, as well as 
preventative maintenance and 
repair. 

In every aspect of patient 
monitoring, Hewlett-Packard is 
dedicated to responsible techno- 
logical advances and clinically 
tested procedures. You can 
depend on it. 


Learn more about the innovative, new 500 Series 
Patient Information Center. 


For all the facts on the Eastern (201) 265-5000; Or write: 
500 Series contact your nearest Midwestern (312) 255-9800; Hewlett-Packard, 
Hewlett-Packard Medical Southern (404) 955-1500; 175 Wyman Street, Waltham, 
Sales Office. Western (213) 970-7500; Massachusetts 02254. 
Canadian (416) 678-9430. In Europe: P.O. Box, 
Ask the operator for CH-1217 Meyrin 2, Geneva, 


medical sales. Switzerland. 
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- Sustained Beneficial Effects of Oral Amrinone on 
_ Cardiac and Renal Function in Patients With 
_ Severe Congestive Heart Failure 


Although effectiveness of oral amrinone has been demonstrated in ani- 
mals, amrinone has been shown in human subjects to improve cardiac 
performance in the failing heart only after acute intravenous adminis- 
tration. Therefore, we studied the hemodynamic and renal effects of orally 
administered amrinone (50 to 300 mg) in 10 patients with advanced 
congestive heart failure. Cardiac index increased from 1.56 + 0.41 (mean 
+ standard deviation) to 2.20 + 0.43 liters/min per m? (p <0.001); pul- 
monary wedge pressure decreased from 26.1 + 5.7 to 17.0 + 5.7 mmHg 
(p <0.001). Mean arterial pressure decreased from 86.0 + 8.4 to 81.3 
+ 7.7 mm Hg (p <0.001) and systemic vascular resistance from 2,406 
+ 603 to 1,693 + 261 dynes sec cm—5 (p <0.001). Heart rate was un- 
changed. The onset of action ranged from 30 to 120 minutes and the du- 
ration of action from 4 to 7 hours after a single oral administration: After 
24 hours of continuous therapy, no tachyphylaxis to amrinone was ob- 
served. A correlation (r = 0.62, p <0.001) was found between the oral 
dose of amrinone and the percent increase in cardiac index. Left ven- 
tricular ejection fraction, determined in five patients, increased from 14 
+ 8 to 21 + 8 percent (p <0.01). Effective renal plasma flow, measured 
in six patients, increased from 186.0 + 72.0 to 231.1 + 88.8 ml/min (p 
<0.05) and the glomerular filtration rate from 82.2 + 14.9 to 110.0 + 20.6 
mi/min (p <0.05). Thus, this study demonstrates the cardiotonic efficacy 
of orally administered amrinone in human subjects and recommends its 
further investigation as a therapeutic agent for the continued treatment 
of congestive heart failure. oe 


Amrinone, a newly synthesized bipyridine derivative, has been shown. 
to exert positive inotropic activity i in animals.! In patients with severe 
congestive heart failure, amrinone increases cardiac output and reduces 
left ventricular filling pressure when given acutely as an intravenous 
bolus injection. 23 This improvement in cardiac function occurs without. 
changes in heart rate and arterial pressure and without development of 
arrhythmias.?:3 
Amrinone is unique in that its positive inotropic action is not exerted 
through the cell mechanisms normally attributed to either catechol- 
amines or digitalis glycosides.* Catecholamines have limited long-term 
usefulness because they must be administered intravenously: Moreover, 
catecholamines can induce tachycardia and ventricular arrhythmias as 
well as undesirable changes in arterial pressure. Digitalis glycosides are 
commonly administered to attain long-term enhancement of myocardial 
contractility and are currently the only useful oral inotropic agents. 
However, their beneficial hemodynamic effects, aside from those re- 
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- sulting from control of heart rate and rhythm, appear 

- to be modest,® and inereased dosages are limited by 
untoward side effects.” Because of the effectiveness of 

-oral amrinone in animals,! combined with the initial 

-encouraging effects of intravenous amrinone in human 
subjects, the study of eral amrinone in patients with 
congestive heart failure is recommended. 


Methods 


Patients: Ten patients with chronic congestive heart failure 
formed the study group; six were men and four women (Table 
I): Six patients had ischemic cardiomyopathy and heart failure 
resulting from coronary artery disease, which was evidenced 
by myocardial infarction in two and documented by coronary 
angiography in four. All the angiographic studies showed se- 
vere and diffuse triple vessel coronary disease. Three patients 
had cardiomyopathy of unknown origin. Congestive heart 
failure developed in one subject after aortic and mitral valve 
replacement. Two patients had atrial fibrillation and the re- 
maining eight had sinus rhythm. No patient had arterial hy- 
“pertension, recent myocardial infarction or primary valve 
.. disease. The duration of heart failure ranged from 1 to 4 years. 
-All patients except one were severely restricted in activity and 
were clinically in class IV, according to the criteria of the New 
York Heart Association.’ Eight patients had previously been 
treated with oral vasodilators, seven with hydralazine, and one 
_ swith prazosin, Such therapy was deemed inadequate because 
the patients manifested no improvement in condition and 
remained in severe heart failure. 
Patients were admitted or in the hospital 5 days before 
-= hemodynamic evaluation. All vasodilators were discontinued 
at that time and a strict dietary regimen including 2 g of so- 
_ dium a day was prescribed. Subjects continued to receive their 
usual daily doses of digitalis glycosides and diuretic drugs 
- throughout the study period. Serum digoxin levels are noted 
in Table I. 
The nature, potential benefits and possible risks of the 
study were fully explained to all patients, who then gave in- 
-formed consent. The investigation protocol was approved in 
advance by the Committee on Clinical Investigations of the 
' Albert Einstein College of Medicine. 
<> -Hemedynamies: After 24 hours of bed rest, the patients 
“underwent right heart catheterization performed using a 
flow-directed ballocon-tipped thermodilution catheter (Gould 
< Laboratories). Mean pulmonary arterial, pulmonary wedge, 


TABLE | 
Clinical information and Amrinone Dose for 10 Patients 








oe Age (yr) Etiology 
oo Case & of NYHA 
- no. Sex CHF Class 
1 68,M CAS iv 
2 62,F CM IV 
3 54,F CM IV 
4 55,M CAD IV 
5 72,F CAB IV 
6 56,F CM i 
7 78M CAB IV 
8 53,M Post MVR, AVR IV 
g 87,M CAD Iv 
10 45,M CAD IV 





and right atrial pressures were recorded on a photographic 
recorder (Electronics for Medicine). Cardiac output was de- 
termined with a thermecdilution technique using iced 5 percent 
dextrose in water, and obtained in triplicate with less than 10 
percent variation. Computations of cardiac output were made 
with a bedside computer (model S.P. 1450, Gould Laborato- 
ries) and were confirmed periodically with appropriate inte- 
gration of recorded curves. Systemic arterial pressure was 
measured by two observers using standard cuff techniques. 
Mean arterial pressure was taken as diastolic pressure plus 
one third of the pulse pressure. Derived hemodynamic indexes 
were calculated as follows: Cardiac index = cardiac output/ 
body surface area (liters/min per mł); Stroke volume index 
= 1,000 cardiac index/heart rate (ml/m*); Systemic vascular 
resistance = 80 (mean arterial pressure — mean right atrial 
pressure)/cardiac output (dyne sec cm™®); Pulmonary vascular 
resistance = 80 (mean pulmonary pressure — pulmonary 
wedge pressure)/cardiac output (dyne sec cm~5). 

An electrocardiographic lead was monitored continuously 
throughout the study. 

Renal function determinations: Effective renal plasma 
flow was determined with iodine-131 orthoiodo-hippurate (50 
aCi) and glomerular filtration rate was measured with io- 
dine-125 iothalamate (30 Ci) as previously described by 
Silkans et al.? After the simultaneous intravenous injection 
of the radioactive material, the disappearance of radioactivity 
in the plasma was sampled at 5 to 10 minute intervals over a 
period of 75 minutes. Curves were analyzed by visual enalysis 
into two components and clearance calculated from the 
equation: clearance = (dose X slope of fast component x slope 
of slow component)/(the intercept of fast component X slope 
of the slow component) + (the intercept of slow component 
x the slope of the fast component). 

Radionuclide imaging and ejection fraction: Left ven- 
tricular ejection fraction was determined by a gated technique 
that used modifications of the method described by Bacharach 
et al.!° The patient’s red blood cells were labeled in vivo with 
15 mCi of technetium-99m pertechnetate!! 15 minutes before 
study. Twenty-eight frame multigated studies were obtained 
in an acquisition time of 2 minutes. End-diastolic and end- 
systolic regions of interest were determined through modifi- 
cation of an automatic edge detection method.!? After cor- 
rection for background, left ventricular ejection fractien was 
calculated according to the formula: (ED — ES)/ED; where 
ED = end-diastolic counts and ES = end-systolic counts, 
corrected for background. 








Dose of Serum 
Ejection Furose- Digoxin Dose: of 
Fraction mide Level Amrinone 
(%) (mg) {ng*m) Rhythm (mg) 
9 120 14 SR 226 
— 80 13 SR 128 
12 120 2.0 SR 225 
27 240 1.2 SR 5C 
15 80 2.2 SR 128 
28 80 03 SR 250 
21 80 14 AF 125 
15 80 13 AF 306 
18 160 17 SR 106 
13 120 13 SR 225 





AF = atrial fibrillation; CAD = coronary artery disease; CM = cardiomyopathy; NYHA Class = New York Heart Association functional class®; 
Post MVR, AVR = status after mitral and aortic valve replacement; SR = sinus rhythm. 


+ 
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Amrinone administration: Patients were evaluated in the 
postabsorptive state. Hemodynamic responses to increasing 
intravenous doses of amrinone were first evaluated to establish 
-dose and effectiveness. A washout period of 24 hours was al- 
“< Jowed: Then two sets of baseline hemodynamic measurements 


-were made at 1/2 hour intervals at least 6 hours after the daily 


~ doses of digitalis and diuretic drugs. Amrinone was adminis- 
-tered orally as a single dose in an amount that, when given 

intravenously, produced a rise in cardiac index of at least 40 
_ percent or reduced pulmonary wedge pressure to within the 
normal range (12 mm Hg or less). Hemodynamic measure- 
ments were performed 30 minutes later and then hourly until 
values returned to baseline levels. On subsequent days, this 


© procedure was repeated while the daily oral dose of amrinone 


was increased by increments of 50 to 100 mg as long as the 
pulmonary wedge pressure remained elevated. To determine 
-whether sustained hemodynamic benefit could be obtained, 
oral amrinene was administered in a constant dose at 8 hour 
intervals for 24 hours in five patients. 

Statistical methods: Maximal hemodynamic changes, 


-renal function determinations and ejection fraction data were 


tested for significance using the Student’s paired ¢ test. Sta- 
-tistical significance for duration of action and effects of con- 
< secutive administration of amrinone are based on the results 
of analysis of variance techniques. Two-way analysis of vari- 


ance was employed to test for differences between values in 


-gontrol and amrinone therapy and for carryover effects. If 
statistical significance was obtained, further individual 
comparison testing was done using Dunnett's test. Results are 
- -expressed as the mean (x) + standard deviation (SD) and are 
~ considered significant at the p <0.05 level. 


Results 


Hemodynamics: The cardiac index in the control 
state was less than 2.5 liters/min per m? whereas pul- 
monary wedge pressure exceeded 15 mm Hg in all pa- 
tients. The maximal hemodynamic effects of an oral 
dose-of amrinone (Table I) are depicted in Figure 1 and 
listed in Table II for all 10 patients. Mean cardiac index 
increased from 1.56 + 0.41 to 2.20 + 0.43 liters/min per 
m? {p <0.001). There were decreased values for mean 

: pulmonary wedge pressure (from 26.1 + 5.6 to 17.0 + 5.7 


_ TABLE Il 





Maximal Hemodynamic Effects of Oral Amrinone 
Cl EE 
HR = ‘MAP {liters/min PWP 
Case (beats/min) — _ (mm Hg) | per m?) imm Hg) 





no. C A Cc A Cc A Cc A 





1 94 93 75 73 1.44 2.27 27 7 

2 122 120. 86 80 147 2.26 29 14 

3 90 95 76 72 120 190 30 17 

4 76 80 93 92 233 273 15 10 

5 87 87 83 78 145 189 27 21 

6 78 78 93 88 179 296 19 12 

7 123 122 >83 82 1.45 208 24 14 

8 110 108 83 73 08i 1.42 31 27 

8 72 76 8 82 194 233 25 10 

eos 1 90 82 103 93 159 2.25 34 18 
Mean 94.2 940 86.0 813 156 2.20 26.1 17.0 
sD 18.3 172- 84 7.7 041 0.43 57 5.7 

NS <0.001 <0.001 <0.001 








PH 


= amrinone; C = control; Cl = 
artery pressure; PVR.= pulmonary vascular resistance; 
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FIGURE 1. Maximal effects in-all 10 patients of oral amrinone (A) on 
heart rate; mean arterial pressure, cardiac index, pulmonary wedge 
pressure, stroke volume index and systemic vascular resistance 
compared with values in control period (C). M = meter; NS = difference: 
not significant; p = probability. 
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mm Hg; p <0.001), mean right atrial pressure (from 10.4 
+ 5.7 to 4,5 + 3.5 mm Hg; p <0.01), mean arterial pres- 
sure (from 86.0 + 8.4 to 81.3 + 7.7 mm Hg; p <0.001) 
and mean systemic vascular resistance (from 2,406 + 
603 to 1,693 + 261 dynes sec cm~*; p <0.001). Heart rate 
was not changed significantly. Patients responded 











of: SVR PVR 
PAP RAP SVI (dynes sec (dynes sec 
{mm Hg) (mm Hg) (mifm?) em~?) em) 
A A Cc A C A 6 A 
37 31 9 4 16.5 244 1789 1281 271 260 
45 38 41 4 120 186 2985 1961 637 3t- 
41 33 19 4 134 20.0 2338 1766 451 416 
46 40 3 1 30.7 34.1 1714 1479 590 487 
44 37 12 3 16.7 218 2558 2093 615 444. 
47 42 10 7 229 380 2258 1429 761. 492... 
40 35 20 11 1148 17.1 2250 1769 671 523 
34 32 11 9 7.3 13.2 3692 1875 154 447 
40 14 4 0 27.0 31.0 1851 1484 343 199 
52 26 5 2 17.6 31.2 2630 1793 403-158 
42.6 32.8 104 45 17.6 249 2406 1693 479 349 
52 84 57 35 7.3 8.2 603 261 187. 146 
<0.001 <0.001 <0.001 <0.007 <0. 007 / 





cardiac index; HR = heart rate; MAP = mean arterial pressure; NS = not signifi icant; p= probability; BAP = 
PWP = mean: pulmonary wedge pressure; RAP = mean right atrial pressure; 


: SD = standard deviation; SVI= stroke volume index; SVR = systemic vascular resistance. 
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_ FIGURE 2. Time course of hemodynamic effects of oral amrinone in 
-eight patients. Cy = first control period; C2 = second control period; 
«horizontal bars represent standard deviation; asterisks indicate p values 
`< S0.05 compared with value for C,. 


similarly whether they had atrial fibrillation or sinus 
rhythm. 

The time course of hemodynamic response to amri- 
-none administration was studied in eight patients (Fig. 
2). The maximal hemodynamic effects of amrinone 
occurred 1 to4 hours after the oral administration of the 
- drug. Variability was also observed in the onset of ac- 
_ tion, which ranged from 30 to 120 minutes. Although the 
_ hemodynamic effects of amrinone were still present 6 
- hours after the oral administration, only the reduction 
- Insystemic vascular resistance was still significant. The 
- increments in cardiac index and stroke volume index 
were statistically significant up to 4 hours after amri- 
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r=0.62 (p<0,001) 
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<; FIGURE 4. Maximal increase in cardiac index (%) as a function of oral 


--amrinone dose. Fifteen doses were given in eight patients. r = corre- 
~ lation coefticient. 
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FIGURE 3. Hemodynamic effects of three consecutive dosss-of oral 
amrinone at 8 hour intervals in five patients. Asterisks indicate p <0:01 
compared with control value for each administration. 


none administration, whereas the decrease in pulmo- 
nary wedge pressure was significant only at 2 and 3 
hours. The decrease in mean arterial pressure. was 
modest and did not reach statistical significance. 

The maximal changes in cardiac index and pulmo- 
nary wedge pressure are depicted in Figure 3 for three 
consecutive doses of oral amrinone given at 8 hour in- 
tervals in five patients. After each dose, cardiac index 
was significantly increased (p <0.01) and pulmonary 
wedge pressure significantly decreased (p:<0.01) com- 
pared with the baseline values for each administration. 
Furthermore, 8 hours after the second dose of amrinone, 
the cardiac index was significantly increased (p <0.01) 
when compared with the initial value before to amri- 
none administration. This finding is consistent. with a 
cumulative effect of the drug. No tachyphylaxis to 
amrinone was observed at any time. 

In two patients (Cases 4 and 9) the dose of amrinone 
was not increased because the pulmonary wedge pres- 
sure decreased to the normal range (below 12 mm Hg). 
The maximal increases in cardiac index at each dese of 
amrinone for the remaining eight patients are illustrated 
in Figure 4. There was a correlation between the dose 
of amrinone and the relative change in cardiac incex (r 
= 0.62, p <0.001). Because the pulmonary wedge pres- 
sure did not fall below 12 mm Hg in most patients, it is 
likely that further increases in cardiac index could have 
been obtained with larger doses of amrinone. Indeed, 
in no patient was the dose increased to tolerance, and 
a leveling of the dose-response curve was not estab- 
lished. The administration of further doses was limited 
by the number of days that a Swan-Ganz catheter could 
be tolerated by a given patient. Thus, the limits of drug 
tolerance necessary to obtain a maximal effect cr to 
induce toxicity, if any, were not necessarily reached. 

Ejection fraction: Left ventricular ejection fraction 
determined by radionuclide imaging prior to amrinone 
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administration and at aali increase in cardiac index 
was determined in five patients while they were hemo- 
dynamically monitored. The simultaneous changes in 
ejection fraction and cardiac index are shown in Figure 
5. Ejection fraction increased from a control value of 14 
` +8 to 21 + 8 percent (p <0.01) and the cardiac index 
< from 1.60 + 0.36 to 2.14 + 0.24 liters/min per m? (p 

_ <0:01). In each patient, the absolute increase in ejection 

fraction was equal to or greater than 5 percent, with an 

_ overall increase averaging 7 percent. The time required 
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FIGURE 6. Effect of oral amrinone to increase effective renal plasma 
flow (six patients) and glomerular filtration rate (four patients) together. 
with cardiac output. C = control_ period: A = amrinone: bars represent 
mean value + standard deviation. 


to reach the maximal increase in cardiac index was 
variable, as previously mentioned. 

Renal function: Changes in-effective renal plasma 
flow and glomerular filtration rate were evaluated in six 
and four patients, respectively (Fig. 6, Table HI). The 
renal function studies were initiated shortly after the 
maximal increase in cardiac index was noted. The car- 
diac index recorded for each patient was obtained in the 
middle of the determinations. Both effective renal blood 
flow and glomerular filtration fraction increased sig- 
nificantly (p <0.05). The improvement in renal blood 
flow and glomerular filtration rate was associated with 
a concomitant rise in cardiac index. The filtration 
fraction did not change significantly (0.43 to 0.48) 
during amrinone administration. 

Side effects: No overt clinical manifestations of 
toxicity were observed during administration of amri- 
none. One patient (Case 8) experienced a transient in- 
crease in frequency of ventricular premature complexes 
(15/Amin) at peak hemodynamic effect compared with- 
the value during prior amrinone administration (less 
than 5/min). In the remaining nine patients, no elec- 
trocardiographic changes were noted in serial tracings: 
or rhythm strips performed before, during or after 
amrinone therapy. (See Addendum for further data.) 























TABLE lll 
Simultaneous Hemodynamic and Renal Data 
Dose of Control Period Amrinone Administration 
Case Amrinone co ERPF GFR co ERPF GFR 
no. (mq) (liters/min) @mi/min) (ml/min) FF (liters/min) (mi/min) (mi/min) FF 
2 125 2.01 101 — — 3.10 1.95 — — 
3 175 1.66 175 — — 2.51 219 — — 
4 50 4.20 204 68 0.33 4.64 203 94 0.46 
5 100 1.87 108 71 0.66 2.29 104 95 0.72 — 
§ 250 2.94 268 92 0.34 3.78 345 138 0.40. 
£40 225 2.98 260 98 0.38 3.58 321 113 0.35 
= Mean 2.61 186 82.2 0.43 3.32 231.1 110 0.48 
“ESD 0.96 72 14.9 0.15 0.87 88.8 20.6 0.18 
: p <0.05 <0.05 <0.05 NS 





: CO = cardiac output; ERPF = effective renal plasma flow; FF = filtration fraction; GFR = glomerular filtration rate; NS = not significant: p= 


Probability; SD = standard deviation. 
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Discussion 

This study establishes the efficacy of orally admin- 
istered amrinone in improving cardiac performance in 
< patients with severe heart failure. This improvement 
was observed in all patients studied even though they 
were all severely ill and poorly responsive to conven- 
tional therapy, including digitalis glycosides, diuretic 

drugs and vasodilators. 

The cardiotonic action of amrinone was characterized 
by an increase in cardiac output with substantial de- 
creases in both right and left ventricular filling pressures 
and in peripheral vascular resistance. These beneficial 

“hemodynamic effects were achieved with no evident 
untoward side effects. Heart rate was not altered and 
the reduction in mean arterial pressure was modest. 

Mechanisms of beneficial hemodynamic effects: 
The improvement in ventricular performance induced 

“by amrinone in patients with heart failure appears to 
-result from a direct stimulation of the depressed myo- 
cardium as well as a decrease in peripheral vascular 
resistance. Some of this latter effect may reflect with- 
drawal of enhanced sympathetic constrictor tone con- 
“seguent to the improvement in cardiac performance, as 
: noted previously in response to digitalis therapy in 
_ patients with severe heart failure.!° A direct vasodilator 
effect of amrinone on the systemic resistance vessels has 
also been demonstrated in the isolated perfused hind 
limb of the dog (A. Alousi,- personal communication). 
-This direct vasodilatory effect may help to explain the 
decrease in arterial blood pressure noted in normal 
human subjects consequent to administration of rela- 
tively large doses of amrinene.!4 Modest reductions in 
blood pressure were also found in the present study. A 
simultaneous increase in myocardial contractility is 
«supported by studies of isolated cardiac muscle prepa- 
“rations,!4 by strain gauge measurements made on the 
surface of the dog ventricle,!4 and by increments in rate 
of left ventricular pressure development noted in 
human subjects.” 
“Duration of effects of oral amrinone: In most pa- 
«tents, the duration of action of a single oral dose of 
-amrinone ranged from 4 to 7 hours. Moreover, in pa- 
tients who received consecutive doses of amrinone at 8 
hour intervals, persistent increases in cardiac output 
“remained 8 hours after the second dose. No evidence of 
` tachyphylaxis was noted over a 24 hour period. There- 
fore, for long-term therapy with amrinone, adminis- 
© tration.of the oral drug every 8 to 12 hours may be suf- 
ficient to obtain a persistent improvement in cardiac 
performance. These initial studies to demonstrate he- 
modynamic improvement by oral amrinone in the 
presence of severe ventricular failure with no side effects 
or tachyphylaxis suggested its usefulness for long-term 
therapy. 
>- Mechanisms of improved renal function: Renal 
plasma flow before therapy was reduced in our patients. 
This occurrence has been well demonstrated in patients 
with advanced heart failure. Glomerular filtration rate 
was decreased to a lesser degree, and the renal filtration 
fraction was increased. The increase in filtration frac- 
tion in heart failure has been attributed to intense 


vasoconstriction of efferent arterioles to the glomeruli, 
which tends to maintain glomerular filtration pres- 
sure. 1 Mediation of this constriction has been attrib- 
uted to increased activity of both the sympathetic ner- 
vous system and the renin-angiotensin system.'* After 
amrinone administration, the improvement in cardiac 
output was associated with an increase of both renal 
plasma flow and glomerular filtration rate. Hewever, 
filtration fraction was unchanged. The persistence of 
an elevated filtration fraction in our patients, despite 
the salutary circulatory response to amrinone, suggests 
that enhanced sympathetic tone and increased circu- 
lating angiotension II were still present and may have 
prevented renal function from returning to a completely 
normal pattern. Whether further improvement in renal 
function will occur over a longer therapeutic period 
remains to be studied. 

Ejection fraction by radionuclide imaging: Oral 
amrinone induced an absolute increase in left ventric- 
ular ejection fraction that varied from 5 to 9 percent, as 
obtained with radionuclide imaging using with use of 
a gated technique. The variability of ejection fraction 
determined by multiple gated blood pool imaging has 
recently been estimated to be less than + an absolute 
2.5 percent in patients with an abnormal heart.!® Thus, 
increases in noninvasively determined ejection fraction 
observed in our patients after amrinone are probably 
significant and are in agreement with the improvement 
in ventricular function simultaneously demonstrated 
by invasively measured hemodynamic values. Radio- 
nuclide imaging appears to provide an objective and 
sensitive means of evaluating long-term therapy. 
Echocardiography has the disadvantage of reflecting 
a limited segmental wall motion rather than ventricular 
volume changes. 

Amrinone in ischemic heart disease: In this study, 
patients with heart failure due to either congestive 
cardiomyopathy of unknown origin or end-stage isch- 
emic heart disease responded equally well to adminis- 
tration of amrinone. In the latter case, no evidence of 
increased ischemia was observed and hemodynamic 
improvement was sustained with no chest pain or 
electrocardiographic changes. Indeed, one may antici- 
pate that even in the presence of obstructive coronary 
artery disease, treatment of ventricular failure may be 
beneficial by reducing oxygen requirements of the 
ventricle consequent to a reduction in ventricular vol- 
ume anc, hence, wall tension. This latter effect might 
outweigh any effect of increased contractility to aug- 
ment oxygen consumption.!7 Moreover, a decrease in 
diastolic pressure in the ventricle may allow better 
perfusion of ischemie portions of the ventricular 
wall. +8 

Mode of action and role of combined digitalis 
therapy: The mode of action of amrinone has yet te be 
defined. The drug does not effect the biochemical 
mechanisms associated with the action of either cate- 
cholamines or digitalis glycosides. Thus, catecholamine 
stores in the heart are not required for amrinone’s ac- 
tion? and the drug is effective despite adrenergic 
blockade.!+ The effect of amrinone to increase con- 
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-= tractility is additive to that of digitalis glycosides. In- 
_ deed, all of our patients were already taking digitalis and 
‘no untoward effects resulted from combined therapy. 
. Tn the presence of atrial fibrillation, ventricular rate 
ean, and may need to be, controlled with digitalis gly- 
-- cosides. Amrinone does not affect this action of digitalis 
-< nor does it appear to alter atrioventricular conduction 
-as judged from an unchanged P-R interval in the elec- 
-trocardiogram. We have not yet administered amrinone 
to patients with atrial fibrillation who were not taking 


digitalis. In patients with atrial fibrillation who were 


receiving digitalis glycosides, amrinone did not change 

“ventricular rate. Thus, glycosides may be required for 

control of ventricular rate, and ventricular contractility 

can then be further augmented with amrinone. 

_ .dIn-summary, amrinone is a newly synthesized car- 
-diotonic agent that, when orally administered, is highly 

effective in augmenting ventricular performance of the 
failing human heart. The beneficial effects, which oc- 
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curred with only a slight reduction in blood pressure, 
were not accompanied by significant changes in heart 
rate or other side effects. Tachyphylaxis did not occur. 
The action of amrinone is mediated by an unknown 
mechanism that differs from that attributed to either 
catecholamines or digitalis glycosides. 


Addendum 


Since this report was submitted for publication, 
thrombocytopenia developed in two of the patients 
described. Beneficial oral therapy had been proceeding 
for 4 and 8 weeks and the blood platelet count decreased 
to 40,000 and 19,000 per mm”, respectively, witha dose. 
level of amrinone of 450 mg/day. Other elements of the 
peripheral blood were not altered and bone marrow 
studies showed no evidence of precursor suppression. 
Amrinone therapy was discontinued and the platelet 
counts returned to normal levels in both cases. _ a 
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Ajmaline given intravenously produced complete anterograde Block in 
the accessory pathway of 32 of 59 patients with the Wolff-Parkinson-White 
syndrome. An electrophysiologic investigation performed 1 day later re- 
vealed that failure of ajmaline to produce complete anterograde block 
in the accessory pathway corresponded to a short refractory period of 
this pathway (less than 270 ms). The use of ajmaline intravenously is 
advanced as a reliable and rapid procedure for identifying those patients 
with the Wolff-Parkinson-White syndrome who have a short refractory 
period of the accessory pathway and are possibly at risk of circulatory 
insufficiency or sudden death if atrial fibrillation supervenes. 


Atrial fibrillation can be a life-threatening arrhythmia in patients with 
the Wolff-Parkinson-White syndrome.!© An important factor, among 
several that determine the ventricular rate during atrial fibrillation, is 
the duration of the refractory period of the accessory atrioventricular 
(A-V) pathway in the A-V direction.”® Deterioration of atrial fibrillation 
into ventricular fibrillation has been reported in patients with a short 
refractory period of the accessory pathway in an anterograde direction.? - 
In patients with the Wolff-Parkinson- White syndrome it is important 
to know the duration of the refractory period of the accessory pathway 
in the anterograde direction in order to assess the risk of sudden death 
in that patient if atrial fibrillation supervenes. In this report we describe 
how ajmaline can be used to obtain this information. 


Methods 


Patients: Fifty-nine patients were studied: All had the electrocardiographie 
features of the Wolff-Parkinson-White syndrome. Their ages ranged from 7 to . 
61 years; 45 patients were male and 14 female. Thirty-nine patients hac elec- 
trocardiographic documentation of a regular supraventricular tachycardia, In 
10 patients the electrocardiogram revealed atrial fibrillation and in 6 patients 
both atrial fibrillation and regular supraventricular tachycardia. Four patients 
were asymptomatic. In all but one patient showing a regular tachycardia a eircus 
movement tachycardia with retrograde conduction over the accessory pathway 
could reproducibly be initiated during the stimulation study. The remaining 
patient manifested a circus movement tachycardia with anterograde conduction 
over the accessory pathway. The programmed electric stimulation study was 
used to locate the accessory pathway: The pathway was located between the right 
atrium and the right ventricle in 13 patients, between the left atrium and the 
left ventricle in 32 and in the septum in 14. 

Protocol: The following protocol was used in all patients. All medication was 
withheld for at least 4 days. 

1, Twenty-four heurs before a programmed electric stimulation study, and 
after a 12 lead electrocardiogram revealed sinus rhythm with the Wolff-Par- 
kinson-White abnormality, 50 mg of ajmaline was given intravenously over a 
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Ajmaline 50mg iv 
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“FIGURE 1. Creation of complete atrioventricular block 
in the accessory pathway by injecting 50 mg of ajmaline V1 
intravenously {IV} in a patient with a paraseptally located 
left-sided accessory pathway. Leads |, Il, H, V; and Va 
were recorded simultaneously. Note that block in the 
accessory pathway develops suddenly (disappearance 
Of delta wave and widening of QRS complex). 


< 8 minute period. During and after the injection, leads I, H, IH, 
_ Ny; Vg and Vg were simultaneously and continuously recorded. 
-= fno block in the accessory pathway occurred, recording of the 
- electrocardiogram was stopped 15 minutes after termination 
< of the ajmaline injection. 
2. Twenty-four hours later, after informed consent was 
obtained, a programmed electric stimulation study was per- 
„formed, using methods previously described.!° The duration 
of the effective refractory period of the accessory pathway in 
the A-V direction was determined with the single test stimulus 
method during atrial pacing. At least three different basic 
cycle lengths were used. The effective refractory period of the 
accessory pathway in the A-V direction was defined as the 
shortest atrial premature stimulus interval showing A-V 
conduction over the accessory pathway from the atrial stim- 
ulation site closest to the atrial end of the accessory 
pathway. 

In 18 patients 50 mg of ajmaline was again given during the 
programmed electric stimulation study and its effect on the 
` duration of the anterograde effective refractory period of the 
accessory pathway determined using similar atrial stimulation 
sites, basic pacing cycle lengths and test stimulus intervals. 
All data were statistically analyzed using the paired t test. 


Results 


Relation between effect of ajmaline and duration 

: of the effective refractory period of the accessory 
pathway (Fig. 1 and Table I): Ajmaline, in a dose of 

, 50 mg given intravenously over a 3 minute period, 


TABLE | 


Relation Between Length of Effective Refractory Period of 
the Accessory Pathway and the Creation of Complete 
Anterograde Block in the Accessory Pathway by Ajmaline 





Complete Anterograde Block in AP 








Present Absent 
Patients (n) 32 27 
ERP ap (ms) 
Range 230-520* 170-2907 
Mean 327 + 70 ms 233 + 28 ms 





* 270 msec in seven patients. 
1 >270 msec in one patient. 
AP = accessory pathway; ERP = effective refractory period. 
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caused complete anterograde block in the accessory 
pathway in 32 of the 59 patients studied. The block 
developed suddenly in 20 patients, and after a short 
episode of 2:1 block in the accessory pathway in 12 pa- 
tients. Its duration ranged from 12 to 35 minutes. In-the 
other 27 patients, especially in the presence of left-sided 
preexcitation, the contribution to ventricular excitation 
over the accessory pathway lessened, but preexcitation 
clearly persisted after administration of ajmaline (Fig. 
2). Determination of the duration of the effective re- 





FIGURE 2. Electrocardiogram before (left) and after (right) intravenous 
administration of 50 mg of ajmaline in a patient with a left laterally jo- 
cated accessory pathway. Conduction over the accessory pathway 
persists, although the contribution to ventricular excitation over the 
accessory pathway diminishes. This phenomenon was also observed 
in other patients independent of the location of the accessory pathway, 
suggesting slowing in conduction over the accessory pathway and the 
adjoining ventricular myocardium after administration of ajmaline. ms 
= milliseconds. 
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‘fractory period of the accessory pathway in the anter- 
< ograde direction 24 hours after ajmaline revealed a 
..duration of 230 to 520 ms (mean 327 + 70) among pa- 
-tients who had manifested complete anterograde block 
in the accessory pathway after ajmaline. In seven pa- 
-` tients the duration was equal to or less than 270 ms. In 
patients in whom anterograde block did not develop 
after ajmaline, the duration of the effective refractory 
< period of the accessory pathway in the anterograde di- 
rection ranged from 170 to 290 ms (mean 233 + 28). In 
only one patient was the duration greater than 270 ms 
(290 ms). The difference between the mean duration of 
= the effective refractory period of the accessory pathway 
¿<in the anterograde direction between patients with and 
without anterograde block in the accessory pathway 
after ajmaline was statistically highly significant (p 
<0.0001). 
Reproducibility of results: In 18 patients 50 mg of 
- ajmaline was again given intravenously over a 3 minute 
-period during the stimulation study performed 24 hours 
-After the ajmaline test. Complete anterograde block in 
the accessory pathway developed in 10 patients. These 
-patients had also shown the same phenomenon 24 hours 
. earlier. None of the eight patients in whom anterograde 
block did not develop after ajmaline was given during 
the stimulation study had shown anterograde block 
-after injection of ajmaline 24 hours earlier. In four of 
`: these eight patients A-V conduction over the accessory 
pathway was present before and after ajmaline ad- 
~ ministration up to the effective refractory period of the 
atrium. Ajmaline produced a 10 to 20 ms lengthening 
- of the effective refractory period of the atrium in these 
patients. In the remaining four patients the effective 
refractory period of the atrium was shorter than that of 
<= the accessory pathway; in these patients the effective 
refractory period of the atrium lengthened by 0, 10, 20 
and 20 ms, and the effective refractory period of the 
-accessory pathway by 20, 10, 30 and 40 ms, respectively. 
~The effect of ajmaline on anterograde conduction over 
-the accessory pathway was determined by the duration 
of the effective refractory period of the accessory 
-pathway in the anterograde direction and not by the 
location of this pathway (Table II). 
Side effects: Seven patients complained of a warm 
© feeling in their face during the ajmaline injection. A 
¿visible flush developed in four of them. Another patient 


TABLE Ht 


felt dizzy during and for 6 minutes after ajmaline ad- 
ministration. 


Discussion 


Ajmaline, a reserpine derivative, has been shown to 
prolong the effective refractory period of the accessory 
pathway in patients with the Wolff-Parkinson-White 
syndrome.!!-!? The effect is short-lived. In a previous 
study we found no residual effect of 50 mg of ajmaline 
on the accessory pathway 45 minutes after the drug was 
given intravenously.'* During this investigation com- 
plete anterograde block in the accessory pathway lasted 
maximally 35 minutes after termination of ajmaline 
administration. 

Clinical applications of the ajmaline test: Our data 
indicate that 50 mg of ajmaline given intravenously over 
a3 minute period is a very useful method for identifying 
patients with the Wolff-Parkinson-White syndrome in 
whom the accessory pathway has a short refractory 
period in the anterograde direction. If no anterograde 
block in the accessory pathway develops after aimaline 
administration, a short (less than 270 ms) duration of 
the effective refractory period of the accessory pathway 
in the anterograde direction is very likely. Gallagher et 
al.? recently observed that their patients with the 
Wolff-Parkinson-White syndrame and documented 
ventricular fibrillation had a refractory period of the 
accessory pathway of less than 250 ms, thus suggesting 
that the finding of a short refractory period of the ac- 
cessory pathway can be of help in identifying patients 
at risk of sudden death if atrial fibrillation super- 
venes. 

We found a relation between the effect of ajmaline 
and the initial duration of the anterograde refractory 
period of the accessory pathway. This relation was also 
noted by Chiale et al.,!3 and we have observed the same 
relation in several other drugs in patients with the 
Wolff-Parkinson-White syndrome. !4 

All of our patients received ajmaline intravenously 
in a dose of 50 mg irrespective of body weight. Because 
ajmaline can also be used in small children, a more 
practical dosage might be 1 mg/kg body weight up to a 
maximum of 70 mg. 

We encountered no problems when using the aima- 
line test in our patients. However, because complete 
anterograde block of the normal A-V pathway may be 


; Relation Between Location of Accessory Pathway, Range and Mean Value of Length of Effective Refractory Period of the 
: Accessory Pathway (ms) and Creation of Complete Anterograde Block in the Accessory Pathway by Ajmaline 























Accessory Pathway 
Right Left Septal 
Complete anterograde block in + _ + = + a 
the accessory pathway 
~ Patients (n) 7 6 18 14 7 7 
ERP ap (ms) 
Range 230-520 180-260 260-400 170-290 270-380 180-260 
Mean 341+ 72 229 + 27 312 + 68 237 + 31 399471 230 + 28 
Abbreviations same as Table |. 
+ = present; — = absent; ERPap = effective refractory period of the accessory pathway. 
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present in the patient with an accessory A-V connec- 
_tion!®-!6 the procedure should be performed under well 
- controlled hospital conditions. 
In the asymptomatic patient in whom anterograde 
_ block in the accessory pathway cannot be provoked with 
- - ajmaline our present policy is to determine the duration 
of the effective refractory. period of the accessory 
: pathway in the anterograde direction with programmed 

electric stimulation. This procedure is followed by de- 
- termination of the ventricular rate during induced atrial 
. fibrillation. 

_ Application to prophylactic drug therapy: Ad- 
: ministration of prophylactic drug therapy in the 
-asymptomatic patient with the Wolff-Parkinson-White 
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Employment and income status of 96 patients randomized into the Ala- 
bama portion of the National Cooperative Unstable Angina Study were 
evaluated before the patients’ admission to the study and in 1977. All 
patients had at least 12 months of follow-up study (mean 38 months). The 
ratio of patients fully employed at the time of follow-up to those fully 
employed at entry into the study (baseline) was 0.68 for medically treated 
patients, 0.53 for surgically treated patients and 0.53 for patients in whom 
medical therapy failed and who later underwent operation. The changes 
in annual family income were +$1,111 for medical patients, ~$2,447 for 
surgical and +$875 for those later undergoing surgery. Regression 
analysis revealed that nonwork income, initial work status, initial income, 
severity of angina while the patient was in the unstable angina study and 
the procedural variable (that is, persistent medical, early surgical or late 
surgical treatment) were associated with return to full-time employment. 
Changes in family income were related to change in work status, the 
procedural variable, the patient’s education, initial work status, the 
spouse’s income, occurrence of a myocardial infarction after entry into 
the unstable angina study, duration of angina before entry into the unstable - 
angina study, marital status and sex. Patients who underwent initial sur- 
gery had the largest reduction in family income, related to the change in 
nonworking status at the time of follow-up interview. 


In 1977, more than 70,000 coronary arterial bypass graft operations were 
performed at an estimated cost of $12,500 each. Total national costs of 
the operation alone in that year probably approached $1 billion.' These 
large costs have generated considerable debate over the results and 
benefits of the coronary bypass grafting procedure. In exaniining the 
costs and benefits of any medical procedure, an important initial step 
is to quantify the costs. Several investigators have reported estimates 
of the cost of the bypass operation, and a multidisciplinary group at the 
University of Alabama in Birmingham Medical Center recently reported? 
on the actual costs of medical and surgical treatment for patients entered 
into the Alabama portion of the National Cooperative Unstable Angina 
Study. In that study, for the 85 patients followed up for 2 years, the mean 
inpatient charges were $6,226 for 26 medically treated patients, $10,416 
for 41 surgically treated patients and $20,059 for 18 patients who failed 
to adequately respond to medical therapy and later required surgical 
therapy. Differences between the groups were statistically significant 
(p <0.001). 

It is logical next to examine the relative benefits of the two treatment 
modes. It is generally accepted that bypass surgery improves exercise 
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performance and reduces the symptoms of angina 
pectoris. Part of the current debate about treatment 
-modality revolves around social and economic factors. 
One important measure of the outcome of medical or 
surgical treatment modes is improved “quality of life,” 
- but this measure does not lend itself readily to quanti- 
tative analysis. A more easily examined aspect of the 
-patient's life is the ability to be employed and thus to 
function independently. Additionally, family income 
is often considered to represent an approximation of the 
quality of life attainable. This paper reports on these 
two measures, that is, changes in employment status 
and changes in family income in patients with unstable 
angina pectoris who were treated medically or surgically 
as part of a prospective randomized clinical trial. 


Methods 


>i.. Patient groups: One hundred six patients from the Uni- 
versity of Alabama in Birmingham portion of the National 
Heart, Lung, and Blood Institute’s prespective randomized 
-study of unstable angina (National Cooperative Unstable 
_ Angina Study) formed the patient group for the analysis. The 
-+ protocol of the randomized study has been described in detail 
` elsewhere.®4 Unstable angina pectoris was defined as a history 
“of the recent onset of effort angina or a changing pattern of 
- effort angina or angina at rest. These categories were not 
- mutually exclusive. The patient must have generated enough 
~-goncern in his or her physician to be admitted to a coronary 
icare unit for observation. The patient must have had transient 
electrocardiographic changes with pain, no evidence of a new 
myocardial infarction in the electrocardiogram and no diag- 
nostic rise in serum enzyme indicators of acute myocardial 
infarction during the stay in the hospital. Other requirements 
for patients in the trial were that all be under 70 years of age, 
that they had not experienced a myocardial infarction within 
3 months of admission into the study and that they be ina 
state of health, except for coronary artery disease, consistent 
with a further life expectancy of at least 5 years. 
Once the foregoing clinical criteria were satisfied and a di- 
. agnosis of unstable angina pectoris was made, informed con- 
sent was obtained and selective coronary arteriography and 
left ventriculography were undertaken. To be included in the 
clinical trial, a patient must have had one or more lesions of 


-> the coronary arteries judged to reduce the diameter of the 


“vessels by at least 70 percent. The distal coronary circulation 
had to be of adequate size to accept a vascular graft. Left 
ventricular function was determined with left ventriculog- 
<- raphy; an ejection fraction greater than 30 percent and an 
end-diastolic volume less than 125 ml/m? body surface area 
were required for inclusion in the study. At the time of initial 
evaluation, patients with marked left ventricular dysfunction 
were excluded from the trial because assignment to medical 
treatment was considered obligatory. Surgical treatment was 
recommended if a patient had a severe obstructive lesion of 
the left main coronary artery (greater than 50 percent re- 
duction of luminal diameter), and these patients were also 
excluded from the study. Medically treated patients who later 
required surgical therapy did so because of continued severe 
_- disabling stable angina pectoris or recurrent unstable angina 
=. pectoris that, in the opinion of the patient and physician, was 
altering the patient’s life-style significantly and was therefore 
_ Judged unacceptable. 
Follow-up: Data on clinical variables were taken from the 
‘. patient's medical records. Detailed data on work status and 
-income changes were obtained from telephone, home or clinic 





+ 


interviews in the summer and fall of 1977. Ninety-six of the’ 
original 106 patients were interviewed. By the time of thein 


terview, five patients had died, and five other patients were — 


not available for clinical follow-up study. An examination of —_ 
the characteristics of these 10 patients reveals that their. — 
omission does not bias the results of the study. The interview ` 
provided a cross-sectional evaluation of income and employ- <> 
ment changes. At the time of the interview, patients had been’ 
entered into the study for 1 to 5 1/2 years (mean = 37.6 
months, standard deviation = 13.4). 
Of the 106 patients included in this study, 55 were allocated -> 
to medical therapy and 51 to surgical therapy. This paper 
focuses only on the 96 patients who responded to the follow-up. 
interview in 1977. By that time, there were three groups of 
patients: 28 patients who remained on medical therapy 
throughout the study, 47 patients initially allocated to surgical _ 
therapy, and 21 patients who were initially allocated te 
medical therapy but subsequently required bypass surgery. 


In randomized clinical trials of heart disease the occurrence 2 
of patients in whom medical therapy fails is persistent 3" 


Thus, it is important to examine this group of patients sepa- 
rately. ae 
Analysis of data: The presentation of datais divided. into. oe 
a descriptive portion and an analytical portion. The descrip- 
tive portion first compares the three groups of patients bya 


variety of clinical and demographic variables. The remainder 


of the descriptive analysis compares changes in work status, 
income status and sources of income among the three groups 
of patients. Differences among the three groups were ass 
using the F statistic from analysis of variance, whereas the 
difference between any two groups was assessed with the t 
statistic. , The multivariate analytical portion assessed 
the factors that led to return to work as well as those that led 
to changes in income. Separate multiple regression analyses 
were used to examine return to work and income changes. 
Initially, a large array of clinical, demographic and. social 
variables were analyzed, as well as treatment procedures. 
Subsequent analyses included only the most important vari- 
ables in each of the regression equations. These refined re- 
gression equations are presented in the Results section. nthe . 
regression analysis the coefficient indicates magnitude of the 
relation and the direction of its effect. The beta value indicates 
the relative strength of the relation. 


Results 


Clinical variables of three patient groups: Table 
I compares the demographic and clinical characteristics 
of the persistent medical, surgical and late surgical 
groups. There are no statistically significant differences. |. 
among the three groups for the following characteristics: | 
age, percent female, mean years of education, number — 
of years since the onset of angina, the occurrence of — 
myocardial infarction during the study and mean 
number of coronary vessels diseased. The mean age of 
the patients was 53.8 years. Approximately 6 percent. . 
of the patients were women and the average level of - 
education attained was graduation from high school. 
The average time since onset of angina was 3.1 years, 
and approximately 16 percent of the patients had one 
or more myocardial infarctions during the study. The 
groups differed with respect to the percent married and 
greatest severity of angina during the study as deter- 
mined by the New York Heart Association classification 
for functional capacity.’ All patients in the persistent 
medical group were married and more than 90 percent 
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‘TABLE | - 


: “Comparison of Characteristics of Medical, Surgical, and 
Late Surgical Patients 














Therapy 
Persis- 
tent Late 
Medical Surgical Surgical 
Characteristics (no. = 28) (no. = 47} (no. = 21) 
Age (yr) 54.4 46.8 53348.1 543456 
Female (%) 7.1 6.4 4.8 
Married* (%) 400.0 91.5 76.2 
- Mean years of 119426 13.1488 113427 
education 
Years since onset 3.0+ 1.3 3.0 Ł 1.1 3.5410 
of angina 
-Greatest severity of 2.3 + 0.8 14407 3040639 
angina while in study? 
One or more myocardial 7.1 17.0 23.8 
infarctions while in 
study®.(%) 
Total number of vessels 1.7408 19408 22408 
diseased 
* Significant (p-<0.05). 
t Significant (p <0.04). 


+ New. York Heart Association’ classification for functional ca- 


pacity. 
§ Includes perioperative infarction in patients undergoing bypass 


Surgery performed at any time during the study. 


of the surgically treated patients were married, whereas 


_ only slightly more than 75 percent of the late surgical 
-group were married. The greatest severity of angina was 


-found in the late surgical group, followed by those in the 


“persistent medical and then the surgical group. The low 


incidence of severe angina in the initial surgical group 


e reflects the relief of symptoms of angina pectoris af- 
_ forded by the surgical procedure, whereas the high in- 


cidence of severe angina in the late surgical group re- 


~ flects the high level of anginal symptoms prior to the 
_ decision to operate. 


Employment status: A comparison of full-time 


employment status 3 months before entry into the study 
with employment status at the time of the interview is 


shown in Table II. Seventy-nine percent of the persis- 


: tent medical group, 85 percent of the surgical group and 


_ 85 percent of the late surgical group were employed 3 
-months before entry into the study. At the time of the 


_interview (1 to 5 1/2 years after entry) 54 percent of the 
medical, 45 percent of the surgical and 45 percent of the 


late surgical group were employed. In both periods these 


-differences are not statistically significant. A ratio of 


-percent employed at the time of the interview to percent 


- employed 3 months before entry into the study is 0.68 


for the persistent medical group and 0.53 for both the 


< surgical and late surgical groups. This difference be- 
-tween the persistent medical group and both the initial 


surgical and late surgical groups was statistically sig- 


nificant (p <0.01). 

Family income: Table ITI compares reported gross 
family income 3 months before entry into the study with 
that at the time of the interview. There was no statis- 
tically significant difference between the incomes of the 


three groups 3 months before entry into the study and 


TABLE ii 


Comparison of Full-Time Employment Status for Three 
Treatment Groups 











Therapy 
Persis- 
tent Late 
Medical Surgical Surgical 
Characteristics (no. = 28) (no. = 47) {ao. = 21) 
Employment 3 months before 786% 85.1% 85.0% 
entry into study (baseline) 

Employment at time of interview 53.6% 447% 45.0% 
Ratio of employment after to 0.58 0.83 0.53 


employment before” 
* Significant {p <0.01). 





at the time of the interview. Patients in both the per- 
sistent medical group and the late surgical group re- 
ported gains in income from baseline to the time of in- 
terview ($1,111 and $875; respectively), whereas the 
surgical group had a reduction in income ($2,447). These 
changes in income among each of the three groups were 
significantly different from each other. The loss in 
earnings of the initial surgical group was to be expected 
because fewer patients in this group returned to work. 
When one adjusts the initial income for the reduction 
in buying power caused by inflation, all three groups of 
patients experienced a loss in real income. The mean 
loss was $3,662 for the persistent medical group, $6,700 
for the surgical group and $3,679 for the late surgical 
group. 

Table IV presents sources of income. About 85 per- 
cent of patients in the medical and late surgical groups 
had income sources of personal earnings compared with 
51 percent for patients in the initial surgery group. . 
Spouse’s earnings reflect the finding that spouses. of 
surgically treated patients worked the least, fallowed 
by spouses of patients in the late surgical and then the 
persistent medical group. However, the surgical group 
had the highest proportion of persons receiving pen- 
sions. Seventy-one percent of patients in the persistent 
medical group and approximately 50 percent of those 
in the surgical and late surgical groups receive income 
from other sources (money from relatives, loans, welfare 
payments, sale of property or earnings from stocks, 
bonds or savings). None of these differences were sta- 
tistically significant. 

Factors that affect return to work: Multiple re- 
gression analysis was performed on these factors. For 
the purposes of this analysis, only people who returned 
to work full time were considered employed. Alsc, pa- 
tients who were retired before entry into the study and 
patients over age 60 years were excluded from the re- 
gression analysis, leaving 22 patients in the persistent 
medical group, 40 in the initial surgical group and 17 in 
the late surgical group. A series of stepwise regression 
analyses were performed with a large number of vari- 
ables. Table V presents a best-fit regression analysis in 
which each variable was a significant predictor of return 
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TABLE M 





* 


_ Comparison of Family Income 3 Months Prior to Entry Into Study, at Time of Interview, and Change in Income Between Two - 


“Points of Time, for Three Treatment Groups 











Mean family income 3 months before entry into study 
Mean family income at time of interview 

Change in income? 

_Change i in income adjusted for inflation! 








$19,537 + 17,948 
$20,648 + 17,821 
$41,111 47,217 
$—3,662 + 9,012 


Therapy 
Persistent Late 
Medica! Surgical Surgical 
(no. = 27)" (no, 47) (no, = 20)* 





$17,875 + 15,288: 

$18,750 + 17,177 
$4+875 + 8,163. 

$—-3,679 + 9,104 


$17,500 + 14,891 
$15,053. + 15,053 
$—2,447 + 5,121 
$—6,700 + 7,074 





* One persistent medical patient and one late surgical patient refused to tell the interviewer their incomes. 


-t Significant (p <0.05). 


to full-time employment. Earlier regression equations 
-included a large number of variables that were not sig- 
: nificant. Among these nonsignificant variables were sex, 
n age, education, number of years the patient had had 


_ angina, total number of coronary vessels diseased, and 
-the occurrence of myocardial infarction after admission 


tothe study. 
The significant predictors of return to full-time 
employment are listed in order of importance. These 
__ predictors were: nonwork income at the time of the in- 
--terview, work status 3 months before entry into the 
study, the procedural variable (that is, presence in the 
persistent medical group versus presence in the initial 
surgical or the late surgical group), and the greatest 
severity of angina since admission to the study. The 
most important of these predictors is nonwork income, 
which includes income from.workman’s compensation, 
unemployment insurance, welfare payments and pen- 
sions. The negative coefficient on this variable indicates 
that patients who were currently receiving nonwork 
* income were less likely to be working at the time of the 
interview. If patients were working 3 months before 
-entry into the study, they were more likely to be working 
- atthe time of the interview. Patients with higher family 





incomes before entry into the study were less likely to 


S return to work. The coefficient of the procedural vari- 


TABLE IV 


Sources of Income at Time of Interview for Three Treatment 
Groups (Percent of Group Having the Source of income)*T 











Therapy 
Persistent Late 
Medical Surgical Surgical 
Sources (no. = 28) (no. = 47) (no. = 20) 

Personal earnings 64.34 48.8 51.1450.5 65.04 48.9 
Spouse's earnings 50.04 50.9 36.24 48.6 40.0 + 50.3 
‘Pensions 53.6 +50.8 596449.6 5004513 

7144 46.0 4684500 55.04 513 


Additional sourcest 





ne One patient in the late surgical group would not provide sources 
of income. 

_. J None of the variables are significant (p <0.05). 

Additional sources include money from relatives, loans, welfare, 
saleof property, income from stocks or bonds and savings. 


able indicates, as does Table Il, that patients in the 
persistent medical group were more likely to return to _ 





work than were patients who underwent surgery. Pa- _ 
tients with more severe angina were less likely toreturn. — 





to work. Together, these variables explained 44 percent i 


of the variance in return to full-time employment. 


Factors affecting change in family income: Table 
VI presents the results of stepwise multiple regression _ 
analyses of the change in family income between the 
time 3 months before entry into the study and the time _ 
of the interview. Initially, a large array of demographic = 
and clinical characteristics were included in the analysis. 


Unlike the regression analysis concerning return to 
full-time employment, this analysis excluded only pa- 


tients who were retired before entry into the study; this 
left 24 patients in the persistent medical group, 44 pa- _ 
tients in the initial surgical group and 19 patients in the 
late surgical group. Age at the time of interview was _ 
included in the regression analysis but was not a sig- 


nificant predictor. 


Significant variables listed in order of importance — 
were change in the patient’s work status, the procedural _ 
variable (that is, initial allocation to surgical therapy _ 
versus medical therapy), mean years of education, — 


TABLE V 


Stepwise Regression Analysis on Full-Time Employment at 


Time of Interview (79 patients} 











Stan- 
Coeffi- dard 
Variable cient Beta r? Error 
Nonwork income * —0.60 —0.60 0.32 0.09 
Work status 3 months 0.40 0.23 0.38 0.16 
before entry into 
study * . 
Income 3 months —0.67 0.22 0.41 0.00 
before entry into 
study* ; 
Procedural variable 0.17 0.15 0.42 9.40 
{medical = 
surgical and late 
surgical = 0)* ne 
Greatest severity —0.74 —0.15 0.44 0.05 
of angina* : 
Constant 0.70 


(F = 11.5; p <0.01) 
* Significant (p <0.01). 





* 
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‘TABLE VI - 


Stepwise Regression Analysis of Change in income (87 patients) 





Variable 





Change in work status*? 


Procedural variable (surgical = 1, medical and late surgical = 0)' 


Mean years of education! 
Working before entrance into study (1 = yes, 0 = no)! 
Spouse income (1 = yes, 0 = no) 


One or more myocardial infarction while in study (1 = yes, 0 = noj* 


Number of years since onset of anginat 
Marital status (1 = yes, 0 = no)? 

Sex (1 = female, 0 = male)? 

Constant 

{F = 3.9; p <0.01) 





Standard 

Coefficient Beta rê Error 

—5940 —0.42 0.12 1441 

— 2684 —0.19 0.18 13144 

—171 —0.17 0.20 101 

3459 0.16 0.23 2205 

1835 0.13 0.25 1363 

3368 0.19 0.27 1923 

938 0.15 0.28 599 

— 4565 0.18 0.29 2753 

5427 0.17 0.32 3301 
—7110 





* 1 = working 3 months before entry into study, not working at interview; 0 = no change in work status or nonworking to working. 


t Significant {p <0.01). 


- working before entry into the study, spouse’s income, 
-the occurrence of one or more myocardial infarctions 
-during the study, the number of years since the onset 
of angina, marital status and sex. If a patient’s work 
status went from that of working 3 months before entry 
into the study to not working at the time of the inter- 
view, family income decreased $5,940. Patients who 
initially underwent surgery had a mean reduction in 
income of $2,684. Mean years of education were nega- 
tively related to change in income. Patients working 
“before entry into the study and continuing to work at 
the time of interview had a positive change in income 
of $3,459. Families in which the patient’s spouse was 
working at the time of the interview had an increase in 
- income of $1,835. This variable becomes insignificant 
--when martial status enters the regression because of 
: multicollinearity. Patients who had one or more myo- 
-cardial infaretions after entering the study had an 
unexpected positive change in income. Patients who had 
angina pectoris longer also had a positive change in in- 
‘come. The family incomes of married patients increased 
< by $4,565. As indicated earlier, this variable is correlated 
-with income from the spouse’s employment, but the two 
variables have separate and distinct effects. The family 
“income of female patients increased $5,427. However, 
as reported in the previous regression analysis, sex was 
not a significant predictor of return to full-time em- 
<- ployment. Together these variables explained 32 per- 
_ cent of the change in family income. The significance 
_ of other variables was masked by their collinearity with 
_ the variables already in the equation. Alternative 
_ specifications of the equation cause reported variables 
‘to be replaced with other variables with less explanatory 
‘ability. 


Discussion 


Although there have been many studies of the return 
-to-work after a myocardial infarction}? and others on 
return to work after coronary arterial bypass grafting 
or valvular surgery,!*-!® there appears to be only one 
published study comparing return to work among pa- 
tients undergoing medical versus surgical therapy for 


coronary artery disease. Hammermeister et al.!” ex- 
amined employment characteristics of patients in a 
coronary angiography registry having cardiae cathe- 
terization or surgery in Seattle, Washington. Work 
status 3 months before catheterization or surgery was 
clearly the major variable predictive of continued em- 
ployment 12 months later, regardless of whether the 
patients were treated medically or surgically. Mere than 
83 percent (872 of 1,047) of patients working 3 months 
before catheterization or surgery continued to work at 
12 months, whereas only 12 percent (36 of 307) of pa- 
tients not working for the 3 month period before surgery 
or catheterization returned. to work after treatment. 
Hammermeister et al. concluded that surgical therapy 
was not more effective than medical therapy in main- 
taining full-time employment in this registry of patients 
after catheterization. The major difference in the 
Seattle investigation and the patient group under ex- _ 
amination at the University of Alabama in Birmingham 
is that the Seattle study examined all patients receiving 
medical or surgical treatment as part of the Seattle 
Heart Watch Registry, whereas the Birmingham study 
is a prospective investigation examining patients ran- 
domly assigned to medical or surgical therapy as part 
of a clinical trial. 

Return to work after surgery: The results of our 
study indicate that patients whe are successfully man- 
aged on medical therapy for unstable angina pectoris 
return to full-time employment at a significantly higher 
rate than do patients who undergo bypass surgery (both 
initially and late). This contradicts several earlier 
studies examining the return to work only among sur- 
gically treated patients, which found that the operation 
led to an increase in employment.!>!6 A detailed anal- 
ysis of this phenomenon indicated that patients who 
have income from sources other than their own work or 
the work of their spouses (nonwork income) are least 
likely to return to full-time employment, regardless of 
the work status of the spouse. This study supports the 
findings of Barnes et al. and Hammermeister et al.!7 
in that patients who were working before entry into the 
study were more likely to return to full-time employ- 
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ment. However, a new and distinct finding is that pa- 
tients who were making higher incomes were less likely 
-> to return to work. This result contradicts the prevalent 
notion that patients with high status, high paying jobs 
are likely to return to work after treatment. for heart 
- disease. Finally, as expected, patients with more severe 
“angina pectoris are less likely to return to full-time 
employment. 
-Several factors may be hypothesized to explain why 
surgically treated patients return to work at a rate 
substantially lower than that of medically treated 
patients. The length of time preparing for surgery, the 
operation itself, and the recovery period may cause 
patients to seek early retirement, or the time required 
for the surgical procedure and recovery may cause pa- 
tients to become unaccustomed to working. Pain from 
the operation, fright and possibly the fact that it is easier 
for surgically treated patients to become eligible for 
_ disability compensation, plus the attitudes of employers 
and associates toward patients who have had major 
surgical procedures, may also influence return to 
work? 
-Family income after surgery: A comparison of 
_ family income 3 months before entry into the study and 
at the time of the interview indicated that patients who 
- underwent initial surgery had the largest reduction in 
= income, whether measured by actual income or income 
_ adjusted for inflation. Patients in the persistent medical 
group and the late surgical group experienced similar 
changes in actual income and in incomes adjusted for 
inflation. One reason for this similarity of changes in 
income in these two groups, despite the difference in 
return to full-time employment, is that approximately 
65 percent of both groups continued to have income 
from personal earnings. For patients in the late surgical 
group, this was due to a higher rate of part-time em- 
_ployment than that of the other groups. 
< > As expected, the most important explanatory variable 
in the regression analysis concerning the change in in- 
come during the study was a change in status from 
: working 3 months before entry in the study to non- 
- working at the time of interview. The regression analysis 


confirmed the result that surgically treated patients had” 


a significant decrease in income by comparison with the 


other groups when the other variables were held con- 
stant. The negative coefficient on the education variable | 
again reflects the finding that patients from higher — 
status groups did not return to full-time employment, = 


and this event led to a decline in income for that 
subgroup. 


Married patients had positive changes in income due. 


to the effect of the spouse’s income upon family income. 
Similarly, female patients experienced positive changes 
in family income, probably due to continued employ- 
ment of their spouses. Surprisingly, families of patients 


who had had one or more myocardial infarctions while - 


in the study had a positive change in income. Further 


analysis revealed that the work activity of the families 
of these patients was more likely to have increased be- 


cause of the patient’s heart disease; this finding may 


account for the higher family income. The increase in- 


income among patients with a longer history of angina 


may be a result of their having previously adjusted their 


work and earnings to their heart disease. 


Implications: This study is the first to examine in 3 
detail the return to work and changes in income among: 


patients with unstable angina pectoris in a prospective 
randomized clinical trial. Patients who received only 
medical treatment were more likely to return to full- 


time employment than were comparable patients who: _ 
initially underwent cardiac bypass surgery or who later __ 
required such surgery. Previous studies have compared: = 


the two procedures through examination of changes in 
longevity, relief of anginal pain and exercise perfor- 
mance. This study complements these efforts by as- 


sessing more completely the relative benefits of the two. © 


procedures through examining the patient’s return to 
full-time employment and changes in family income. 


The procedural variable indicates that patients who 





initially underwent bypass surgery had the greatest — 


decrease in family income, and these patients were the 


least likely to return to full-time employment. Patients. 
who were successfully managed on medical therapy were 
most likely to return to full-time employment. 
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lifesaving effects in the suppression of life- 
threatening ventricular arrhythmias unresponsive 
to lidocaine. 


See last page of this advertisement for prescribing intormation. 
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BRETYLOL's:r| 


BRETYLOL INJECTION 
FOR INTRAMUSCULAR OR INTRAVENOUS USE 


DESCRIPTION 
BRETYLOL (bretylium tosylate} is o-Bromobenzy! ethyldimethylammonium p-toiuene sulfonate. The 
chemical structure is: 





CHa + = 
C ) CH:—N- Cos CHa SO; 
CH; 
Br 
CisHaBrNO3S Mol. Wt. 414.39 


BRETYLOL is a white, crystalline powder with an extremely bitter taste. It is freely soluble ia 
water-and alcohol. Each mi of sterile, pyrogen-free solution contains 50 mg bretylium tosylate 
Water for injection, USP. The pH is adjusted. when necessary, with dilute hydrochloric acid a 
sodium hydroxide. BRETYLOL contains no preservative. 


- GLINIGAL PHARMACOLOGY 

BRETYLOL (bretylium tosylate) is a bromobenzyi quaternary ammonium compound which selec- 
tively accumulates in sympathetic ganglia and their postganglionic adrenergic neurons where i 
inhibits norepinephrine release by depressing adrenergic nerve terminal excitability. 

BRETYLOL also suppresses ventricular fibrillation and ventricular arrhythmias. The mechanisms 
of the antifibriliatory and antiatrhyt"mic actions of BRETYLOL are not established. in efforts 
te define these mechanisms, the following electrophysiologic actions of BRETYLCL have been 
demonstrated in animal experiments. 


1. increase in ventricular fibrillation “areshotd. 
2. increase in action potential duration and effective refractory period without changes in heart rate. 


3. Little effect on the fate of rise or amplitude of the cardiac action potential (Phase 0} or in 
testing membrane potential (Phase 4) in normal myocardium. However. when cell injury slows the 
tate cf rise, decreases amplitude, and lowers resting membrane potential, BRETYLOL restores 
these parameters toward normal, 


4. increase in impulse formation and spontaneous firing rate of pacemaker tissue as well as 
incteesed ventricular induction velocty. 


The restoration of injured myocardial celt slectrophysiclagy toward normal. as weil as the increase 
of the action potential duration and effective refractory period without changing their ratio to each 
other. may be important factors in suspressing re-entry of aberrant impulses and decreasing induced 
dispersion of local excitable states. 

BRETYLOL induces a chemical sympathectomy-like state which resembles a surgical sgm- 
pathectomy. Catecholamine ‘stores ase not depleted by BRETYLOL. but catecholamine effects cn 
ihe myocardium and on peripheral vascular resistance are often seen shortly after administration 
because BRETYLOL causes an early release of norepinephrine from the adrenergic postganglionic 
nerve terminals. Subsequently, BRETYLOL blocks the release of norepinephrine in response to 
neuron stimulation. Peripheral adrenergic blockade regularly causes orthostatic hypotension bet 
has fess effect on supine blood pressure. The relationship of adrenergic blockade to the ant- 
fibriletory and antiarrhythmic actions of BRETYLOL is not clear. in a study in patients with 
frequent ventricular premature beats. peak plasma concentration of BRETYLOL and peak hype- 
tensive effects were seen within one hour of intramuscular administration, presumably reflecting 
adrenergic neuronal blockade. However, suppression of premature ventricular beats was not maxi 
mal ual 6-9 hours after dosing, whem mean plasma concentration had declined to less than one-half 
ol peak level, This suggests a slower mechanism, other than neuronal blockade. was involved in 
- Suppression of the arrhythmia. On the other hand, antifibrilatory effects can be seen within 
minutes S an intravenous injection. suggesting that the effect on the myocardium may occer 
quite tapidly. 

BRETYLOL has a positive inotropic effect on the myocardium, but it is not yet certain whether 
this effect is direct or is mediated by catecholamine release. 

BRETYLOL is eliminated intact by the kidneys. No metabolites have been identified followirg 
administration of BRETYLOL in man and laboratory animals. in man, approximately 70 to 80% of a 
MGAabelled intramuscular dose is excreted in the urine during the first 24 hours, with an additional 
10% excreted over the next three days. 

In various studies of BRETYLOL excretion, estimates of the terminal haif-lite have varied from 
about'5 to about 10 hours, with an even wider range in individual subjects (4 to 17 hours). Whether 
this represents true intrapatient varizbility or limitations of methodology remains to be determined. 


Effect on Heart Rate: There is sometimes an initial small increase in heart rate when SRETYLOL 
is administered, but this is an inconsistent and transient occurrence. 


amie Effects: Following intravenous administration of 5 mg/kg of BRETYLOL tə 
patients with acute myocardial infarction, there was a mild increase in arterial pressure, followed 
by a modest decrease, remaining within normal limits throughout. Pulmonary artery pressures, 
pulmonary capillary wedge pressure, right atrial pressure, cardiac index. stroke volume index. and 
stroke work index were not significantly changed. These hemodynamic effects were not correlated 
with antiarrhythmic activity. 


Onset of Action: Suppression of ventricular fibrillation is rapid, usually occurring within minutes 
following intravenous administration. Suppression of ventricular tachycardia and other ventricular 
arrhythmias develops more slowly, usually 20 minutes to 2 hours after parenteral administration. 


INDICATIONS we 
BRETYLOL is indicated in the treatment of life-threatening ventricular arrhythmias. principally 
ventricular fibrillation and ventricular tachycardia, that have failed to respond to adequate doses 
of a first-line antiarrhythmic agent, such as lidocaine of procainamide. At this time. BRETYLOL 
should not- be considered a first-line antiarrhythmic agent. 

Use of BRETYLOL should be limited to intensive care units, coronary care units of other facilities 
where mnt and personnel for constant monitoring of cardiac arrhythmias and blood pressure 
are available. 

Following injection of BRETYLOL there may be a delay of 20 minutes to 2 hours in the onset of 
antianthythmic action, although it appears to act within minutes in ventricular fibritiation. The 
delay in effect appears to be longer efter intramuscular than after intravenous injection. 
CONTRAINDICATIONS 
There are no contraindications to use in treatment of ventricular fibrillation or life-threatening 
refractory ventricular arrhythmias. 


WARNINGS 

1, Hypotension: Administration of BRETYLOL reguiariy results in postural hypotension. sut- 
jectively recognized by dizziness, light-headedness, vertigo of faintness. Some degree of hypo- 
tension is present in about 50% of patients while they are supine. Hypotension may occur at doses 
lower than those needed to suppress arrhythmias. 


Patients should be kept in fe : supine position until tolerance to the hypotensive effect of 
BRETYLOL develops. Tolerahce occurs unpredictably but may be present after several days. 








Hypotension with supine systolic pressure greater than 75 mm Hg need not be treated unless ther 
are associated symptoms: ¥ supine systolic. pressure fais below 75 mm Hg, an infusion of dopamin 
or norepinephrine may be used to raise blood pressure: When catecholamines are administered. i 
dilute solution should be employed and blood pressure monitored closely because the presso 
effects of the catecholamines are enhanced by BRETYLCL. Volume expansion with blood or plasmi 
and correction. of dehydration should be carried out whare appropriate. 


2. Transient Hypertension and Increased Frequency of Arrhythmias: Due to the initia 
release of norepinephrine from adrenergic postganglionic nerve terminals by BRETYLOL. transien 
hypertension or increased frequency of premature vertricular contractions and other arrhythmia: 
may occur if some patients. 


3. Caution During Use with Digitalis Gtycosides: The initial release of norepinephrine cause: 
by BRETYLOL may aggravate digitalis toxicity. When a life-threatening cardiac arrhythmia occur: 
in a digitalized patient, BRETYLOL should be used oniy if the etiology of the arrhythmia does nc 
appear to be digitalis toxicity and other antiarrhythmic drugs are not effective. Simultaneou 
initiation of therapy with digitalis glycosides and BRETYLOL should be avoided. 


4. Patients with Fixed Cardiac Output: in patients with fixed cardiac output iie., severe aarti 
stenosis or severe pulmonary hypertension) BRETYLOL should be avoided since severe hypotension 
may result from a fall in peripheral resistance without a compensatory increase in cardiac output 
if survival is threatened by the arrhythmia, BRETYLOL may be used but vasoconstrictive catechol 
amines should be given promptly if severe hypotension: occurs. 


USE IN PREGNANCY 

The safety of BRETYLOL in human pregrancy has not been established. However, as the drug i: 
intended for use only in Efe-threatening situations, it may be used in pregnant women when iti 
benefits outweigh the potential risk te the fetus. 


USE IN CHILDREN 

The safety and efficacy of this drug in children has rot been established. BRETYLOL has beer 
administered to a limited number of pediatric patients, gut such use has been inadequate to define 
fully proper dosage and limitations for use. 


PRECAUTIONS 

1. Dilution for Intravenous Use: BRETYLOL should de diluted (one part BRETYLOL with fou 
parts of Dextrose Injection, USP or Sodium Chloride injection, USP) prior to intravenous use. Rapic 
intravenous administration may cause severe nausea end vomiting. Therefore, the diluted solutior 
should be infused over a period greater than 8 minutes. in treating existing ventricular fibrillatior 
BRETYLOL should be giver as rapidly as possible and may be given without dilution. 


2. Use Various Sites for intramuscular injection: When injected intramuscularly, not mor 
than 5 mi should be given in a site, ard injection sites should be varied since repeated intra 
muscular injection inte the same site may cause atrophy and necrosis of muscle tissue, fibrosis 
vascular degeneration and inflammatory changes. 


3. Reduce Dosage in impaired Renal Function: Since BRETYLOL is excreted principal 
via the kidney, dosage should be reduced in patients wah impaired renal function. 


ADVERSE REACTIONS 

Hypotension and postural hypotension have been the most frequently reported adverse reactions 
isee Warnings section}. Nausea and vomiting occurred i about three percent of patients, primarily 
when BRETYLOL was administered rapidly by the intravenous route {see Precautions section) 
Vertigo, dizziness, light-headedness and syncope, which sometimes accompanied postural hypo- 
tension, were reported in about 7 patients in 1000. 

Bradycardia. increased frequency of premature venteicular contractions, transitory hypertension 
initial increase in arthythmias (see Warnings section), precipitation of anginal attacks, and sensa 
tion of subsiemal pressure have aiso been reported in e smali number of patients, i.e.. approximately 
1-2 patients in 1000. 

Renal dysfunction, diamhsa, abdominal pain, hiccups, erythematous macular rash, flushing 
hyperthermia, confusion, paranoid psychosis, emotional lability, lethargy. generalized tenderness 
anxiety, shortness of breath, diaphoresis, nasal stuffiness and mild conjunctivitis, have been reported 
in about 1 patient in 1000. The relationship of BRETYLOL administration to these reactions has 
not been clearly established: 


DOSAGE AND ADMINISTRATION 

BRETYLOL is to be used clinically only for treatment of life-threatening ventricular arrhythmias 
under constant electrocardiographic monitoring. Since there is a delay in onset of its antiarrhythmic 
action, BRETYLOL is not te be considered or used as ateplacement for rapidly-acting antiarrhythmic 
agents currently in use. The clinical use ef BRETYLOL is for short-term use only. Patients should 
either be kept supine during the course of BRETYLOL therapy or be closely otiserved for postural 
hypotension. The optimal dose schedule for parenteral administration of BRETYLOL has not beer 
determined. There is comparatively little experience with dosages greater than 30 mg/kg/day 
although such doses have been used without apparent adverse effects. The following schedule is 
suggested: 


A, For immediately Life-threatening Ventricular Arrhythmia, as in Ventricular Fibriliation: 
Administer undiluted BRETYLOL at a desage of 5 mg/kg of body weight by rapid intravenous 
injection. Other usual cardiopulmonary resuscitative pricedures, including electrical cardioversion 
should be employed prior to and following the injection in accordance with good medical practice 
if ventricular fibrillation persists, the dosage may be increased to 10 mg/kg and repeated at 15 tc 
30 minute intervals unti! a total dose of net more than 3G mg/kg of body weight has been given. Fo: 
maintenance dosage, see below. 


B. Other Ventricular Arraythmias: 
1. intravenous Use: BRE 7YLOL must be diluted as folfaws before intravenous administration: Using 
aseptic technique. dilute contents of one BRETYLOL ampul (10 mi containing 500 mg bretylium 
tosylate} to a minimum of 50 mi with Dextrose injection, USP or Sodium Chloride injection, USP. 
Administer the diluted solution at a dosage of 5 to 10 mg BRETYLOL per kg of body weight by 
intravenous infusion over a period greater than 8 minutes. More rapid infusion may cause nausea 
and vomiting. A second dose may be given in 1 to 2 hours if the arrhythmia persists. 
2. For intramuscular tion; (De not dilute BRETYLOL prior to intramuscular injection.) 
Inject 5 to 10 mg BRETYLOL per kg of body weight. Desage may be repeated in 1 to 2 hours if the 
asthythmia persists. Thereafter maintain with same dosage every 6 to 8 hours. 
intramuscular injection should not be made disectly into or near a major nerve, and the site of 
injection shouid be varied ar repeated injection. 
C. Maintenance Dosage: The diluted BRETYLOL sclution may be administered by intermittent 
bolus infusien or by constant infusion. 
1. intermittent infusion: infuse the diluted solution at a dosage of 5 to 10 mg BRETYLOL per kg 
body weight. over a period greater than & minutes. every 6 hours. More rapid infusion may cause 
nausea and vomiting. 
2. Constant infusion: infuse the diluted solution at a éosage of 1 to 2 mg BRETYLOL per minute. 


Dosage of BRETYLOL should be reduced and discontinued in 3 to § days under electrocardiographic 
monitoring. Other appropriate antiarrhythmic agents should be substituted, if indicated. 

HOW SUPPLIED 

NDC 0094-0012-10: 10 mi empu! containing 500 mg bretylium tosylate in Water for Injection, USP 
of adjusted. when necessary, with dilute hydrochloric acid or sodium hydroxide. Sterile, pyrogen- 
free. July 1978 


ARNAR-STONE LABORATORIES, INC. 


McGaw Park, illinois 60085 
A Subsidiary of American Hospital Supply Corporation 
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Doctor: Betore prescribing or administering 
Breokinase® (urokinase for injection) aca read the 
following product information. 


BREOR 
(UrokiNASe) tor injection 


Breokinase (urokinase for injection) skoufd be used, 
only by physicians with adequate expSrience in the 
management of thrombotic disease in hos 
necessary clinical and laboratory monToring can be 
performed (see Warnings, Precautionsa ad Dosage and 
Administration). 

The physician should carefully assess the overall 
clinical status and history of the patient before 
"beginning urokinase treatment. Urokinase produces 
: more profound changes in hemostasis ‘anc.a greater 
. frequency of bleeding than heparin or 5 oumarin 
anticoagulant therapy. Bleeding when it occurs is more 
severe and more difficult to manage. Such factors as 
patient's age, physical condition, and underlying bieed- 
ing tendency (as described under Warnings and Pre- 
: cautions) should be taken into consideration when the 
potential risk of serious hemorrhage is weighed against 
the potential benefits of urokinase treatment}. 


indications 3 2 oes 


Breokinase is indicated for the thromb tic treaz- 

ment or: 

-acute massive pulmonary embolism, eefitied as ob- 
struccion or significant filling defects imohëng two cr 
more lobar pulmonary arteries or an 
amount of emboli in other vessels, as seen on pub 
monery arteriography; 

—pulmonary embolism accompanied B 
hemodynamics, i.e., inability to mair 
pressiire without supportive measures. 
The diagnosis of pulmonary embolism should be 

confirmed by objective means, preferably pulmonary 

arteriography. 

Urokinase treatment should be started as soon as 
possible after diagnosis: of pulmonary embolism, but 
no later than five days-after onset. Underzhese circum- 
starices, angiographic and hemodynamic: neasure- 
ments and perfusion lung scans demonstrate. a more 
tapid improvement during the first 24 hours<cter initia 
tion of therapy than with heparin therapy. However, 
it has rot been established that urokinase freatment 
decreases morbidity or mortality comipa“ed ty heparin 
therapy alone. 


Contratndications t= 


Thrombolytic therapy increases the risk. of. bleeding. 
The risk of hemorrhage in the conditions listed below 
should be weighed carefully against the anticipated 
benefits of urokinase therapy in each: patient. The 
benefits and risks associated with urokizase therapy 
should be compared to the benefits and risks asso- 
ciated with other forms of treatment. 

1. Surgical procedures within preceding ten days (in- 
cluding liver or kidney biopsy, lumbar puncture, 
thoracentesis, paracentesis, extensive ‘or multiple 
cutcowns). 

2, Intrdarterial diagnostic procedure wichin -en days. 

3, Ulcerative wound. 

4, Recent trauma with possibility of internal injuries. 

§, Visceral or intracranial malignancy. _ 

6. Pregnancy and the first ten days pos*parzum. 

Ta Actively bleeding tesion of the gastrointestinal or 
genilourinary tract, or a condition wrh significant 
potential for bleeding (including ulcerative colitis, 
diverticulitis). P 

8. Severe hypertension, 

9, Acute or chronic hepatic or renal insufficiency. 

0. Uncontrolled hypocoagulable stafs {including 

ation factor deficiency, throm socytopenia, 

neous fibrinolysis, any purpure or hemor- 
rhagic disorder). 

H41.Chrenic pulmonary disease with cavitation, e-.s.. 
tuberculosis. 

t2. Subacute bacterial endocarditis or rreumatic val- 
vular disease. 

13. Recént cerebral embolism, thrombosis or hemor- 
rhage (within at teast two months) fo évoid risk 
of bleeding into infarcted cerebral tissue. 

4..Any other condition in which bleeding constitutes 
a-significant hazard or would be particularly difficult 
to locate or control. 


Warnings 


Bieeding: Activation of the fibrinolytic system with 
rokinase causes a more profound change in the hemo- 
tatic status of the patient than does anticoagulant 
herapy with heparin or coumarin agents. The objective 
t urokinase therapy is the production of sufficient 
mounts of plasmin to lyse intravasculdr deposits of 
ibrin; however, fibrin deposits which provide hemo- 
stasis, for example at sites of needle punctures, will 
iso undergo lysis, and bleeding from such tites may 
scour. The possibility of bruising or hematoma forma- 
ton, especially with intramuscular injections, is 
ubstantial during thrombolytic therapy. Unnacessary 
slinical or diagnostic procedures should be avoided. 
t is important that close attention be paid to-this sec- 
ion. and the Contraindications section in; otder to 
inimiza the risk of bleeding. 



























































































Intramuscular injections shculd be avoided during 
urokinase therapy, as. with hearin therapy, because 
of the high risk of hematoma formation. Bieeding may 
occurat sites of recentinvasivecrocedures. Therefore, 
arterial punctures must be avcided before as well as 
during treatment with Orokinase. If arterial puncture 
is absolutely necessary, the redial or brachial artery 
should be used and the femoral artery must be avoided. 
Arterial puncture should be pe formed with great care 
by an experienced physician ad pressure should be 
apptied for at least 15 minutes. ~his should be followed 
by the application of apressurecressing, andthe punc- 
ture site should be checked frajuently tor evidence of 
bleeding. 

Venipunctures should also be per‘omed ag carefully 
and infrequently as possible. if bleeding from an inva- 
sive site occurs during urokinase infusion, but is not 
severe, treatment may be conti sued with close clinical 
observation. Local pressure and other measures 
Should be initiated immediately 

Spontaneous internal bleedirg that.is not accessible 
for the application of pressure may also occur. The 
tisk of spontaneous ‘bleeding i is greacer in patients with 
pre-existing hemostatic abncrnalities, including pa- 
tients whose histories are sugg=stive of prior bleeding 
problems whether or not there are demonstrable ab- 
normalities in platelet count, prothrombin time, partial 
thromboplastin time, or bleedng time. The relative 
risksand benefits of urokinase tea:ment must be care- 
fully assessed in such patients 2efore initiating 
treatment. . 

Piasmin degrades fibrinoger: Factor V, Factor VHI, 
and other proteins in addition -o fibrin. The products 
of plasmin degradation of Fbrinogen and fibrin 
(FDP/fdp} possess an anticoagulant effect which may 
make bleeding difficult to conzrol. 

it serious spontaneous bleedmg occurs, the infusion 
òf urokinase should be terminated immediately, and 
treatment instituted as desc ibed under Adverse 
Reactions. 


Risk.of Cerebral Embolism 


Urokinase treatment of patients with atrial fibri-lation 
or other conditions which predissose to cerebral 
embolism may be hazardous because of.the risk of 
bleeding into the infarcted cerepral area. 


Use of Anticoagulants 


Concurrent use of anticoagularts wth urokinase may 
be hazardous and is not reconmerded. Before be- 
ginning urokinase infusion in vatieits being treated 
with heparin, the effects of heparin should be aliowed 
to decrease, as evidenced by ethrombin time of less 
than twice normal or an actiated partial thrombo- 
plastin time {APTT} of fess than one end one-half times 
normal. Similarly, heparin shoud be withheld fer four 
hours following urokinase therapy untess the pro- 
thrombin time is in the normal range. 

Rethrombosis has been observed after completion 
of urokinase treatment, in order to minimize this risk, 
administration of intravenous heparin followed Ly oral 
anticoagulant therapy is considered a necessary 
Adjunct following urokinase therapy (see Dosage and 
Administration). 


Use in Pregnancy 
See Contraindications, 
Use in Children 


Safety and effectiveness of arok nase therapy in 
childfen have not been established: therefore, treat- 
ment of such patients is not recommended. 


Precautions 
Drug Interactions 


Drugs that may alter platelet anction, e/g. aspirin, 
indomethacin, and phenylbutazcne should beavoided 
during urokinase treatment The interaction of 
BREOKINASE with other drugs has not been studied. 


Laboratory Monitoring 


In patients who have received neperin, the thrombin 
time or APTT should be measured prior to starting 
urokinase. (See Warnirigs.) Sinrtarly. the prothrombin 
time should be monitored dusing and following uro- 
kinase therapy priorto instituting heparin. (See Dosage 
and Administration.) During urcxinase administration, 
the levels of fibrinogen. plasminogen, Factor V., and 
Factor VII are usually substantielly decreased, and the 
level of fibrin and fibrinogen degradation products 
(FDP/idp) is increased, Reducad fibrinogen, and in- 
creased FDP/fdp result in a prolongation cf the 
prothrombin time. Changes in these tests serve as 
confirmation of the existence of 2 -ytic state. There 
are no data to indicate that aieration of dosage is 
required on the basis of these tets, dithough-as a gen- 
eral rule the prothrombin time shouid not oe allowed 
to increase above 30 seconds. 


Urokinase infusion should be terminated immediately 
if serious bleeding occurs. 
Adverse Reactions 


Careful observance of the contrzincications, warnings, 
and precautions to the use of urokinase is essential to 
minimize the incidence and severity of adverse effects. 


Bleeding 
incidence 
in controlied clinical trials cf streptokinase and 
urokinase, severe bleeding (recuiring a transfusion of 


sible after the occurrence 


greater than two units of blood) was seen in 4% of 
streptokinase patients and 6% of patients receiving 
urokinase. Several fatalities due to cerébral hemor- 
rhage have occurred during urokinase therapy. 

Spontaneous bleeding of a less severe degree has 
been. observed during urokinase treatment at about 
twice the frequency g$ that occurring during heparin 
therapy. Oozing of blood from sites of skin puncture 
is frequent; therefore, all invasive procedures, espe- 
cially arterial punctures and intramuscular injections, 
should be avoided and intravenous punctures kepttoa 
minimum before anda .during treatment with urokinase. 

Amoderate decrease in hematocrit notaccompanied 
by: clinically detectable bleeding was observed in about 
20% of patients treated with urokinase. 


Management of Severe Bleeding 


Urokinase therapy mist be discontinued if serious 
bleeding occurs. Packed red cells are indicated for 
large blood loss, Plasma volume expanders (other than 
Dextran) may be used to replace blood valume deficit. 
Whole blood may als> be used if it alone is available. 
The use of aminocafroic acid (ACA, AMICAR®) in 
humans as an antidote for urokinase has not. been 
documented, but its’ use may be considered if the 
hemorrhage is unre3D6nsive to blood replacement 
(see Warnings). 

Allergic Reactions: 


Urokinase is a protein of human origin, and in vitro as 
well as intradermal tests in humans gave no evidence 
of induced antibody fcrmation. However the possibility 
of serious allergic reactions (including anaphylaxis} 
occurring during its usé cannot be excluded. There 
have been rare repors of relatively mild allergic.,reac- 
tions, e.g., bronchospasm and skin rash. 


Fever: 


Febrile episodes occurred in about 2-3% of urokinase- 
treated patients. A ceusal relationship to urokinase 





„has not been established. Symptomatic treatment with 


acetaminophen rather” that aspirin is usually sufficient. 
Dosage and Administration 
Preparation x 


Reconstitute each val of Breokinase. by aseptically 
adding 8.0 ml of Sterile Water for Injection, U.S.R (it is 
important that only Szerile Water for Injection, U.S.P, 
without preservatives, be used. Bacteriostatic Water 
for Injection or othe® diluents should not be used.) 
Swirl gently to avoid foaming. Do Not Shake. Because 
Breokinase contains fo preservatives, it should not be 
reconstituted until immediately before using. Any un- 
used portion of the raconstituted material should be 
disearded. 

Each mi of reconstituted Breokinase contains 
31,250 C.T.A. Units of urokinase activity. 


Dosing 
Breokinase is Intended for Intravenous Infusion Only 


Urokinase:treatment chould be begun as soon as pos- 
nce of pulmonary embolism, and 
no fater than five days-efter onset. A primirig or loading 
dose of 2000 CTA, Gnits/Ib (4400 C.T.A. Units/kg) of 
reconstituted Breokifiase is given over a period of 
ten minutes. This is falowed by a continuous infusion 
of 2000 C.TA. Unitszibzħr (4400 C.TA. Units/kg/hr} 
for 12. hours. 

A constant infusion pump independent of all other 
intravenous systems shauld be used. Do fot expose 
reconstituted solution:to excessive heat, such as high 
intensity lights, during administration. 


Anticoagulation Following Breokinase Treatment. 


At the. end of Breokinase infusion, treatment with 
heparin by continuous intravenous infusion followed 
by oral anticoagulant therapy is recommended to mini- 
mize rethrombosis. Heparin treatment should begin 
4 hours after Breokinase infusion, or sġọner if the 
prothrombin time ħas returned to normal. See manu- 
facturers prescribing? information for proper use of 
heparin. 


How Supplied 

















Breokinase is supplied aşsa sterile lyophilized prepara- 
tion. Each vial contains 250,000 C.T.A, Units of 
urokinase activity and approximately o9 millimols 
sodium prosphatos: The vials should be stored at or 
below 4 





a Seoni Laboratories inc. 
j 90 Park Avenue 
40016 
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REVIEWS 


+ scp lan le cl a Ne Ss an a, Se Se ed 


Hypertrophic Cardiomyopathy 


Recent Observations Regarding the Specificity of Three Hallmarks of the Disease: 
Asymmetric Septal Hypertrophy, Septal Disorganization and 
Systolic Anterior Motion of the Anterior Mitral Leaflet 


BARRY J. MARON, MD, FACC Neither asymmetric septal hypertrophy (ASH), marked cell disorgani- 
STEPHEN E. EPSTEIN, MD, FACC zation in the ventricular septum nor systolic anterior motion of the antefior 
mitral leaflet (SAM) is pathognomonic of hypertrophic cardiomyopathy. 
However, each is uncommonly found in patients with other cardiac dis- 
orders and is therefore a highly specific hallmark of hypertrophic car- 
diomyopathy. Disproportionate septal thickening does occur in about 10 
percent of older children and adults with various acquired or congenital 
heart diseases. In these patients it usually appears to be secondary to the 
underlying hemodynamic state. However, disproportionate septal thick- 
ening is the usual finding in the developing embryonic and fetal heart and 
it is relatively common (prevalence rate about 25 percent) in normal 
neonates and infants with congenital heart disease. 

Likewise, although cell disorganization in the ventricular septum may 
occur with other cardiac malformations, extensive disorganization is 
present in about 90 percent of patients with hypertrophic cardiomyopathy 
and in only about 5 percent of patients with other cardiac diseases. Finally, 
systolic anterior motion of the anterior mitral leaflet is characteristic of 
those patients with hypertrophic cardiomyopathy who have obstruction 
to left ventricular outflow, and it rarely appears (prevalence rate about 
3 percent) under basal conditions in other hemodynamic states or cardiac 
diseases. Hence, in analyses comprising over 1,600 patients the specificity 
of asymmetric septal hypertrophy, marked septal disorganization and 
systolic anterior motion of the anterior mitral leaflet was at least 90 percent 
(90, 93 and 97 percent, respectively). Furthermore, the sensitivity of 
extensive septal disorganization for hypertrophic cardiomyopathy was 
90 percent. 

The data currently available therefore suggest that the vast majority 
of patients fulfilling the basic anatomic criteria for hypertrophic cardio- 
myopathy (that is, a hypertrophied nondilated left ventricle in the absence 
of a cardiac or systemic disease that itself could produce left ventricular 
hypertrophy) have a distinct disease entity with diverse clinical mani- 
festations. The majority of such patients appear to have a genetically 
transmitted disease, but it is not known precisely what proportion of these 
patients have phenotypically similar but etiologically separate disease 
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7 
several investigators,?-!2 particularly those in Be- 
thesda,” London* and Toronto,®!° defined many of 
the clinical, hemodynamic and pathologic features of 
hypertrophic cardiomyopathy. Their studies were 
largely confined to patients who manifested left ven- 
tricular outflow tract obstruction, and for this reason 
the disease bore several names that emphasized its ob- 
structive nature: muscular subaortic stenosis, hyper- 
trophic obstructive cardiomyopathy (HOCM) or idio- 
pathic hypertrophic subaortic stenosis (IHSS). - 
In the late 1960’s and early 1970’s echocardiography 
-was utilized to define two important features of hy- 
pertrophic cardiomyopathy. First, systolic anterior 
motion of the anterior mitral leaflet (SAM) was de- 
scribed in those patients with obstruction to left ven- 
tricular outflow.!*-!6 Second, asymmetric septal hy- 
pertrophy (ASH) was identified as the characteristic 
anatomic abnormality of virtually all patients within 
_the broad disease spectrum of hypertrophic cardiomy- 
-opathy, whether or not outflow obstruction was 
present. 17-20 
The observation by M mode echocardiography that, 
in-patients with hypertrophic cardiomyopathy, ven- 
- tricular septal thickness usually exceeded that of the 
_ posterior left ventricular free wall by a ratio of 1.3 or 
morei”? confirmed the anatomic observations made 
by others at necropsy.?!:22 Also, Teare’s observation that 
the disproportionately thickened ventricular septum 
in hypertrophic cardiomyopathy contained large 
numbers of hypertrophied, bizarrely shaped and dis- 
organized cardiac muscle cells was subsequently verified 
by several morphologic studies utilizing light and elec- 
“itron microscopy.23-33 
. Although it is now apparent that asymmetric septal 
hypertrophy, septal disorganization and systolic ante- 
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FIGURE 1. Occurrence of asyrnmetric septal hypertrophy (ASH), 
marked septal disorganization and systolic anterior motion of the an- 
terior leaflet of the mitral vaive (SAM) in normal cardiac development 
and in patients with acquired or congenital heart disease. * = involving 
§ percent or more of the relevant parts of the tissue section. HCM = 
hypertrophic cardiomyopathy; LV = left ventricular. 


rior motion of the anterior mitral leaflet cannet be re- 
garded as pathognomonic hallmarks of hypertrophic 
cardiomyopathy, data recently accumulated indicate 
that these three abnormalities nevertheless are char- 
acteristic and highly specific features of patients with 
hypertrophic cardiomyopathy. Because of the impor- 
tance of this subject it seems appropriate at this time 
to summarize our views regarding these most. recent 
observations, which have helped extend the under- 
standing of this intriguing disease. 

Although ASH, septal disorganization and systolic 
anterior motion of the anterior mitral leaflet are im- 
portant hallmarks of hypertrophic cardiomycpathy, 
they are by no means the only criteria used in making 
the diagnosis of this disease. However, this review is 
limited to a consideration of these three characteristic 
features of the disease and is not intended to be either 
a comprehensive analysis of all clinical and pathologic 
findings in hypertrophic cardiomyopathy or an inclusive 
guide to the diagnostic evaluation of patients with this 
complex disorder. 


Asymmetric Septal Hypertrophy* 


Prevalence in other cardiac diseases: Despite the 
initial belief that asymmetric septal hypertrophy might 
be a pathognomonic marker of hypertrophic cardio- 
myopathy," subsequent studies *4-°° showed that this 
was not the case (Fig. 1). During the past 3 years we have 
analyzed M mode echocardiograms and necropsy 
specimens from more than 900 patients who had either 
a normal heart or cardiac diseases other than hyper- 
trophic cardiomyopathy in order to determine the 
prevalence of abnormal septal/free wall thickness ratios 
(1.3 or greater) in different cardiac states.°4-36.39.40 
Analysis of ventricular wall thicknesses with echocar- 
diography or at necropsy in 523 children or adults with 
various congenital or acquired heart diseases showed | 
that about 10 percent had disproportionate thickening 
of the ventricular septum relative to the left ventricular 
free wall (Fig. 2); this thickening was apparently sec- 
ondary to the underlying cardiac abnormality anc not 
a manifestation of associated hyperzrophic cardicmy- 
opathy. Hence, although a septal/free wall ratio of 1.3 
or greater is not pathognomonic of hypertrophic car- 
diemyopathy, the specificity (Table I) of an abnormal 
septal/free wall ratic for hypertrophic cardiomyopathy 
is extremely high (93 percent) (Table II). 

The exact prevalence of disproportionate septal 
thickening in patients who had other heart diseases 
was related to the particular underiying cardiac dis- 
ease and hemodynamic state (Fig. 3). Disproportionate 
septal thickening was most common (prevalence rate 
greater than 15 percent) in patients with lesions pro- 
ducing long-standing right ventricular hypertension, 


* The terms asymmetric septal hypertrophy (ASH) and dispropor- 
tionaie septal thickening (DST) are used in this review to describe the 
same gross anatomic abnormality (a hypertrophied ventricular septum 
that is at least 1.3 times the thickness of the left ventricular free wall). 
However, the former implies the existence of a primary cardiomyopathy 
and the latter a secondary form of disproportionate ventricular septal 
thickening. 
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L FIGURE 2. Distribution of ventricular septal to posterior left ventricular free wall thickness ratios (VS/PW) i in 523 children and adults with various 
-acquired or congenital heart diseases studied with echocardiography or at necropsy (closed circles), 105 consecutive patients with the-clinical. — 







was identified. 


such as pulmonary valve stenosis or primary pulmonary 

hypertension. It was less common (9 to 15 percent) in 

patients with Eisenmenger’s syndrome, acquired aortic 

or both aortic and.mitral valve disease, or coronary ar- 

tery disease, and it was distinctly uncommon (less than 

7 percent) in patients with isolated mitral valve disease 

. or systemic hypertension (without associated coronary 

artery disease). In our experience, we have not yet ob- 

served disproportionate septal thickening in patients 

_ with uncomplicated left to right shunts (atrial or ven- 

tricular septal defect), dilated (congestive) cardiomy- 

opathy or forms of left ventricular outflow obstruction 
other than hypertrophic cardiomyopathy. 

- In patients with cardiac lesions producing a pre- 

_ dominant right ventricular overload, the prevalence of 

~ disproportionate septal thickening correlated directly 








TABLE | 
Glossary of Terms 





Specificity = Percent of negative results in patients 
without hypertrophic cardiomyopathy 


È True negative 
True negative + False positive 


Sensitivity = Percent of all patients with hypertrophic 
cardiomyopathy who: manifest an 
abnormal test 


True positive x 
= True positive + False negative 

















January 1980 The American Journal of CARDIOLOGY Volume 45 


_ features of hypertrophic cardiomyopathy studied with echocardiography during 1979 (open circles) and 107 normal adult subjects studied with — 
echocardiography (triangles). The frequency distribution curve for 523 patients with acquired or congenital heart disease is based on echocardiographic 
observations i in 274 patients and on necropsy findings in 249 patients. The frequency distribution curves for echocardiographic and necropsy populations 
- similar and are therefore combined here. Seven patients with an abnormal septal free wall ratio were excluded from an original group of 530 

Children and adults with various acquired or congenital heart diseases®?-5+-5° because coexistent genetically transmitted hypertrophic cardiomyopathy 


with right ventricular systolic pressure. Dispropor- 
tionate septal thickening was-not present in patients. - 
with a right ventricular pressure of 40 mm Hg or less, _ 
but was present in 7 percent of patients with a pressure — 
of 41 to 60 mm Hg and in 21 percent of patients with _ 
pressure of more than 60 mm Hg (Fig. 4). However, right 
ventricular hypertension is not the sole factor respon- 

sible for the genesis of disproportionate septal thick- 
ening. Indeed, the latter occurred in almost 10 percent _ 


TABLE Il 


Specificity and Sensitivity of Three Halimarks of 
Hypertrophic Cardiomyopathy Assessed With 
Echocardiography or at Necropsy in 1,664 Patients 








Extensive’ 
Septal me 
ASH Disorganization SAM 
Sensitivity * 90% ł : 
Specificity 90% 93% 97% 
Patients (n) §23 420 721 





* it was not possible to calculate a meaningful figure for the sensitivity __ 
of ASH because its presence has been utilized at our institution 
evidence for hypertrophic cardiomyopathy during the past 7 years. 

t involving. 5 percent or more of the relevant areas of the tissue 
section. : 

} A figure for the sensitivity of marked SAM was not calculated: 
cause this abnormality is usually limited to only those patients with 
hypertrophic cardiomyopathy in whom obstruction to left ventricula 
outflow is present. ; 

ASH = asymmetric septal hypertrophy (septal-free wail thicknes 
ratio 1.3 or greater); SAM = systolic anterior motion of the anterior — 
mitral leaflet (assessed with echocardiography). - 
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% OF PATIENTS WITH DST 





PS PPH AVD+ ES AVD CAD MVD Hyper- ASD, VSD, 
MVD tension DCMP, 
Other LVOT 
Lesions 
FIGURE 3. Prevalence of disproportionate septal thickening (DST) with 
respect to associated cardiac lesion. Each bar represents combined 
total of patients studied with echocardiography and at necropsy; the 
numbers at the top of bars denote patients studied in each subgroup. 
Seven patients with an abnormal septal/free wall ratio were excluded 
from an original group of 530 children and adults with various acquired 
or congenital heart diseases?®34-36 because coexistent genetically 
transmitted hypertrophic cardiomyopathy was identified. ASD = atrial 
septal defect; AVD = aortic valve disease; CAD = coronary artery 
disease; DCMP = dilated (congestive) cardiomyopathy; ES = Eisen- 
menger syndrome; LVOT = left ventricular outflow tract obstruction; 
MVD = mitral valve disease; PPH = primary pulmonary hypertension; 
PS = pulmonary valve stenosis; VSD = ventricular septal defect. 


(6 of 64) of our patients with normal right ventricular 
pressure and predominant left ventricular overload. 
There are two other situations in which an abnormal 
septal/free wall thickness ratio may occur in a patient 
with acquired or congenital heart disease. First, 
transmural scarring with loss of muscle and marked 


% OF PATIENTS WITH DST 





RV SYSTOLIC PRESSURE (mm Hg) 


FIGURE 4. Relation between right ventricular (RV) systolic pressure 
and prevalence of disproportionate septal thickening (DST), shown for 
cardiac lesions producing predominant right ventricular overload. The 
greater prevalence of disproportionate septal thickening in patients with 
elevated right ventricular systolic pressure compared with those with 
normal pressures reached statistical significance (p <0.05). 


thinning of the left ventricular free wall (Fig. 5) in the 
area through which the ultrasonic beam would pass 
during life may be present in patients with valvular or 
coronary heart disease?543-48.51 and occasionally may 
be the principal determinant of an abnormal septal/free 
wall ratio (“disproportionate thinning” of the left ven- 
tricular free wall).*°-43 Echocardiographic studies also 
have shown that some of the patients with clinically 
evident inferior myocardial infarction have an abnormal 
septal/free wall ratio usually due primarily to com- 
pensatory ventricular septal thickening.*? Second, 
difficulty is frequently encountered in defining the right 
ventricular surface of the septum on echocardiography. 
Thus, echocardiographic overestimation of ventricular 
septal thickness may result from spurious incorporation 
of tricuspid valve structures into the measurement of 
septal thickness. The septal limb of the crista supra- 
ventricularis (Fig. 6) and right ventricular muscle 
bundles or trabeculae may also be mistaken for the right 
side of the septum, particularly in patients with severe 
right ventricular hypertension. 

Distinguishing secondary disproportionate 
septal thickening from primary hypertrophic 
cardiomyopathy: Identification of an abnormal sep- 
tal/free wall ratio on echocardiography in a patient with 
cardiac disease other than hypertrophic cardiomyopa- 
thy presents a diagnostic dilemma for the clinician. Does 
the patient have two diseases—an acquired or congen- 
ital heart malformation as well as genetically trans- 
mitted hypertrophic cardiomyopathy—or is the pa- 
tient’s abnormal septal/free wall ratio only secondary 
to the underlying cardiac malformation and not a 
manifestation of hypertrophic cardiomyopathy (Fig. 7)? 
This question has important practical implications. If 
genetically transmitted hypertrophic cardiomyopathy 





FIGURE 5. Heart of a patient with coronary artery disease. The abnormal 
septal/free wall ratio (2.0) is due primarily to marked scarring with loss 
of muscle (caused by a healed myocardial infarct) in the left ventricular 
free wall (arrow). This is the area of the free wall through which an ul- 
trasonic beam would theoretically have passed during life. The ven- 
tricular septum (VS) shows moderate “compensatory” thickening and 
measures 20 mm; left ventricular free wall thickness in the area of 
scarring is 10 mm. Reproduced from Maron et al.35 with permission of 
the American Heart Association Inc. 
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is present in a patient with another cardiac disease, the 
underlying cardiomyopathy may contribute indepen- 
dently to the patient’s symptoms and clinical course. In 
contrast, secondary disproportionate septal thickening 
probably exerts no practical influence on the clinical 
course of the patient with acquired or congenital heart 
disease. 

Unfortunately, we have not been able to discriminate 
reliably between these two possibilities simply by 
analysis of such echocardiographic measurements as 
septal/free wall ratio or absolute ventricular septal 
thickness. For example, although the vast majority of 
patients with secondary disproportionate septal 
thickening had a “borderline” septal/free wall ratio (1.3 
or 1.4), 20 percent had a ratio of 1.5 or greater. Similarly, 
although most patients with secondary disproportionate 
septal thickening had relatively mild ventricular septal 
thickening (less than 20 mm), 15 percent had more 
marked thickening. Other workers*® have suggested that 
patients with posterior (“inferior”) left ventricular wall 
infarction and an abnormal septal/free wall ratio may 
be distinguished echocardiographically from patients 
with true hypertrophic cardiomyopathy by the minimal 
systolic thickening of the left ventricular free wall and 


FIGURE 6. Heart of a 10 year old girl with primary pulmonary hyper- 
tension. The heart is sectioned in a plane parallel to the long axis of the 
left ventricle. The broken line indicates the probable point of division 
between the septal band of the crista supraventricularis (CS) and the 
true ventricular septum (VS). During life an ultrasonic beam would most 
likely have passed through both the hypertrophied crista supraventri- 
cularis and the ventricular septum. Because a boundary would not be 
distinguishable between these two structures, ventricular septal 
thickness would be considerably overestimated. LV = left ventricular 
free wall; RV = right ventricular wall. 
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diminished free wall excursion relative to that of the 
septum found in patients with prior infarction. 

In our experience bedside examination has not 
proved a reliable means of determining, in a patient 
with an abnormal septal/free wall ratio associated with 
another cardiac or systemic disease, whether the septal 
thickening is secondary or is indicative of an associated 
primary cardiomyopathy (that is, hypertrophic car- 
diomyopathy). Rather we have found that the most 
practical method of making this distinction is echo- 
cardiographic study of closely related family members. 
It is our view? as well as that of other investigators’ 
that in the vast majority of instances hypertrophic 
cardiomyopathy is genetically transmitted as an auto- 
somal dominant trait with a high degree of penetrance. 
Thus, the probability is only about 3 percent that five 
first degree relatives of a patient with hypertrophic 
cardiomyopathy will each have a negative echocardio- 
graphic study. Hence, the absence of asymmetric septal 
hypertrophy in five or more first degree adult relatives 
of a patient with an abnormal septal/free wall ratio and 
acquired or congenital heart disease strongly suggests 





FIGURE 7. Longitudinally sectioned heart of a 43 year old woman with 
severe mitral regurgitation who died after mitral valve replacement. 
The ventricular septum (VS) is disporportionately thickened with respect 
to the left ventricular (LV) free wall. It was not possible to discern de- 
finitively whether the septal thickening in this patient was secondary 
to acquired mitral valve disease or was a manifestation of primary hy- 
pertrophic cardiomyopathy, because the patient's first degree relatives 
were not available for echocardiographic studies. 
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_ that the septal thickening present in the index case was 
. not a manifestation of genetically transmitted disease. 
Conversely, the presence of an abnormal septal/free wall 
ratio in one or more relatives suggests the presence of 
a primary cardiomyopathy in the index case. 
Hence, we used echocerdiographic evaluation of 
- family members in initially studying our series of older 
children and adults with acquired or congenital heart 
disease and an abnormal septal/free wall ratio. In 
~~ addition, if the index patient died, sections of ventric- 
_- ular septum were analyzed at necropsy for the presence 
of marked disorganization of cardiac muscle cells (a 
“highly specific and sensitive feature of hypertrophic 
-cardiomyopathy®) (Tables I and II). By utilizing one 
or both of these methods we found that in the popula- 
tion studied an abnormal septal/free wall ratio was 
_ usually not a manifestation of genetically transmitted 
- hypertrophic cardiomycpathy; that is, evidence of as- 
-sociated hypertrophic cardiomyopathy was present in 
-only 7 of 55 patients with an abnormal ratio. Specifi- 
cally, (1) in only 4 (15 percent) of 26 families studied 
_ with echocardiography {in which the index case had 
< both: an associated cardiac lesion and an abnormal 
_septal/free wall ratio) did one or more first degree rel- 
-atives also have asymmetric septal hypertrophy; (2) in 
Just 3.(0 percent) of 29 other patients with an abnormal 
_ septal/free wall ratio was marked ventricular septal 
disorganization present at necropsy; and (3) the uni- 
- modal distribution curve of septal/free wall thickness 
ratios for the population of patients with acquired or 
congenital heart disease suggests that the abnormal 
- gatios found in this group represent only the extreme 
-end of a continuous spectrum and not a separate disease 
_ (Fig. 2). This distribution contrasts with the apparent 





bimodal distribution curve found in a populaticn of first 
degree relatives of patients with hypertrophie cardio- 
myopathy (Fig. 8). The features of both primary hy- 
pertrophic cardiomyopathy and secondary dispropor- 
tionate septal thickening are summarized in Table 
Ill. 

Other reports have described the association of 
clinically evident hypertrophic cardiomyopathy or 
muscular subaortic obstruction with a heterogeneous 
assortment of congenital®+® or acquired®6-*2 heart 
diseases, as well as diseases not usually associated with 
cardiac malformations.7*-8? However, in the majority 
of patients described in those studies the presence or 
absence of disproportionate ventricular septal thick- 
ening or genetic transmission of hypertrophic cardio- 
myopathy in family members was not documented, 
making it difficult to relate the findings of those studies 
to the concepts discussed here. 

Disproportionate septal thickening in the normal 
developing and neonatal heart and in infants with 
congenital heart disease: Disproportionate septal 
thickening is also a characteristic feature of the devel- 
oping human heart, particularly in the earliest stages 
of embryonic life.4*-83 In an analysis of 151 normal 
hearts at various stages of development (embryo, fetus 
and young infant), we found that a septal/free wall 
ratio of 1.3 or greater was present in more than 90 per- 
cent of embryos and young fetuses. Disproportionate 
septal thickening was also present in 65 percent of older 
fetuses and 25 percent of live-born infants without 
congenital heart disease (only 12 percent of those over 
2 weeks of age). 

Disproportionate thickening of the septum was quite 
marked in young embryos, and a septal/free wall ratio 
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FIGURE 8. Distribution of ventricular septal to posterior left ventricular free wall thickness ratios (VS/PW) in 523 children and adults with various 

“-aequired and congenital heart diseases studied with echocardiography or at necropsy (closed circles), 101 first degree relatives of patients with 
hypertrophic cardiomyopathy studied with echocardiography (triangles) and 120 infants with congenital heart disease studied at necropsy (open 
circles). Seven patients with an abnormal septal/free wail ratio were excluded from an original group of 530 children and adults with acquired or 
congenital heart diseases, 5*+-5€ and five patients were excluded from an original group of 125 infants with congenital heart disease®° because - 
coexistent genetically transmitted hypertrophic cardiomyopathy was identified. 
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` Comparison of Features of Primary Hypertrophic Cardiomyopathy and Secondary Disproportionate Septal Thickening 








Abnormal 
VS/PW 
Hypertrophic cardiomyopathy (primary) Present 
=. Disproportionate. septal thickening (secondary) Present 
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Associated VS/PW = 1.3 in 1° Disorganized Subaortic 
Cardiac Relatives Cells in Obstruction 
Lesions by Echo Septum at Rest* 

Uncommon Present 25%! Common 

Present Absent <si Uncommon - 





* Assessed either with cardiac catheterization or echocardiographic studies {that is, presence of systolic anterior motion of the anterior mitrat- = 


leaflet). 





t Percent area of the relevant parts of the tissue section that are occupied by disorganized cardiac muscle cells.°¢ 
“¥S/PW = ventricular septal to posterior left ventricular free wail thickness ratio. 


of greater than 2.0 was a frequent finding in this group. 
However, during subsequent pre- and postnatal growth, 
septal/free wall thickness ratios gradually diminished 
in a curvilinear fashion and disproportionate septal 
: thickening became progressively less common. This 
decrease in septal/free wall ratio appears to occur be- 
> cause the ventricular septum, which is markedly thicker 
"than the left ventricular free wall in the earliest stages 
__ of development, increases in thickness at a slower rate 
than the left ventricular free wall during subsequent 
: cardiac growth, particularly after birth (Fig. 9). Before 
_ birth, the rate of growth of the left ventricular free wall 
- -is 20 percent greater than that of the ventricular sep- 
_ “tum: after birth, it is 33 percent greater than that of the 
septum. 

Because disproportionate thickening of the ventric- 
ular septum is a characteristic anatomic feature of both 
the normal developing heart**:*? and the heart with 
hypertrophic cardiomyopathy, it is possible that 
asymmetric septal hypertrophy in patients with hy- 
pertrophic cardiomyopathy represents postnatal per- 
sistence of a normal anatomic feature of the embryonic 
- heart. However, it is more likely that the development 
of asymmetric septal hypertrophy in patients with hy- 
_» pertrophic cardiomyopathy occurs by mechanisms in- 
_ dependent of those intrinsic to normal cardiac devel- 
_ opment. Support for this hypothesis is provided by the 
_ absence of marked disorganization of ventricular septal 
architecture in the normal developing heart.* It is also 
possible that cell disorganization occurs at a later stage 






log VENTRICULAR WALL 
THICKNESSES (log p) 


- FIGURE 9. Changes in ventricular septal and left ventricular 
. -d V} free wall thicknesses before and after birth in the de- 
- veloping normal human heart. C-R = crown-rump. 





in the evolution of the disease and is not a necessary 
feature of hypertrophic cardiomyopathy at the time 
that asymmetric septal hypertrophy has already become 
evident. 

Disproportionate septal thickening is also.a common. 
finding in infants with various congenital heart mal- 
formations other than hypertrophic cardiomyopa- _ 
thy394 (Fig. 8). In a necropsy study of 120 such infants 
who died in the first 2 years of life (most of whom had 
malformations associated with right ventricular hy- 
pertension), 26 (22 percent) were found to have a sep- 
tal/free wall thickness ratio of 1.3 or greater. Serial 
echocardiographic studies suggest that this dispropor- 
tionate thickening of the septum present in infants with 
congenital heart disease (as well as in normal infants) 
is transient and usually disappears by age 2, primarily 
because continued thickening of the posterior left- 
ventricular wall exceeds. that of the ventricular 
septum, *¢ 

Utility of septal/free wall ratio in the diagnosis - 
of hypertrophic cardiomyopathy: There has been 
some disagreement among investigators regarding the 
most appropriate septal/free wall ratio for identifying 
adult patients with hypertrophic cardiomyopathy. We: 
have defined. disproportionate ventricular septal 
thickening as a septal/free wall thickness ratio of 1.3 or 
greater. 17.20.34-36,39.40 Other investigators have advo- — 
cated a ratio of 1.5 or 1.6 as being more specific. 187984 
Clearly, there is no single correct “cut point” for sep- 
tal/free wall thickness ratio. As Figure 2 demonstrates, 
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shifting the line to a higher ratio will increase specificity 

at the expense of decreasing sensitivity, Thus, although 

an occasional, presumably normal subject and a mi- 

nority of patients with other acquired or congenital 
< cardiac diseases may have a “borderline” septal/free 
wall thickness ratio of 1.3 or 1.4, approximately 15 
percent of patients with typical hypertrophic cardio- 

myopathy will also have a ratio in this range and about 

5 percent will even have a normal ratio of less than 1.3 

(Fig. 2). Hence, just as a septal/free wall ratio of 1.3 or 
-greater does not, in itself, confirm the diagnosis of hy- 
- pertrophic cardiomyopathy, a ratio of less than 1.3 does 
-nöt exclude the diagnosis of hypertrophic cardiomy- 
opathy. 

Similar problems arise if a ventricular septal 
thickness of 15 mm or greater (in addition to a sep- 
_ tal/free wall ratio of 1.3 or greater) is required to es- 

tablish the diagnosis of hypertrophic cardiomyopathy 
in. an -average-sized adult patient (it should be em- 
_phasized that absolute ventricular septal thickness is 
“related to age and body surface area®*). Such a re- 

‘quirement would minimize overdiagnosis resulting ei- 
-ther from variation within the normal population or 
< from inaccuracies inherent in measurements of wall 
thickness. Nevertheless, several of our patients with 
-hypertrophic cardiomyepathy and asymmetric septal 
hypertrophy have had a septal thickness of 13 or 14 mm 
and occasionally such a patient has died suddenly and 
unexpectedly. Hence, we do not believe it is appro- 

priate to adhere rigidly to a particular lower diagnostic 
> limit of septal thickness when evaluating a patient for 
possible hypertrophic cardiomyopathy. 

The selection of 1.3 as the criterion for dispropor- 
tionality between septal and free wall thicknesses 
emanates from necropsy”! and echocardiographic 
~-gtudies performed primarily in adult patients, and it 
‘was not specifically designed for application in infants 
with heart disease. Indeed, when septal/free wall ratios 
are calculated from absolute wall thickness values that 
< are very small (as is the case in infants), minor differ- 
ences in the thicknesses of ventricular septum and left 
~ ventricular free wall may yield calculated ratios con- 
_ siderably greater than unity and lead to a false positive 
diagnosis of hypertrophic cardiomyopathy. Hence, the 
thickness ratio of 1.3 or greater should not be applied 
_ routinely as the sole criterion for diagnosing hypertro- 
phic cardiomyopathy in infants% or young children, 
= particularly because an abnormal septal/free wall ratio 

-is so common in normal neonates and infants with 

‘congenital heart diseases-other than hypertrophic car- 
_ diomyopathy.®°.45.83 Also necessary for establishing the 
_ diagnosis of hypertrophic cardiomyopathy in such pa- 

tients is (1) a ventricular septum that is clearly thicker 
_ than normal in absolute terms; (2) evidence of genetic 

transmission of asymmetric septal hypertrophy in first 
degree relatives, and (3) if necropsy evaluation is pos- 
sible, marked disorganization of septal architecture. 

Hypertrophic cardiomyopathy in infants must also 
be distinguished clinically from a transient nonfamilial 

condition that has recently been described in infants 

-of diabetic mothers.®7-® ‘These latter infants charac- 


teristically manifest disproportionate septal thickening, 
systolic anterior motion of the anterior mitral leaflet 
(associated with a left ventricular outflow gradient) and 
symptoms and signs suggestive of congestive heart 
failure. Such infants of diabetic mothers, unlike those 
with “true” hypertrophic cardiomyopathy, usually show 
symptomatic improvement (spentaneously, with the 
termination of digitalis treatment, or with propranolol 
therapy), loss of outflow obstruction (and systolic an- 
terior motion of the anterior mitral leaflet) and regres- 
sion of septal hypertrophy within the first few months 
of life. This clinical entity is probably a manifestation 
of the generalized organomegaly present in infants of 
diabetic mothers rather than of a primary cardiomyo- 
pathic process.8? 

Discrepancies between detection of asymmetric 
septal hypertrophy on echocardiography and at 
necropsy: Problems in diagnosing hypertrophic car- 
diomyopathy frequently arise in the patient who was 
identified as having an abnormal septal/free wall 
thickness ratio during life, but whose septal thickness 
was not disproportionately greater than that of the 
posterior left ventricular wall at necropsy. In a com- 
parative echocardiographic and necropsy study of nine 
patients with an abnormal septa!/free wall ratio of 1.3 
or greater during life, six had a ratio that was not diag- 
nostic of disproportionate septal thickening at ne- 
cropsy.°° We found that these discrepancies could be 
explained in the following way. The echocardiographic 
measurements during life were made in diastole (as per 
convention), whereas the measurements at necropsy 
were made in hearts that appeared to be in the systolic 
phase of the cardiac cycle. When these patients were 
alive, the left ventricular free wall thickened consider- 
ably more than did the septum in systole, as determined 
with echocardiography, resulting in septal/free wall 
ratios in systole that were consistently smaller than‘ 
those in diastole. However, the septal/free wall ratios 
calculated from systolic measurements corresponded 
closely to those obtained at necropsy. 

The implication of these findings is that the diag- 
nosis of hypertrophic cardiomyopathy cannot always 
be established by simple measurement of the relative 
thicknesses of ventricular septum and left ventricular 
free wall at necropsy. In these instances, the presence 
of a hypertrophied nondilated left ventricle (in the ab- 
sence of other cardiac or systemic diseases that can 
produce left ventricular hypertrophy) should in itself 
lead to the presumptive diagnosis of hypertrophic car- 
diomyopathy.* Ancillary observations would also aid 
in establishing the diagnosis, including the typical 
clinical, hemodynamic and echocardiographic features 
of hypertrophic cardiomyopathy during life and a 
documented family history of hypertrophic cardiomy- 
opathy. Of additional aid is the finding of a fibrous en- 


* However, even this definition of hypertrophic cardiomyopathy has 
its occasional exceptions because certain patients with this disease 
who experience chronic, progressive congestive heart failure associ- 
ated with transmural myocardial infarction (in the absence of significant 
atherosclerosis of the extramural coronary arteries) may actually show ~ 
left ventricular dilatation.°" 
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_ docardial plaque on the ventricular septum adjacent to 
a thickened anterior mitral leaflet, or marked disorga- 
nization of cardiac muscle cells in the ventricular 
septum. 

Potential role of two-dimensional echocardiog- 

-raphy in defining the distribution of myocardial 

hypertrophy in hypertrophic cardiomyopathy: 
Preliminary experience with wide angle two dimen- 
sional echocardiography suggests that this technique 
may be useful in defining the distribution of left ven- 
tricular hypertrophy in patients with hypertrophic 
cardiomyopathy9?> and in many instances may pro- 
vide structural information not available from con- 
ventional M mode echocardiography alone. While the 
latter usually identifies the asymmetric nature of the 
cardiac hypertrophy in patients with hypertrophic 
cardiomyopathy (and, hence, the principal gross ana- 
tomic marker of the disease), it may not provide infor- 
mation about the true distribution of hypertrophy 

-within the entire left ventricular wall. For example, in 
_ patients with hypertrophic cardiomyopathy, the M 

-mode ultrasonic beam generally passes through the 

__ thickest portion of the left ventricular wall, the anterior 

_ ventricular septum, and also through the thinnest 

-portion of the left ventricular wall, the posterior free 
_ wall. However, wide angle two dimensional echocardi- 

ography has demonstrated that the anterolateral left 
- ventricular free wall (as well as the posterior portion of 
the ventricular septum) may also be markedly hyper- 
trophied in these patients. Furthermore, wide angle two 
dimensional echocardiography has shown great vari- 
ability in the distribution of ventricular septal hyper- 
trophy; patients with hypertrophic cardiomyopathy 
may have hypertrophy principally either in the upper 
one third, the upper two thirds or the lower one third 
of the ventricular septum.” 


Cell Disorganization in the Ventricular Septum 


After publication of Teare’s initial report, several 
other investigators? observed a bizarre disorganized 
arrangement of cardiac muscle cells in the ventricular 
_ septum of patients who died of hypertrophic cardio- 
_ myopathy. However, as was the case with asymmetric 
septal hypertrophy, it soon became apparent that dis- 
organized septal architecture was not a pathognomonic 
feature of hypertrophic cardiomyopathy (Fig. 1). Small 
aréas of disorganization were described in the ventric- 
ular septum of some patients with various acquired or 
congenital heart diseases,°+-°6.45.96 as well as in normal 
infants,®? and infants who died suddenly without evi- 
dence of structural cardiac disease.” 

Quantitative histologic method to determine 
extent of cell disorganization: Although these find- 
ings have led some investigators to question the use- 
fulness of septal disorganization as a diagnostic marker 
_ of hypertrophic cardiomyopathy,4563.6496 it was our 
> impression that the distinction between disordered 
: septal architecture occurring in hypertrophic cardio- 
_ myopathy or in other cardiac diseases depended pri- 
. marily on the extent to which the disorganization was 
<- present. Hence, a quantitative histologic method was 
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devised that permitted a more critical assessment of the _ 
relative area of septal myocardium occupied by disor- 
ganized cells.32 In brief, hematoxylin-eosin stained 
tissue sections were photographed and the images were ` 
enlarged sufficient to occupy 30 by 40 inch (75 by 100 
cm) positive prints; this enlargement resulted in an. 
average magnification of about 5,000 times the original 
tissue section. A transparent cellulose overlay was then _ 
placed over the print and areas of myocardium occupied: 
by disorganized cardiac muscle cells were demarcated 
on the overlay. Each area into which the tissue section 
had been divided was then quantitated by means of a. 
video planimetry system. oe 

In developing this quantitative method we found 
that septal disorganization was present more fre- 
quently and to a greater extent in tissue sections ob- _ 
tained perpendicular to the long axis of the left ven- _ 
tricle (that is, transverse plane), than in sections cut- 
parallel to the long axis of the left ventricle. Hence, we _ 
have now quantitatively analyzed tissue sections òb- 
tained in the transverse plane at necropsy from 60 pa- 
tients with hypertrophic cardiomyopathy and 360 
control patients (including infants, children and adults 
with a variety of congenital or acquired heart diseases 
or normal hearts).2233 With this quantitative method, ` 
marked septal disorganization (involving 5 percent or 
more of the relevant areas of the tissue section) was 
found to be both a highly sensitive (90 percent) and 
specific (93 percent) histologic marker of hypertrophic 
cardiomyopathy (Tables I and H). 

Septal disorganization was present in 95 percent of 
the patients with hypertrophic cardiomyopathy 
studied. Disorganization was extensive in these pa- 
tients, involving 5 percent or more of the relevant areas,- 
of the tissue section in 90 percent of the patients, 25- 
percent or more of the tissue section in more than 50- 
percent of the patients and 50 percent or more in about - 
25 percent of the patients (Fig. 10). The mean area of © 
ventricular septum disorganized was 31 percent in pa- 
tients with hypertrophic cardiomyopathy. 

In the control patients, septal disorganization was 
relatively uncommon, being present in about 20 percent — 
of the 360 control patients studied, and it was usually 
quite limited in extent. In only 7 percent of the control — 
patients studied did abnormally arranged cells occupy 
5 percent or more of the tissue section and in only I- 
percent did disorganized cells involve 25 percent or | 
more of the section (Fig. 10). The mean area of ven= 
tricular septum disorganized was only about 1 percent. _ 
in the control patients and, hence, substantially less 
than in patients with hypertrophic cardiomyopathy tp- 
<0.001). Hence, it is not the presence, as such, of dis- 
organized cardiac muscle cells in the ventricular sep- 
tum that distinguishes patients with hypertrophic | 
cardiomyopathy from patients with other heart dis- — 
eases (or those with normal hearts), but rather the | 
extent to which disorganization is present. ` 

We also found that marked septal disorganization. 
linked patients within the broad clinical and pathologic _ 
spectrum of this disease; that is, disorganization was __ 
present and did not differ appreciably in extent in those’ _ 
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¿patients either with or without symptoms before death, 
with asymmetric and symmetrie (concentric) ventric- 
ular wall thickening at necropsy or with or without ob- 
struction to left ventricular outflow. In addition, the 

presence or extent of septal disorganization was not 
related to absolute heart weight and, hence, cannot be 

-considered simply a manifestation of marked cardiac 

< hypertrophy. 

Etiology of cardiac muscle cell disorganization: 
‘The origin of this cell disorganization is not definitively 
known. The quantitative histologic findings just cited 

< suggest that extensive cell disorganization may be a 
primary derangement of septal architecture—that is, 
a morphologic manifestation of the underlying genetic 

defect. known to be present in a large proportion of pa- 

_tients with hypertrophic cardiomyopathy. However, 

_ other investigators favor the theory that septal disor- 

-ganization results secondarily from unique mechanical 

“stresses to which the left ventricle in hypertrophic 
cardiomyopathy is exposed. In particular, Bulkley et 

-al 0 have recently proposed that septal disorganization 
in hypertrophic cardiomyopathy is due to a prolonged 
period of isometric contraction during mid and late 
ventricular systole. As support for this theory these 
Investigators cited the presence of disorganized cardiac 

-muscle cells in the small ventricular septum of infants 
who died of aortic or pulmonary valve atresia (with as- 
‘sociated hypoplastic ventricular cavity), cardiac diseases 
in which prolonged isometric contraction may also occur 
during life. However, we have found no morphologic 
‘evidence to support this theory. Our quantitative his- 
tologic analysis of 33 infants with aortic or pulmonary 
atresia?” showed that the extent of septal disorganiza- 
tion in these hearts was quite limited (mean area of 
ventricular septum disorganized about 2 percent), was 
significantly less than that in patients with hypertrophic 
cardiomyopathy (mean area of septum disorganized 31 
percent; p <0.001), and did not differ substantially from 


that found ina group of 91 infants with other congenital 
heart diseases associated with normal-sized or dilated 
ventricular cavities (mean area of septum disorganized 
about 1 percent). 

It should be emphasized that reference to disordered 
septal architecture in this review pertains specifically 
to malalignment between cardiac muscle cells. Light 
and electron microscopie studies of plastic-embedded 
ventricular septal myocardium from patients with hy- 
pertrophic cardiomycpathy have shown that beth dis- 
organized and normally arranged cells frequently show 
disarray of myofibrils and myofilaments.°6.27 Hewever, 
disarray of these intracellular contractile elements has 
also been described in normally arranged muscie cells 
in human beings and animals with a variety of normal 
or diseased cardiac states,26.93-102 and it appears to be 
a relatively nonspecific morphologic alteration. 


Systolic Anterior Motion of the 
Anterior Mitral Leaflet 


Correlation with ventricular outflow obstruc- 
tion: In patients with hypertrophic cardiomyopathy, 
left ventricular outflow tract narrowing and obstraction 
are produced by apposition of the anterior mitral leaflet 
{often together with chordae tendineae) against the 
hypertrophied ventricular septum during mid sys- 
tole.!4-16,103-110 This abnormal systolic anterior motion 
of the anterior mitral leaflet is a characteristic 
finding in patients with hypertrophic cardiomyopathy 
and outflow obstruction, and has been demonstrated 
with both angiography!®-!6 and echocardiogra- 
phy.!3-16.107-109 Systolic anterior motion of the anterior 
nutral leaflet has also been used to estimate the severity 
of left ventricular outflow tract obstruction in hyper- 
trophic cardiomyopathy.!®!07 In this regard, the mag- 
nitude and duration of such systolic anterior metion 
have been shown to correlate well with the magnitude . 
of the intraventricular gradient measured at cardiac 
catheterization under basal conditions and with pro- 
vocative maneuvers, and have also been shown to be 
diminished or absent after operation (when the outflow 
gradient has been abolished). H512 This relation. be- 
tween systolic anterior motion of the anterior mitral 
leaflet and outflow obstruction has been disputed by 
others.*!: 113.114 However, it has been our experience that 
when the anterior leaflet cf the mitral valve makes 
prolonged contact with the septum, true anatomic ob- 
straction is almost invariably present. Conversely, when 
systolic anterior motion of the anterior mitral leaflet is 
not present, obstruction is almost always absent. 

Occurrence in other cardiac diseases and he- 
modynamic states: Just as asymmetric septal hyper- 
trophy and septal disorganization cannot be considered 
pathognomonic hallmarks of hypertrophic cardiomy- 
opathy, systolic anterior motion of the anterior mitral 
leaflet also has been shown with echocardiography to 
oceur occasionally in a variety of other diseases and 
hemodynamic states (Fiz. 1). The phenomenon of 
“pseudo SAM,” which does not represent a true ab- 
normality of mitral valve motion, has recently been 
reviewed! and will not be considered further here. 
Systolic anterior motion of the anterior mitral leafiet 
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FIGURE 11. Echocardiogram recorded in a 47 year old man with concentric ventricular hypertrophy (and normal systemic blood pressure). Systolic 
anterior motion of the anterior mitral leaflet (SAM) is not present under basal conditions (Pre-amyl) but is present with the administration of amyl 
nitrite. IVS = ventricular septum; MV = mitral valve. Reproduced from Maron et al.132 with permission of the American Heart Association, Inc. 


has been identified in patients with complete (-d) 
transposition of the great vessels,!!16-120 aortic valve 
stenosis,*! aortic regurgitation,!2! hypovolemic shock,!?? 
discrete subaortic stenosis,!?° glycogen storage 
(Pompe’s) disease of the heart,!?4 Friedreich’s ataxia 
with or without disproportionate septal thickening,!?° 
tunnel subaortic stenosis,!2° acquired valve disease 
associated with secondary disproportionate septal 
thickening,!2’ coarctation of the aorta,*? ischemic heart 
. disease!!° and hypertensive heart disease.!?8!29 Our 
review of published data disclosed primarily isolated 
reports of true systolic anterior motion of the anterior 
mitral leaflet in patients with cardiac diseases other 
than hypertrophic cardiomyopathy, and the majority 
of these reports describe relatively mild degrees of 
systolic anterior motion. The contention that true sys- 
tolic anterior motion rarely occurs in the absence of 
hypertrophic cardiomyopathy is supported by echo- 
cardiographic data obtained (under basal conditions) 
in a large population of 721 infants, children and adults 
with a variety of cardiac and systemic diseases (un- 
published data). True systolic anterior motion of the 
anterior mitral leaflet was present in only 3 percent of 
the overall study group, and hence the specificity of this 
finding for hypertrophic cardiomyopathy was extremely 
high (97 percent, Table II). However, the finding was 
particularly common (21 percent) in a subgroup of 51 
patients with d-transposition of the great vessels.116-119 
When the study group, exclusive of those patients with 
transposition of the great vessels was analyzed, the 
prevalence of systolic anterior motion was only 1.6 
percent. About 75 percent of these patients with systolic 
anterior motion (and diseases other than transposition 
of the great vessels) had disproportionate thickening of 
the ventricular septum. Hence, systolic anterior motion 
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of the anterior mitral leaflet proved to be a particularly 
uncommon finding in a patient population with a nor- 
mal septal/free wall thickness ratio (prevalence rate 0.4 
percent; specificity 99 percent). 

Nevertheless, systolic anterior motion of the anterior 
mitral leaflet is not a particularly sensitive marker for 
hypertrophic cardiomyopathy. This is necessarily true 
because, when marked, systolic anterior motion is al- 
most invariably present only in patients with obstruc- 
tion to left ventricular outflow; such patients represent 
a minority of all patients within the wide disease spec- 
trum of hypertrophic cardiomyopathy. 

Concentric (symmetric) hypertrophy: Systolic 
anterior motion of the anterior mitral leaflet (associated 
with hemodynamically documented left ventricular 
outflow obstruction) has also been described in patients 
without evidence of ventricular hypertrophy on echo- 
cardiographic study,!!5131 as well as in patients with 
concentric (symmetric) hypertrophy of the left ventri- 
cle.!13,182-134 Qur experience!®? with the latter group 
indicates that most such patients demonstrate clinical, 
hemodynamic and angiographic features of typical 
hypertrophic cardiomyopathy. Some of these patients 
have evidence of genetic transmission of asymmetric 
septal hypertrophy and therefore their condition rep- 
resents a variant of hypertrophic cardiomyopathy. 
Others, however, have no evidence of genetic trans- 
mission and must be regarded as having an idiopathic 
form of left ventricular hypertrophy. An example of 
systolic anterior motion of the anterior mitral leaflet in 
such a patient is illustrated in Figure 11. Hence, it ap- 
pears that systolic anterior motion of the anterior mitral 
leaflet does occur, although rarely, in patients who have 
concentric hypertrophy not related to genetically 
transmitted hypertrophic cardiomyopathy. 


January 1980 The American Journal of CARDIOLOGY Volume 45 151 


HYPERTROPHIC: CARDIOMYOPATHY-——-MARON AND EPSTEIN 


10. 


11. 


42. 


13. 


References 


. Teare D. Asymmetrical hypertrophy of the heart in young patients. 


Br Heart J 1958; 20:1-8. 


. Braunwald E, Morrow AG, Corneli WP, Aygen MM, Hilbish TF. 


idiopathic hypertrophic subgortic stenosis. Clinical, hemodynamic 
and angiographic manifestations. Am J Med 1960; 29:924-45. 


. Braunwald E, Brockenbrough EC, Morrow AG. Hypertrophic 


subaortic stenosis—a broadened concept. Circulation 1962; 
26:16 1-5. 


z Braunwald E, Lambrew CT, Rockoff SD, Ross J Jr, Morrow AG. 


idiopathic hypertrophic subaortic stenosis: |. A description of the 
disease based upon an analysis of 64 patients. Circulation 30: 
Suppl IV: 1964; IV-3-119. 


. Ross J, Braunwald E, Gault JH, Mason DT, Morrow AG. The 


mechanism of the intraventricular pressure gradient in idiopathic 
hypertrophic subaortic stenosis. Circulation 1966; 34:558-78. 


. Goodwin JF, Hollman A, Cleland WP, Teare RD. Obstructive 


cardiomyopathy simulating aortic stenosis. Br Heart J 1960; 
22:403- 14. 


. Cohen J, Effat H, Goodwin JF, Oakley CM, Steiner RE. Hyper- 


trophic obstructive cardiomyopathy. Br Heart J 1964; 26:16- 
32. 


: Goodwin JF. Congestive ard hypertrophic cardiomyopathies: a 


decade of study. Lancet 1970; 1:731-9. 


» Wigle ED, Heimbecker RO; Gunton RW. Idiopathic ventricular 


septal hypertrophy causing muscular subaortic stenosis. Circu- 
lation 1962; 26:325-40. 

Wigle ED, Lenkei SCM, Chrysohou A, Wilson DR. Muscular 
subaortic stenosis: the effect of peripheral vasodilatation. Can 
Med Assoc J 1963; 89:896~9. 

Brent LB, Aburano A, Fisher DL, Moran TJ, Myers JD, Taylor WJ. 
Familial muscular subaortic stenosis: an unrecognized form of 
“idiopathic heart disease,” with clinical and autopsy observations. 
Circulation 1960; 21:167-88. 

Criley JM, Lewis KB, White RI Jr, Ross RS. Pressure gradients 
without obstruction. A new concept of “hypertrophic subaortic 
stenosis.” Circulation 1965; 32:88 1-7. 

Shah PM, Gramiak R, Kramer DH. Ultrasound location of left 
ventricular outflow obstruction in hypertrophic obstructive car- 


--diomyopathy. Circulation 1959; 40:3-11. 


“4 
45. 

16. 
7 
18. 
40. 
20. 


22. 
23. 


24. 


25. 


152 


Popp RL, Harrison DC. Ultrasound in the diagnosis and evaluation 
of therapy in idiopathic hypertrophic subaortic stenosis. Circu- 
lation 1969; 40:905-14. 

Pridie RB, Oakley CM. Mechanism of mitral regurgitation in hy- 
pertrophic obstructive cardiomyopathy. Br Heart J 1970; 32: 
203-8. 

Shah PM, Gramiak R, Adelman AG, Wigle ED. Role of echo- 
cardiography in diagnostic and hemodynamic assessment of 
hypertrophic subaortic stenosis. Circulation 1971; 44:891-8. 
Henry WL, Clark CE, Epstein SE. Asymmetric septal hypertrophy 
{ASH}: echocardiographic identification of the pathognomonic 
anatomic abnormality of IHSS. Circulation 1973; 47:225-33. 


“Abbasi AS, MacAipin RN, Eber LM, Pearce ML. Echocardio- 


graphic diagnosis of idiopathic hypertrophic cardiomyopathy 
without outflow obstruction. Circulation 1972; 46:897-904. 
Abbasi AS, MacAipin RN, Eber LM, Pearce ML. Left ventricular 
hypertrophy diagnosed by echocardiography. N Engl J Med 1973; 
289:118-21. : 

Epstein SE, Henry WL, Clark CE, et al. Asymmetric septal hy- 
pertrophy. Ann Intern Med 1974; 31:650-80. 

Menges H, Brandenburg RO, Brown AL. The clinicai, hemody- 
namic and pathologic diagnosis of muscular subvalvular arotic 
stenosis. Circulation 1961; 24:1126-36. 

Roberts WC. Valvular, subvalvular and supravalvular aortic ste- 
nosis: morphologic features. Cardiovasc Clin 1973; 5:104-26. 
Pare JA, Fraser RG, Pirozynski WJ, Shanks JA, Stubington D. 
Hereditary cardiovascular dysplasia: a form of familial cardio- 
myopathy. Am J Med 1961; 34:37-62. 

Wigle ED, Adelman AG, Silver MD. Pathophysiological consid- 
erations in muscular subaortic: stenosis. In: Wolstenhoime GEW, 
O'Connor M, eds. Hypertrophic Obstructive Cardiomyopathy, 
CIBA Foundation Study Group:no. 37. London: Churchill, 197 1: 
63-76. 

Van Noorden $, Olsen EG, Pearse AG. Hypertrophic obstructive 


. 


26, 


27. 


28. 


29. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


45. 


January 1980 The American Journal of CARDIOLOGY Volume 45 


cardiomyopathy. A histological, histochemical and ultrastructural 
study of biopsy material. Cardiovasc Res 1971; 5:118-31. 
Ferrans VJ, Morrow AG, Roberts WC. Myocardial ultrastructure 
in idiopathic hypertraphic subaortic stenosis. A study of opera- 
tively excised left ventricular outflow tract muscle in 14 patients. 
Circulation 1972; 45:769-92. 

Maron BJ, Ferrans VJ, Henry WL, et al. Differences in distribution 
of myocardial abnormalities in patients with obstructive and 
nonobstructive asymmetric septal hypertrophy (ASH): light and 
electron microscopic findings. Circulation 1974; 50:436-46. 
Maron BJ, Edwards JE, Henry WL, Clark CE, Bingle G, Epstein 
SE: Asymmetric septal hypertrophy (ASH) in infancy. Circulation 
1974; 50:809-20. 

Pomerance A, Davies MJ. Pathological features of hypertrophic 
obstructive cardiomyopathy (HOCM}) in the elderly. Br Heart J 
1975; 37:305-12. 


. Knieriem H-J, Stroobandt R, Meyer H, Bourgeois M. Hyper- 


trophic non-obstructive cardiomyopathy caused by disorder of 
the myofiber texture. Virchows Arch [Pathol Anat] 1975; 367: 
209-18. 

Maron BJ, Henry WL, Clark CE, Redwood DR, Roberts WC, 
Epstein SE. Asymmetric septal hypertrophy in childhood. Cir- 
culation 1976; 53:9-48. 

Maron BJ, Roberts WC. Quantitative analysis of cardiac muscle 
cell disorganization in the ventricular septum of patients with 
hypertrophic cardiomyopathy. Circulation 1979; 59:689-706. 
Maron BJ, Sato N, Foberts WC, Edwards JE, Chandra RS. 
Quantitative analysis of cardiac musele cell disorganization in 
the ventricular septum: comparison cf fetuses and infants with 
and without congenital heart disease and patients with hyper- 
trophic cardiomyopathy. Circulation 1979; 60:685-96. 

Maron BJ, Clark CE, Henry WL, et al. Prevalence and charac- 
teristics of disproportionate ventricular septal thickening in pa- 
tients with acquired or congenital heart disease: echocardio- 
graphic and morphologic findings. Circulation 1977; 55:489- 
96. 

Maron BJ, Savage DD. Clark CE, et ai. Prevalence and charac- 
teristics of disproportionate ventricular septal thickening in pa- 
tients with coronary artery disease. Circulation 1978; 57:250- 
5. 

Maron BJ, Edwards JE, Epstein SE. Prevalence and character- 
istics of disproportionate ventricular septal thickening in patients 
with systemic hypertension. Chest 1978; 73:466-70. 
Goodman DJ, Harrison DC, Popp RL. Echocardiographic features ` 
of primary pulmonary hypertension. Am J Cardiol 1974; 33: 
438-43. 

Abbasi AS, Slaughter JC, Allen MW. Asymmetric septal hyper- 
trophy in patients on tong-term hemodialysis. Chest 1978; 74: 
548-51. 

Maron BJ, Edwards JE, Moller J, Epstein SE. Prevalence and 
characteristics of disproportionate ventricular septal thickening 
in infants with congenital heart disease. Circulation 1979; 59: 
126-33. 

Maron BJ, Edwards JE, Ferrans VJ, et al. Congenital heart 
malformations associated with disproportionate ventricular septal 
thickening. Circulation 1975; 52:926-32. 

Feizi O, Emanuel R. Echocardiographic spectrum of hypertrophic 
cardiomyopathy. Br Heart J 1975; 37:1286-302. 
Chandraratna PAN, Tolentino AO, Mutucumarana W, Gomez 
AL. Echocardiographic observations on the association between 
mitral valve prolapse and asymmetric septal hypertrophy. Cir- 
culation 1977; 5§:622-5. 

Henning H, O’Rourke RA, Crawford MH, Righetti A, Karliner JS. 
inferior myocardial infarction as.a cause of asymmetric septal 
hypertrophy. An echocardiographic study. Am J Cardiol 1978; 
41:817-22. 


. Roeske WR, O'Rourke RA, Klein A, Leopold G, Karliner JS. 


Noninvasive evaluation cf ventricular hypertrophy in professional 
athletes. Circulation 1976; 53:286-91. 

Bulkley BH, Weisfeldt ML, Hutchins GM. Asymmetric septal 
hypertrophy and myocardial fiber disarray: features of normal, 
developing and malformed hearts. Circulation 1977; 56:292- 
9. 





47. 
48. 


49. 


50. 


61. 


52. 
2 bk 
: $5, 


56. 


57. 
58. 


59. 


60. 


S 


63. 
64. 
65. 


66. 





68. 


.. Larter WE, Allen HD, Sahn DJ, Goldberg SJ. The asymmetrically 


hypertrophied septum. Further differentiation of its causes. Cir- 
culation 1976; 53:19-27. 

ten Cate FJ, Hugenholtz PG, van Dorp WG, Roelandt J. Preva- 
lance of diagnostic abnormalities in patients with genetically 
transmitted asymmetric septal hypertrophy. Am J Cardiol 1979; 
43:731-7. 

Stern A, Kessler KM, Hammer WJ, Kreulen TH, Spann JF. 
Septai-free wall disproportion in inferior infarction: the echo- 
cardiographic differentiation from hypertrophic cardiomyopathy. 
Circulation 1978; 58:700-6. 

Scovil JA, Nanda NC, Gross CM, et al. Echocardiographic studies 
of abnormalities associated with coarctation of the aorta. Cir- 
culation 1976; 53:953-6. 

Bulkley BH, Weisfeldt ML, Hutchins GM. isometric cardiac 
contraction. A possible cause of the disorganized myocardial 
pattern of idiopathic hypertrophic subaortic stenosis. N Engi J Med 
1977; 296:135-9. 

Corya BC, Rasmussen S, Feigenbaum H, Knoebel SB, Black 
MJ. Systolic thickening and thinning of the septum and posterior 
wall in patients with coronary artery disease, congestive car- 
diomyopathy and atrial septal defect. Circulation 1977; 55: 
4109-14. 

Clark CE, Henry WL, Epstein SE. Familial prevalence and genetic 
transmission of idiopathic hypertrophic subaortic stenosis. N Engl 
d Med 1973; 289:709-14. 

van Dorp WG, ten Cate FJ, Vietter WB, Dohmen H, Roelandt J. 
Familial prevalence of asymmetric septal hypertrophy. Eur J 
Cardiol 1976; 4:349-57. 

Molthan ME, Paul MH, Lev M. Common A-V orifice with pulmo- 
nary valvular and hypertrophic subaortic stenosis. Am J Cardiol 
4962; 10:291-7. 

King SM, Vogel JHK, Blount SG. idiopathic muscular subvalvular 
aortic stenosis with associated congenital cardiovascular lesions. 
Am J Cardiol 1965; 15:837-47. 

Somerville J, McDonald L. Congenital anomalies in the heart with 
hypertrophic cardiomyopathy. Br Heart J 1968; 30:7 13-22. 
Adad WA, Pietras RJ, Bliss HA. Left ventricular outflow-tract 
obstruction with an ostium primum defect. Arch intern Med 197 1; 
125:70 1-4. 

Shem-Tov A, Deutsch V, Yahini JH, Neufeld HN. Cardiomyopathy 
associated with congenital heart disease. Br Heart J 1971; 33: 
782-93. 

Chung KJ, Gramiak R, Manning JA. Echocardiographic diagnosis 
of hypertrophic obstructive cardiomyopathy coexisting with fixed 
left ventricular outflow obstruction in children (abstr). Circulation 
1973; 48: Suppl IV:IV-126. 

Block PC, Powell WJ Jr, Dinsmore RE, Goldblatt A. Coexistent 
fixed congenital and idiopathic hypertrophic subaortic stenosis. 
Amd Cardiol 1973; 31:523-6. 

Freed MD, Rosenthal A, Plauth WH Jr, Nadas AS. Development 
of subaortic stenosis after pulmonary artery banding. Circulation 
1973: 47, 48 Supp! [lt H-7—10. 

Doyle EF, Arumugham P, Lara E, Rutkowski MR, Kiely B. Sudden 
death in young patients with congenital aortic stenosis. Pediatrics 
1974; 53:48 1-9. 

Becu L, Somerville J, Gailo.A. “Isolated” pulmonary valve ste- 
nosis as part of more widespread cardiovascular disease. Br Heart 
J 1976; 38:472-82. 

Somerville J, Becu L. Congenital heart disease associated with 
hypertrophic cardiomyopathy. Johns Hopkins Med J 1977; 
1440:15 1-62. 

Buxton AE, Morganroth J, Josephson ME, Perloff JK, Shelburne 
JC: isolated dextroversion of the heart with asymmetric septal 
hypertrophy. Am Heart J 1976; 92:785-90. 

Parker DP, Kaplan MA, Connolly JE. Coexistent aortic valvular 
and functional hypertrophic subaortic stenosis. Am J Cardiol 
4969; 24:307-17. 


67. Nanda NC, Gramiak R, Shah PM, Stewart S, DeWeese JA. 
-Eehocardiography in the diagnosis of idiopathic hypertrophic 
< Subgortic stenosis coexisting with aortic valve disease. Circulation 
4974; 50:752-7. 


-dohnson AD, Lonky SA, Carleton RA. Combined hypertrophic 


ao ee subaortic stenosis and calcific aortic valvular stenosis. Am J 


69. 


70. 


71. 


72. 


73. 


74. 


75, 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


HYPERTROPHIC ‘CARDIOMYOPATHY--MARON AND. EPSTEIN. 


Cardiol 1975; 35:706~9. : 

Gulotta SJ, Hamby RI, Aronson AL, Ewing K. Coexistent idio- 
pathic hypertrophic subaortic stenosis arid coronary arterial 
disease. Circulation 1972; 46:890-6. 

Marcus GB, Popp RL, Stinson ED. Coronary artery disease with 
idiopathic hypertrophic subaortic stenosis. Lancet 1974; 1: 
901-3. 

Walston A, Behar VS. Spectrum of coronary artery disease in 
idiopathic hypertrophic subaortic stenosis. Am J Cardiol 1976; 
38:12-6. 

Lardani H, Serrano JA, Villamil RJ. Hemodynamics and coronary 
angiography in idiopathic hypertrophic subaortic stenosis. Am 
J Cardiol 1978; 41:476-81. 

Hamby Ri, Roberts GS, Meron JM. Hypertension and hypertrophic- 
subaortic stenosis. Am J Med 1971; 51:474-81. 

Ehlers KH, Hogstrom JWC, Lukas DS, Redo SF, Engle MA. 
Glycogen storage disease of the myocardium with obstruction 
to left ventricular outflow. Circulation 1962; 25:96-109. 

Hoin AR, Lowe CU, Sokal JE, Lambert EC. Cardiac problems 
in the glycogenoses with specific reference to Pompe's disease. 
Pediatrics 1965; 35:3 13-21. : 
Gach JV, Andriange M, Franck G. Hypertrophic obstructive 
cardiomyopathy and Friedreich's ataxia. Report of a case and 
review of literature. Am J Cardiol 1971; 27:436~41. 
Ruschhaupt DG, Thilenius OG, Cassels DE. Friedreich's ataxia 
associated with idiopathic hypertrophic subaortic stenosis. Am ` 
Heart J 1872; 84:94-102. 

Ehlers KH, Engle MA, Levin AR, Deely WJ. Eccentric ventricular 
hypertrophy in familial and sporadic instances of 46 XX, XY Turner 
phenotype. Circulation 1972; 45:639-52. 

Nghiem QX, Toledo JR, Schreiber MH, Harris LC, Lockhart LL, 
Tyson KRT. Congenital idiopathic hypertrophic subaortic stenosis 
associated with a phenotypic Turner's syndrome. Am J Cardiol 
1972; 30:683-9. 

Polani PE, Moynahan EJ. Progressive cardiomyopathic lentigi- 
nosis. Q J Med (new series XLI) 1972; 162:205-28. 

Nora JJ, Nora AH, Sinha AK, Spangler RD, Lubs HA. The Uil- 
rich-Noonan syndrome (Turner phenotype). Am J Dis Child 
127:48-55, 1974. 

Symons C, Richardson PJ, Feizi O. Hypertrophic cardiomyopathy 
and hyperthyroidism: a report of three cases. Thorax 1974; 29: 
713-9. 

Maron BJ, Verter J, Kapur S. Disproportionate ventricular septal 
thickening in the developing normal human heart. Circulation 
1978; 57:520-6. 

Criley JM, Blaufuss AH, Abassi AS. Nonobstructuve IHSS [letter]. 
Circulation 1975; 52:963. 

Henry WL, Ware J, Gardin JM, Hepner Si, McKay J, Weiner M. 
Echocardiographic measurements in normal subjects. Growth- 
related changes that occur between infancy and early adulthood. 
Circulation 1978; 57:278-85. 

Maron BJ, Lipson LC, Roberts WC, Savage DD, Epstein SE. 
“Malignant” hypertrophic cardiomyopathy: identification of a 
subgroup of families with unusually frequent premature deaths. 
Am J Cardiol 1978; 41:1133-40. 

Gutgeseli HP, Mullins CE, Gillette PC, Speer M, Rudolph AJ, 
McNamara DG. Transient hypertrophic subaortic stenosis in in- 
fants of diabetic mothers. J Pediatr 1976; 89:120-5. 

Way GL, Ruttenberg HD, Eshaghpour E, Nora JJ, Wolfe RR. 
Hypertrophic obstructive cardiomyopathy in infants of diabetic 
mothers {abstr}. Circulation 1976; 53, 54: Suppl l:11-105. 
Gutgesell HP, Speer M, Rosenberg HS. Further characterization 
of the hypertrophic cardiomyopathy of infants of diabetic mothers. 
Circulation, in press 

Maron BJ, Henry WL, Roberts WC, Epstein SE. Comparison of 
echocardiographic and necropsy measurements of ventricular 
wall thicknesses in patients with and without disproportionate 
septal thickening. Circulation 1977, 55:341-5. 

Maron BJ, Epstein SE, Roberts WC. Hypertrophic cardiomyop- 
athy and transmural myocardial infarction without significant 
atherosclerosis of the extramural coronary arteries. Am J Cardiol 
1979; 43:1086-102. 

Tajik AJ, Seward JB, Hagler DJ. Detailed analysis of hypertrophic 
obstructive cardiomyopathy by wide-angle two-dimensional sector 


. 


January 1980 The American Journal of CARDIOLOGY Volume 45 153 





HYPERTROPHIC: CARDIOMYOPATHY--MARON AND EPSTEIN 


400. 


401, 
102. 
403. 
be 
405. 
108. 


407. 


408. 
109. 
410. 


ET. 


4792. 
#13. 


IM. 


154 


echocardiography (abstr). Am J Cardiol 1979; 43:348. 


. Martin RP, Rakowski H, French J, Popp RL. idiopathic hyper- 


irephic subaortic stenosis viewed by wide-angle, phased-array 
echocardiography. Circulation 1979; 59:1206—17. 


. Rakowski H, Gilbert BW, Drobac M, Vaughan-Neil T, Pollick C, 


Wigle ED. Anatomic variations in subgroups of hypertrophic 
cardiomyopathy as assessed by wide-angle two-dimensional 
echocardiography (abstr). Am J Cardiol 1979; 43:348. 


; Maron Bd, Gottdiener JS, Epstein SE. Patterns of distribution of 


left ventricular hypertrophy identified by wide-angle two-dimen- 
sipnal echo in a large population of patients with hypertrophic 
cardiomyepathy (abstr). Submitted for publication. 


. var der Bel-Kahn J. Muscie fiber disarray in common heart dis- 


eases. Am J Cardiol 1977: 40:355-64. 


. Maron BJ, Fisher RS. Sudden infant death syndrome (SIDS): 


cardiac pathologic observations in infants with SIDS. Am Heart 
J 1977; 93:762-6. 


. Ademian GE, Beazell JW, Furmanski M, Tan KS, Laks MM. The 


production of myofibrillar disarray in hearts of normal dogs pro- 
duced by chronic electrenic pacing (abstr). Circulation 1977; 
§5:Suppl i:l-204. 


i. Hibbs RG, Ellison JP. The atrioventricular valves of the guinea 


pig. IL. An ultrastructural study. Am J Anat 1973; 138:347-70. 
Knieriem H-J. Electron-microscopic findings in congestive car- 
diomyopathy. In: Kaitenbach M, Loogen F, Olsen EGJ, eds. Car- 
diomyopathy and Myccardial Biopsy. Berlin: Springer-Verlag, 
978:7 1-86. 

Cisen EGJ. Postmortem findings and histologic, histochemical 
and electron microscopic findings of myocardial biopsies. in Ref 
1090:5261. 

Kunkel B, Kober G, Kaltenbach M. Ultrastructural evaluations 
in early and advanced congestive cardiomyopathies. In Ref 
409:87-99, 

Simon AL, Ross J Jr, Gault JH. Angiographic anatomy of the left 
ventricle and mitral value in idiopathic hypertrophic subaortic 
stenosis. Circulation 1967; 36:852-67. 

Dinsmore RE, Sanders CA, Harthorne JW. Mitral regurgitation 
in idiopathic hypertrophic subaortic stenosis. N Engl J Med 1966; 
275: 1225-8. 

Fix P, Moberg A, Söderberg H, Karnell J. Muscular subvalvular 
Bortic stenosis: abnormal anterior mitral leaflet possibly the pri- 
mary factor. Acta Radiol [Diagn] (Stockh) 1964; 2:177-93. 
Adelman AG, McLaughlin MJ, Marquis Y, Auger P, Wigle ED. 
Left ventricular cineangiographic observations in muscular 
subaortic stenosis. Am J Cardiol 1969; 24:689-97. 

Henry WL, Clark CE, Glancy DL, Epstein SE. Echocardiographic 
measurement of the left ventricular outflow gradient in idiopathic 
hypertrophic subaortic stenosis. N Eng! J Med 1973; 288:989— 
83. 

Tajik AJ, Giuliani ER. Echocardiographic observations in idio- 
pathic hypertrophic subaortic stenosis. Mayo Clin Proc 1974; 
49:89-97. 

King JF, DeMaria AN, Reis RL, Bolton MR, Dunn MI, Mason DT. 
Echocardiographic assessment of idiopathic hypertrophic sub- 
aortic stenosis. Chest 1873; 64:723-31. 

Criley JM, Lennon PA, Abbasi AS, Blaufuss AH. Hypertrophic 
cardiomyopathy. In: Levine HJ, ed. Clinical Cardiovascular 
Physiology. New York: Grune & Stratton, 1976:77 1-827. 

Shah PM, Gramiak R, Adelman AG, Wigle ED. Echocardiographic 
assessment of the effects of surgery and propranolol on the dy- 
namics of outflow obstruction in hypertrophic subaortic stenosis. 
Circulation 1972; 45:515-21. 

Bolton MR, King JF, Polumbo RA, et al. The effects of operation 
on the echocardiographic features of idiopathic hypertrophic 
subaortic stenosis. Circulation 1974; 50:897-900. 

Rossen RM, Goodman DJ, ingham RE, Popp RL. Echocardio- 
graphic. criteria in the diagnosis of idiopathic hypertrophic sub- 
aortic stenosis. Circulation 1974; 50:747-51. 

King JF, DeMaria AN, Miller RR, Hilliard GK, Zelis R, Mason DT. 
Markedly abnormal mitral valve motion without simultaneous 


January 1980 The American Journal of CARDIOLOGY Volume 45 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


125. 


126. 


127. 


128. 


429. 


130. 


131. 


134. 


intraventricular pressure gradient due to uneven mitral septal 
contact in idiopathic hypertrophic subaortic stenosis. Am J Cardiol 
1974; 34:360-€. 

Mintz GS, Kotler MN, Segal BL, Parry WR. Systolic anterior 
motion of the mitral valve in the-absence of asymmetric septal 
hypertrophy. Circulation 1978, 57:256-62. 

Nanda NC, Gramiak R, Manning JA, Lipchik EQ. Echocardio- 
graphic features of subpulmonic obstruction in dextroposition of 
the great vessels. Circulation 1975; 51:515~21. 

Silverman NH, Payot M, Stanger P, Rudolph AM. The-echocar- 
diographic profite of patients after Mustard's operation. Circulation 
1978;.58: 1083-93. 

Park SC, Neches WH, Zurberbuhler JR, Matthews RA, Lenox 
CC, Ficker FJ. Echocardiographic and hemodynamic correlation 
in transposition of the great arteries. Circulation 1978; 57: 
291-8. 

Aziz KU, Paul MH, Muster AJ. Echographic localization of in- 
teratrial baffle after Mustard operation for dextrotransposition of 
the great arteries. Am J Cardio! 1976; 38:67-72. 

Aziz KU, Paul MH, Muster AJ. Echocardiographic assessment 
of left ventricular outflow tract in d-transposition of the great ar- 
teries. Am J Cardiol 1978; 41:543-51. 

Feigenbaum H. Echocardiography. 2nd ed. Philadelphia: Lea & 
Febiger, 1976: 137, 138. 

Bulkley BH, Fortuin NJ. Systolic anterior motion of the mitral valve 
without asymmetric septal hypertrophy. Chest 1976: 69:694- 


6. 

Davis RH, Feigenbaum H, Chang S, Konecke LL, Dillon JC. 
Echocardiographic manifestations of discrete subaortic stenosis. 
Am J Cardiol 1974; 33:277-80. 

Rees A, Elbi F, Minhas K, Solinger R. Echocardiographic evi- 
dence of outflow tract obstruction in Pompe's disease {glycogen 
storage disease of the heart). Am J Cardiol 1976; 37:1103-6. 
Gattiker HF, Davignon A, Bozie A, et al. Echocardiographic 
findings in Friedreich's ataxia. Can J Neurol Sci 1976; 3:329- 
32. 

Maron BJ, Redwood DR, Roberts WC, Henry WL, Morrow AG, 
Epstein SE. Tunnel subacrtic stenosis. Left ventricular outflow 
tract obstruction produced by fibromuscular tubular aarrowing. 
Circulation 1976; 54:404~16. 

Maron BJ, Gottdiener JS, Roberts WC, Hammer WJ, Epstein 
SE. Nongenetically transmitted disproportionate ventricular septal 
thickening associated with left ventricular outflow obstruction. 
Br Heart J 1979: 41:345-9. 

Savage DD, Drayer J, Henry WL, et al. Echocardiographic as- , 
sessment of cardiac anatomy and function in hypertensive 
subjects. Circulation 1979; §9:623-31. 

Toshima H, Koga Y, Yoshioka H, Akiyoshi T, Kimura N. Echo- 
cardiographic classification of hypertensive heart disease: a 
correlative study with clinical features. Jon Heart J 1975; 16: 
377-93. 

Maron BJ, Goitdiener JD, Perry L, Epstein SE. Specificity of 
systolic anterior motion of the anterior mitral leaflet (SAM) for 
hypertrophic cardiomyopathy: prevalence of SAM in a large 
population of patients with other cardiac or systemic diseases. 
Submitted for publication. 

Boughner DR, Rakowski H, Wigle D: Mitral vaive systclic anterior 
motion in the absence of hypertrophic cardiomyopathy (abstr). 
Circulation 1978; 57: Suppi tl-235. 


. Maron BJ, Gottdiener JS, Roberts WC, Henry WL, Epstein SE. 


Left ventricuiar outflow tract obstruction due to systolic anterior 
motion of the anterior mitral leaflet in patients with concentric 
left ventricular hypertrophy. Circulation 1978; 55:527--33. 


. Come PC, Bulkley BH, Goodman ZD, Hutchins GM, Pitt B, 


Fortuin NJ. Hypercontractile cardiac states simulating hyper- 
trophic cardiomyopathy. Circulation 1977; §5:901-€. 

Chahine RA, Raizner AE, ishimori T, Montero AC. Echocardio- 
graphic, haemodynamic and angiographic correlations in hy- 
pertrophic cardiomyopathy. Br Heart J 1977; 39:948-53. 


DIAGNOSTIC SHELF 








intracardiac Flow Pattern in Mitral Regurgitation Studied With 
Combined Use of the Ultrasonic Pulsed Doppler Technique and 
: Cross-Sectional Echocardiography 


_ KUNIO MIYATAKE, MD 

_ NAOKAZU KINOSHITA, MD 
SEIKI NAGATA, MD 

_ SHINTARO BEPPU, MD* 

_ YUNG-DAI PARK, MD 
IROSH] SAKAKIBARA, MD 
/ASUHARU NIMURA, MD* 


Osaka, Japan 












From the Division of Cardiology, Hospital and 
Research institute,” National Cardiovascular 
Center, Osaka, Japan. This study was supported 
in part by the Scientific Research Grants for Health 
“and Welfare Program of the Ministry of Health and 
Welfare of Japan in 1977, 1978 and 1979, and 
- Grant-in-Aid (487094) for Developmental Scientific 
_ Research from the Ministry of Education, Science 
ind Culture of Japan in 1979. Manuscript received 
July 80, 1979; accepted September 6, 1979. 
Address for reprints: Kunio Miyatake; MD, Di- 
on of Cardiology, National Cardiovascular 
enter Hospital, 125 Fulishiro-dai 5-chome, Suita, 
Osaka 585, Japan. 












Thirty patients with mitral regurgitation confirmed by left ventriculography 
were studied from a transcutaneous approach with combined use of the _ 
ultrasonic pulsed Doppler technique and cross-sectional echocardiog- 
raphy. The location of the abnormal Doppler signals was revealed with _ 
cross-sectional echocardiography, displayed in two dimensional im- — 
ages. : 
Abnormal Doppler signals, never detected in healthy subjects, were _ 
recorded during systole at the mitral area and in the left atrial cavity in oe 
patients with mitral regurgitation. 5 

In the left atrial cavity, these signals were detected in 11 patients. They - 
were either bidirectional or unidirectional and of a wide velocity range. _ 
The area in which these signals were detected was mapped on the _ 
cross-sectional echocardiogram, and the map was considered to show | 
the main direction and distribution of regurgitant flow from the mitral os- 
tium into the left atrial cavity. The main direction of the regurgitant flow — 
determined with this method closely coincided with that revealed by — 
angiocardiography. 

At the mitral area, abnormal Doppler signals were detected in 28 pa- 
tients. These signals were powerful, bidirectional and of a wide range of | 
velocity. It is believed that these signals indicate not only the mitral- 
regurgitant flow, but also the vibration of the mitral valve. Thus, the _ 
combined use of the ultrasonic pulsed-Doppler technique and cross- 
sectional echocardiography is advantageous for the transcutaneous de- 
tection and analysis of regurgitant flow in mitral regurgitation. 


The development of the ultrasonic pulsed Doppler technique! has: 

permitted noninvasive analysis, from a transcutaneous approach, of the | 
dynamics of intracardiac flow and its pathophysiologic meaning. In this- 
study, we applied the ultrasonic pulsed Doppler technique in combi- 
nation with M mode and cross-sectional echocardiography’ to analyze _ 
the intracardiac flow pattern in mitral regurgitation. 


Methods 


Patients: The study group comprised 30 patients, aged 25 to 66 years; with- 
mitral regurgitation and combined mitral stenosis and regurgitation. Patients. 
with both mitral regurgitation and an aortic valve lesion were included. Mitral — 
regurgitation was caused by rheumatic heart disease in 15 cases, ruptured __ 
chordae tendineae of the mitral valve in 5, prolapsed mitral leaflet in 3, subacute 
bacterial endocarditis in 2 and coronary heart disease in 2; the cause was ün- 
known in 3 patients. In all 30 patients, mitral regurgitation was confirmed with: 
cardiac catheterization and left ventriculography. Left ventriculography dem- = 
onstrated the following grades of mitral regurgitation according to the classifi 
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cation of Sellers et al: 1* in 3 patients, 2+ in 6, 3+ in 8 and 4+ 
: cin 13. Ten healthy subjects were also studied for compar- 
ison. 

Recording techniques: The equipment used consisted of 
_a-bidirectional ultrasonic pulsed Doppler flowmeter (Hitachi 
“Medico EUD-4Z) in combination with a cross-sectional 
ecthocardiograph (Aloka SSD-120). The frequency of the 
pulsed Doppler flowmeter was 2.5 megahertz and the pulse 
repetition rate was 4.5 kilohertz. The Doppler signal was re- 
corded simultaneously with the M mode echocardiogram, 
phonocardiogram and electrocardiogram using a strip chart 
“ yeeorder (Electronics for Medicine). The sampling site of the 
Doppler signal could be set at any depth from 0.5 to 15 em 

from the transducer and was displayed on the simultaneously 
- reeorded M. mode echocardiogram (Fig. 1). The width of 
sampling volume along the ultrasonic beam could be selected 
~-to be 2, 5 or 10 mm. 

The search for the Doppler signals was performed by 
“continuously moving the sampling site over a wide area around 
-the mitral ostium and in the left atrial cavity with monitoring 

by the M mode echocardiogram. Then the cross-sectional 
“echocardiogram was recorded along the long axis of the left 
ventricle at the phase of 100 ms after the R wave of the elec- 
trocardiogram, including the beam direction in which the 
abnormal Doppler signals were detected. After the direction 
of the Doppler beam and the sampling site were marked on 
the cross-sectional image, the Doppler signal at the site con- 
cerned was recorded with a real time, on-line sound spectro- 
graph, showing flows toward and away from the transducer 
below and above the baseline, respectively (Fig. 1). 


Results 


Normal Doppler signals in left atrium and at 
mitral ostium: The following brief description of the 
Doppler signals ebtained in the left atrial cavity and at 
the mitral ostium in the 10 healthy subjects provides a 
comparative basis for the findings in the patients with 
mitral regurgitation: 

When the ultrascnic beam was superiorly trans- 
mitted from the third or fourth left sternal border into 
the left atrial cavity (Fig. 2, Beam 1) in the normal 
subjects, low frequency Doppler signals were recorded 
below the baseline in diastole, indicating slow flows 
toward the transducer, which were considered to be 
related to the diastolic inflow into the left ventricle. No 
significant Doppler signal was recorded in systole. 

At the mitral ostium (Fig. 2, Beam 2) in these 
subjects, Doppler signals with two peaks were recorded 
below the baseline in diastole, indicating the mitral 
inflow from the atrium into the ventricle. In systole, only 
insignificant Doppler signals, believed to be caused by 
mitral valve motion, were recorded. 

Doppler signals obtained in patients with mitral 
regurgitation (Fig. 3): In the left atrial cavity, pan- 
systolic Doppler signals were recorded in some areas 
with the ultrasonic beam transmitted from the third or 
fourth left sternal border. These signals continved from 
the Doppler signal of mitral valve closure to that of 





FIGURE 1. Schematic diagram of the system for detecting intracardiac blood flow. Ao = aorta: ECG = electrocardiogram; IVS = interventricular 
septum; LA = left atrium; LV = left ventricle; PCG = phonocardiogram; UCG = ultrasound cardiogram (iA mode); 1, 2 and 3 = three ultrasonic beam 
directions in which Doppler signals are recorded; AWAY and TOWARD = direction of flow away and toward the transducer above and below the 


baseline, respectively. 
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mitral valve opening. They were either unidirectional 
or bidirectional and had a wide frequency range, indi- 
cating the coexistence of various velocity components 
such as those found in turbulent flow: The signals were 
detected in 11 of the 30 patients. All 11 patients mani- 
fested 2* or greater mitral regurgitation, but correlation 
between the incidence of these signals and the severity 
of mitral regurgitation was equivocal and requires fu- 
ture study. 
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The area in which these abnormal Doppler signals 
were detected was mapped on the cross-sectional- 
echocardiogram in each case. This map was interpreted 
as revealing the main direction and distribution of 
regurgitant flow from the mitral ostium into the left 
atrial cavity. 

At the mitral ostium (Fig. 4), powerful bidirectional 
Doppler signals with a wide frequency range were de- 
tected at the site where the echoes of the anterior and 


FIGURE 2. intracardiac Doppler signals in a healthy subject. Left, cross-sectional echocardiogram along the long axis of the left ventricle, viewed 
irom the left. The two white lines (Beams 1 and 2) represent the direction of the ultrasonic beams in the upper right and lower right panels, respectively. 

Arrows indicate the position of the sampling volume (SV) of the Doppler signals. Ae = aorta; LA = left atrium; LV = left ventricle. Upper right, 
the Doppler signals in the left atrial cavity obtained by Beam 1 are simultaneously recorded with the M mode echocardiogram in which the sampling : 
site is displayed by a pair of lines (SV). Few signals are recorded in systole, although a slow flow is observed in diastole. Lower right, the recording © 
at the mitral area obtained by Beam 2. Few signals are recorded in systole, although a diastolic inflow with two peaks is clearly recorded. ECG = 3 


alectrocardicgram: PCG = phonocardiogram. 


. 
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posterior mitral leaflets appeared to be coapted. These 
abnormal signals were observed in 28 of the 30 pa- 
tients. 


Representative Cases 


Case 1 (Fig. 5): A 45 year old woman with rheumatic mitral] 
valve disease. Left cineventriculography demonstrated 3+ 
mitral regurgitant flow toward the mid portion of the left atrial 
cavity. The intensity of the abnormal Doppler signals in- 
creased and then decreased as the sampling site was moved 
from the anterior to the posterior wall of the left atrium. The 
highest intensity was obtained in the mid portion of the left 
atrial cavity. This finding was interpreted as showing that the 
sampling site moved anteroposteriorly across the regurgitant 
flow that coursed from the mitral ostium to the mid portion 
of the atrial cavity. These alterations in the Doppler signal 
were observed in a wide area in the mid portion of the left 
atrial cavity. Mapping on the cross-sectional echocardiogram 
showed that the abnormal signals were distributed over the 
area extending from the mitral ostium to the mid portion of 
the left atrium. Thus, in this case, the mitral regurgitant flow 
was considered to be directed mainly from the mitral ostium 
to the mid portion of the atrial cavity. 


Case 2 (Fig. 6): A 44 year old woman with ruptured chordae 
tendineae of the mitral valve. Left cineventriculography 
showed that the posterior mitral leaflet rolled up into the left 
atrium during systole. The contrast material regurgitated 
anterosuperiorly along the atrial side of the anterior mitral 
leaflet. The abnormal Doppler signals were localized in the 
anterior half of the left atrial cavity. These signals were bidi- 
rectional when recorded near the anterior wall of the left 
atrium and became unidirectional as the sampling site was 
moved into the mid portion of the left atrial cavity. This dis- 
tribution of the abnormal Doppler signals corresponded ap- 
proximately to the main direction of the regurgitant flow 
shown in the ventriculogram. 





Discussion 


The ultrasonic pulsea Joppler technique was de- 
veloped by Baker! and Peronneau et al.” to examine the 
pattern of intracardiac flow. The M sequence modu- 
lated Doppler technique? was also designed for this 
purpose. Recent progress in development of the in- 
strumentation has increased clinical application®-!8 of 
the technique in a variety of fields. In cases of mitral 
regurgitation, bidirectional Doppler signals with a wide 
range of frequency have been recorded at the mitral 
valve ostium. Because of the characteristic features of 
these abnormal Doppler signals, it is believed that they 
reflect the turbulent flow caused by regurgitation.®:10 

In this study, we attempted to determine the main 
direction and distribution of the mitral regurgitant flow 
with reference to cardiac anatomy. The sampling site 
was located using both the ultrasonic pulsed Doppler 
technique and cross-sectional echocardiography? and 
displaying the sampling site on the cross-sectional! image 
of the heart. With this combined procedure it was pos- 
sible to demonstrate the distribution of the regurgitant 
flow in the left atrial cavity by moving the direction of 
the ultrasonic beam and the sampling site within the 
heart. 

Doppler signals in the left atrial cavity: In pa- 
tients with mitral regurgitation, the abnormal Doppler 
signals were detected in the left atrial cavity. The time 
of occurrence and the location of such signals were 
consistent with the characteristics of mitral regurgitant 
flow. Furthermore, because these abnormal Doppler 
signals have never been seen in healthy subjects they 
were considered to be related to mitral regurgitant flow. 
Using M mode echocardiography as a monitor, Johnson 
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FIGURE 3. Abnormal Doppler signals in the left atrial cavity in a patient with rheumatic mitral regurgitation. Left, the white line shows the beam 
direction and the position of the sampling volume (SV). Right, abnormal Doppler signals detected at the sampling site. They are harsh and have 


a bidirectional wide range of velocity. Abbreviations as in Figure 2. 
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and co-workers®!° found bidirectional Doppler signals 
in the left atrium of patients with mitral regurgitation 
and believed that these signals reflected the turbulent 
jet of regurgitation. In our study, the site of the distri- 
bution of abnormal Doppler signals was confirmed with 
the use of cross-sectional echocardiography. We found 
both bidirectional and unidirectional abnormal Doppler 
signals in the left atrial cavity of our patients. The bi- 
directional Doppler signals may have been due to tur- 
bulence of the mitral regurgitant flow, which may have 
acted like a vortex. It is also possible that unidirectional 
flow was falsely recorded as bidirectional flow, because 
the ultrasonic beam struck the blood flow perpendicu- 
larly. However, we ruled out the latter possibility for two 
reasons: (1) The bidirectional signals were obtained 
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using ultrasonic beams that were aimed in various di- 
rections, and (2) the intensity of bidirectional signals 
caused by such a mechanism would usually be weak, 
whereas these signals were strong. Thus, we considered 
turbulent flow to be the cause of the bidirectional sig- 
nals in our study. 

The unidirectional signals were believed to be re- 
corded when the sampling site touched the main stream 
of regurgitant flow. However, there is a small possibility 
that the weaker of the two components of the bidirec- 
tional flow was not sufficiently displayed because of 
inadequacy of our recording system. This possibility 
requires further study. 

The abnormal Doppler signals were recorded as bi- 
directional in the left atrial cavity in 8 of the 11 patients. 


FIGURE 4. Abnormal Doppler signals at the mitral ostium in a patient 
with torn chordae tendineae of the posterior mitral leaflet. Top, the 
arrow indicates the position of the sampling volume. Bottom, there is 
a change in the abnormal Doppler signals when the sampling site is 
changed from the left atrium to the mitral area. Abbreviations as in 
Figure 2. 
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We considered the mitral regurgitant flow in the left 
atrial cavity of our patients to be mainly turbulent. 
Johnson! also reported that the abnormal Doppler 
signals were bidirectional in the left atrial cavity, al- 
though the location of the sampling site in their study 
was confirmed not with cross-sectional but with M mode 
echocardiography. Kalmanson et al.!! recorded unidi- 
rectional mitral regurgitant flow, using a zero-crossing 
counter. However, this counter displays the sum of the 
components of the signal. In addition, in their study, the 
ultrasonic beam was transmitted from the apical region. 
With such a beam direction, regurgitant flow might be 
represented as unidirectional because the main stream 
of the regurgitant flow would be detected as the total 
flow. 

In one of our patients with ruptured chordae tendi- 
neae of the mitral valve (Case 2), the regurgitant flow 
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FIGURE 5. Abnormal Doppler signal 
in the middle area of the left atrial 
cavity in a patient with rheumatic 
mitral regurgitation. Upper left, the 
white lines indicate the directions 
of the ultrasonic beam. The abnor- 
mal Doppler signals were recorded 
in the ranges between the two 
white points on each line. An area 
encircled by these white points is 
interpreted to be the extent of 
regurgitant flow. Upper right, 
schematic illustration of the extent 
of regurgitant flow in the left atrial 
cavity. Bottom, the abnormal Dop- 
pler signals recorded when there . 
was a change in the depth of the 
sampling volume along the beam 
direction (arrow in the upper left 
panel). Abbreviations as in Figure 
2. 





was judged to be directed along the anterior margin of 
the left atrium. In this patient, the abnormal Doppler 
signal was unidirectional in the mid portion of the left 
atrial cavity but bidirectional near the anterior wall of 
the left atrium. Thus, it is highly probable that the bi- 
directional abnormal Doppler siznals were due to tur- 
bulence produced by regurgitant blood flow striking the 
anterior wall of the left atrium. However, they may also 
have been caused in part by vibration of the left anterior 
atrial wall induced by the regurgitant flow. 

Mapping of the abnormal Doppler signals on the 
cross-sectional echocardiogram revealed that the dis- 
tribution of regurgitant flow in the left atrium differed 
among patients. For example, this flow was found in the 
anterior part of the left atrium in some patients and in 
the mid part in other patients. Such an area of distri- 
bution extending from the mitral ostium into the left 
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FIGURE 6. Abnormal Doppler sig- 
nals in a patient with torn chordae 
tendineae of the posterior mitral 
leaflet. Upper left, white lines in- 
dicate the directions of the ultra- 








atrial cavity was considered to represent the main 
stream of mitral regurgitant flow. This main stream was 
consistent with that detected on angiocardiography. 

The abnormal Doppler signals in the left atrial cavity 
were found in only 11 of the 30 patients. There are two 
possible reasons for this low detection rate: (1) It is 
difficult to capture the regurgitant flow when the ul- 
trasonic beam is far from the chest wall, and (2) the 
sensitivity of the equipment used was insufficient to 
detect the Doppler signal from the deep-lying left atrial 
cavity in all patients examined. The rate of detecting 
regurgitant flow should improve as examiners gain in- 
creased technical skill and the sensitivity of the equip- 
ment is refined. 





sonic beam. The abnormal Doppler 
signals were recorded in the ranges 
between the two white points on 
each line. The area in which the 
abnormal Doppler signals were 
detected was localized in the ante- 
rior half of the left atrial cavity. 
Upper right, the lateral view of the 
angiocardiogram of the left ventricle 
and the left atrium. The black arrow 
indicates the regurgitant flow. Bot- 
tom, the abnormal Doppler signals 
recorded when there was a change 
in the depth of the sampling volume 
(arrow in upper left panel). Abbre- 
viations as in Figure 2. 


Doppler signals at the mitral ostium area: Pow- 
erful Doppler signals were detected at the area of the 
mitral ostium in 28 of the 30 patients examined. These 
signals were invariably bidirectional. Their bidirectional 
quality and wide frequency range were similar to those 
of Doppler signals due to the mitral valve vibration 
caused by aortic regurgitation.!+!> Systolic mitral vi- 
bration has also been reported by others! in M mode 
echocardiographic studies in patients with mitral 
regurgitation. Thus, the bidirectional Doppler signals 
at the mitral valve area may result not only from the 
regurgitant flow, but also from the vibration of the mi- 
tral valve surrounding the ostium. Further study is re- 
quired to elucidate these points. 
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Mt last, intra-aortic manor 
alloon pumping 

vithout surgery. / iia 
Jatascope introduces 
the PERCOR” balloon | 
for percutaneous / | 
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lliac artery 
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For all of its benefits, intra-aortic balloon 
pumping has had one ever-present shortcom- 
ing. The balloon had to be inserted and 
removed surgically. 
Femoral The Datascope*PERCOR balloon” puts an 
artery end to all that. 
This remarkably innovative device is easily 
and quickly inserted through the skin, using the 
Seldinger catheterization technique. 


atheter SE 





iP ae The surgical insertion that used to take 20 to 45 
“Pa pX minutes is now completed without surgery in 
n hal & approximately 5 minutes. Further, removal is accom- 
Radiopaque j plished in minutes without surgery as well. 
å marker | With this new technique, it is apparent that intra-aortic balloon 
pumping, when indicated, will be used by more medical specialists 


in a wider variety of clinical settings for the benefit of increasing 

n numbers of patients. In the operat- 

i ing room, the catheterization lab, 

j CCU and emergency room. By the 

| surgeon, the radiologist, the 

ij cardiologist. 

f We would be pleased to send 

| you more information about our 

| revolutionary device and to 

schedule a filmed demonstration 
of its use. Call Robert Rewolinski, 
Manager, Cardiac Assist 
Products, at 201-265-8800 
or write him at Datascope Corp., 
Dept. #5-S, 580 Winters Avenue, 


PERCOR™ balloon PERCOR™ inflated. Paramus, NJ 07652. 
ready for insertion. 


The Datascope PERCOR" intra-aortic balloon 


Clinical reference: Preliminary Clinical Experience With Percutaneous Intra-Aortic Balloon Pumping (IABP), V. A. Subramanian, Jonathan Goldstein, 
Thomas A. Sos, John C. McCabe, Eddie Hoover & William A. Gay, Jr., New York Hospital, New York, NY. Abstfact published in CIRCULATION, Part Il, 
Vol. 60, No. 4, October 1979, PP. Il-103. *U.S. and foreign patents pending. 














C THE ROGERS HEART FOUNDATION 


hues is pleased to announce our 1980 Continuing Education Meetings. To keep abreast of current cardiology, join us this year oi 
relaxing beaches of Florida; travel with us to the colorful Hispanic charm of Old Mexico, to the nostalgic Klondike Days in Cana 
to the world’s oldest kingdom to enjoy the Tivolian magic of Copenhagen. We proudly continue to offer you seminars o? the hi 
caliber in unequalled surroundings. 


If you would like to be on the Rogers Heart Foundation’s mailing list for all Continuing Education Meetings, fill out the form b 
and mail to Rogers Heart Foundation, St. Anthony’s Hospital, 601 #2th St. North, St. Petersburg, Florida 33705, (813—894-0; 
Individual programs will be printed and available three to four months prior to date of each meeting. 


March 29 - April 3, 1980 


May 3-6, 1980 


July 19-22, 1980 


13th Annual Physicians Workshop in 
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Maria isabella Sheraton Hotel 

Mexice City, Mexico 

Fee: $150 {U.S} 

Credit Hours: 30 

Directors: Henry J. L. Marriott, M.D. 

Demetrio Sodi-Pallares, M.D. 


5th Annual Symposium on Cardiovascular 
Nursing 
Carillon Hotei 
Miami Beach, Florida 
Fee: $150 (U.S.} 
Directors: Henry J. L. Marriott, M.D. 
Leo Schamroth, M.D. 


Faculty: international 


Sth Canadian Summer Workshop in 
Electrocardiography 

Hotel MacDonald 

Edmonton, Alberta 

Fee: $125 (U.S.} 

Credit kours: 24 

Director: Henry J. L. Marriott, M.D. 


August 20 - Sept. 6, 1980 


Oct 30 - Nov. 3. 1980 


18th Annual Seminar in Cardiology 
Hotel Scandinavia 

Copenhagen, Denmark 

Fee: $250 (U.S.) 

Credit Hours: 24 

Director: Henry J. L. Marriozt, M.D 
Faculty: International 


21st Workshop in Electrocardicgraphy 
Nurses & Physicians 

Sheraton Sand Key Hotel 

Clearwater Beach, Florida 

Fee: $125 (US.) 

Credit Hours: 25 

Director: Henry J. L. Marriot:, M.D 





Please send me further information on your 1980 Continuing Educat 


Meetings. 
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Before prescribing Minipress, WARNINGS 
and DOSAGE AND ADMINISTRATION 


Please see Brief Summ 





Patient Compliance 


MINIPRES orazos ci 


TITRATION IS 

KEY TO 
SUCCESSFUL 
ANTIHYPERTENSIVE 
THERAPY 


Titrate to 
4 mg b.i.d* 


ELGA) 
2 mg b.i.d* 


Start with 
1 mg b.i.d* 


Titrate to 
10 mg b.i.d. 


Titrate to 
5 mg b.i.d* 


USUAL 
MAXIMUM DAILY 
DOSAGE. 20 mg 
given ın divided dc 
(bid orqsd ). Afew 
patients may benefit from 
further increases up to< 
daily dose of 40 mg giyen in 
divided doses 


alnitial Therapy: The starting 
dosage of Minipress is 1 mg b./.d. 
or t.d. If response is not adequate 
by the next visit. the dosage should be 
increased to 2 mg b i.d. or tid. 
= Dosage Titration: Titrate dosage slowly, 
according to patient response. to a maxi- 
mum of 20 mg daily in divided doses. Alfhough 
some patients may be controlled on 1 mg 5./.d. 
or t.i.d., generally 6 mg to 15 mg daily will be 
needed in the majority of responding patients to 
hieve optimal blood pressure control 
= Maintenance Therapy: Maintain therapy on a b.i d. or 
t.i.d. dosage regimen after initial titration. If optimum con- 
trol is not achieved with Minipress as the initial agent, consider 
adding a diuretic. If optimum control is not achieved with 
Minipress and a diuretic, consider adding another Step 2 anti- 
hypertensive agent. When adding a diuretic or other antihypertensive 


agent, dosage of Minipress should be reduced to 1 mg or 2 mg t.i.d. 


and retitrated as needed 
= Minipress is available in 1-mg, 2-mg. and 5-mg capsules 


BRIEF SUMMARY 

MINIPRESS® (prazosin hydrochloride) CAPSULES For Oral Use 
INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in 
activity. It can be used as the initial agent or it may be employed in a general 
treatment program in conjunction with a diuretic and/or other antihypertensive 
drugs as needed for proper patient response 

WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due to an 
excessive postural hypotensive effect, although occasionally the syncopal 
episode has been preceded by a bout of severe tachycardia with heart rates 
of 120-160 beats per minute. Syncopal episodes have usually occurred 
within 30 to 90 minutes of the initial dose of the drug; occasionally they have 
been reported in association with rapid dosage increases or the introduc- 
tion of another antihypertensive drug into the regimen of a patient taking 
high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopabepisodes is approximately 1% in patients given an initial dose of 2 


mg or greater. Clinical trials conducted during the investigational phase of , 


this drug suggest that syncopal episodes can be minimized by limiting the 
initial dose of the drug to 1 mg, by subsequently increasing the dosage 
slowly, and by introducing any additional antihypertensive drugs into the 
patient’s regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and 
reaied supportively as necessary. This adverse effect is self-limiting and inmost 
cases does not recur after the initial period of therapy or during subsequent dose 
Itration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for initia 
herapy. 

More common than loss of consciousness are the symptoms often associated 
with lowering of the blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised 
what measures to take should they develop. The patient should also be 
cautioned to avoid situations where injury could result should syncope occur 
during the initiation of MINIPRESS (prazosin hydrochloride) therapy 

Usage in Pregnancy: Although no teratogenic effects were seen in anima 
testing, the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not 
been established. MINIPRESS (prazcsin hydrochloride) is not recommended in 
pregnant women unless the potential benefit outweighs potential risk to mother 
and fetus 
Usage in Children: No clinical experience is available with the use of 
MIN PRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, headache 











Jrowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, palpitations 5.3%, 
and nausea 4.9%. In most instances side effects have disappeased with 
continued therapy or have been tolerated with no decrease in dose of drug 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causal relation- 
ships have not been established) F 

Gastrointestinal: vomiting. diarrhea, constipation, abdominal discomtort and/ 
or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritu 

Genitourinary: urinary freq 

EENT.: blurred vision, reddened sclera, epistaxis 
congestion 

Other: diaphoresis 

Single reports of pigmentary mottling and serous retinopathy, anda few reports 
of cataract development or disappearance have been reported. In these 
instances, the exact causal relationship has not been established because the 
baseline observations were fre / inadequate 

In more specific slit-lamp and f ISCOpic studies, which included adequate 
baseline examinations, no dr 2c abnormal ophthalmological ‘indings 
nave been reported 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chioride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration 
Initial Dose: 1 mg two or three times a day. (See Warnings) 
Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 
mg given in divided doses. The therapeutic dosages most commonly employed 
have ranged from 6 mg to 15 jaily given in divided doses. Doses higner than 
20mg usually do not increa cacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen 
Use With Other Drugs: When adding a ciuretic or other antihypertensive agent 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 7 mg or 2 
mg three times a day and re tion then carried ou 
HOW SUPPLIED: MINIPRESS (prazosin hydrochioride) is available in 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and 
e institutional packages of 100 (10 x 10's); and 5 mg (blue and white #438) 
2s in bottles of 250, 500 anc unit dose institutional packages of 100 (10 x 
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WHEN YOU SUSPECT OR DETEC 
VENOUS THROMBOSIS... 





Thromboembolism: 
a high risk among 
patients with one 

“or more of these 
factors... 


Advanced age 

Fractures of lower limb 

Hip surgery 

Pelvic or abdominal surgery with 

extensive dissection 

Previous venous thromboembolism 
¿Congestive cardiac failure 

Cancer surgery 

Obesity 

Varicose vein surgery 


: incidence of venous thrombosis or 

-21 abnormal scans as shown by '5I-fibrinogen 
“screening in selected high-risk medical- 

Surgical patients 


| Category 








Incidence 
Elective surgery 
Major abdominal 
thoracic/gynecologic 11-65%"? 
Retropubic 
prostatectomy 28-50%12 
Transurethral 
prostatectomy 4% 2 
Emergency surgery 
Hip fracture 48-74%'2 
| Childbirth 
| Medical 
= [Myocardial 
infarction 23-38%"? 
_ Stroke 60%! 
ORAL ANTICOAGULATION: 


Often indicated to lower the risk 
of th romboembolic complications. 


References: t. Hirsh J, Gallus AS: "Labeled fibrino wa tscanning: 
Use inthe diagnosis of venous thrombosis. JAMA 233: 0-973, 











The e oral anticoagulant 
of choice: Tablets 


COUMADIN 


crystalline warfarin sodium 


singled out by more 
than 20 years 
of experience 


Effective prophylaxis and treatment of venous 
thrombosis 

Effective prophylaxis and treatment of 
pulmonary embolism 

Effective treatment of atrial fibrillation with 
embolization 

Effective adjunctive treatment of coronary 
occlusion 








Initiation of therapy | 
induction — 40 io 60 mg for average adult or 20 to 
30 mg for elderly and/or debilitated patients for one 
dose only administered orally, intravenously or intra- 
muscularly. 


Alternatively, the large priming dose may be decreased 
for all patients to minimize the possibility of excessive 
increases in prothrombin time. induction may be initi- 
ated with 10 to 15 mg daily and thereafter (usually 

2 or 3 days) adiusted according to prothrombin time 
response. 

o dosage must be individualized according to 
patient's prothrombin time 

o frequent laboratory monitoring is recommended 

a determine prothrombin time daily until results fall 
within the therapeutic range —1.5 to 2.5 times normal 
o afterwards, prothrombin time must be determined 
periodically to monitor the patient's course 
































Maintenance of anticoagulation 








© 2-10 mg, for most patients (scored tablets allow 
flexibility and accurate titration) 

o dose and interval should-be adjusted according toe 
the individual patient's prothrombin time response 


Duration of anticoagulation 


g should be individualized for each patient 
Gin general, should be continued until danger of 
thrombosis and embolism has passed 
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grins a ae in acute myocardial infarction. Circulation 45-:903-91C, 

Borden CW: The current saus of therapy with anticoagu- 
ee Sed Gin North Am 56:235-251, Jan 1972. 8. Hirsh J, Gallus AS: 
Anticoagulants in venous s inromboemboli ism., Prophylaciic and thera- 
peutic use. Postgrad Med 55:211-217 dan 1974 





Recommendations of prominentclinicians 
on duration of therapy 












in myocardial infarction? ** 1-3 years* (reevaluate 
at least every 6 months} 


in pulmonary embolism*®> 6 weeks-6 months 
in deep vein thrombosis*® 6 weeks-6 months 


< *For selected patients who have had a large infarct. a history of previous 
‘injarchonor angina, severe hypotension or shock, chronic atrial tbri- 
Tation congestive heart failure, past history of venous thrombosis or 
emboli fern or complications requiring a prolonged period in bed 


COUMADIN is an Endo registered U.S. trademark 


Before prescribing, please see full product information on next page 





; anf Tablets 
sodium, U.S.P* 


DESCRIPTION COUMADIN (crystalline warfarin sodium}. a prothrombinopenic anticoagulant. is 
chemically crystalline sodium warfarin soprepanol clathrate. The crystallization of warfarin so- 
dium virtually eliminates trace impurities present in amorphous warfarin sodium, thus achieving a 
crystalline product of the highest purity Warfarin” is the Poster generic name for 3-(a-Acetonyl- 
benzyl}-4-hydroxycoumann. On a dosé-for-dose basis. COUMADIN (crystalline warfarin 

sodium) a therapeutically equivalent to amorphous warfarin sodium 

ACTIONS COUMADIN and other cournarin anticoaguiants act by depressing synthesis in the 
fiver of several factors which are knowrto be active in the coagulation mechanisms in a variety of 
diseases:characterized by thromboembolic phenomena. The resultant in vivo effect is a sequen- 
tial depression of Factors Vil. IX, X and 4. The degree of depression is dependent upon the dos- 
age adrunistered. Anticoagulants have no direct effect on an established thrombus. nor do they 
reverse ischemic tissue damage. However, once a thrombosis has occurred. anticoagulant treat- 
ment aims to prevent further extension of the formed clot and prevents secondary thromboembo- 
lic complications which may result in serious and possibie fatal sequelae. 

After oral administration, absorption is essentially complete, and maximal plasma concentrations 
are reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma. 
COUMADIN usually induces hypoproth->mbinemia in 36 to 72 hours, and its duration of action 
may persist for 4 to 5 days, thus producng a smooth. long lasting response curve. Little is known 
of the metabolic pathways.involved in the bio:ranstormation of oral anticoagulants in man. How- 
ever their metabolites appear to be eliminated principally in the urine 





INDICATIONS Based on a review c! this drug by the National Academy of Sciences— 
Nationa! Research Council and/or ether mtormation, FDA has classified the indications 
as follows: 

Effective: COUMADIN is indicated for the prophylaxis and treatment of venous thrombo- 
sis and its extension, the treatment cf atrial fibrillation with embolization, the prophylaxis 


and treatment of pulmonary embolism, and as an adjunct in the treatment of coronary 
occlusion. 

“Possibly” effective: as an adjunct in the treatment of transient cerebral ischemic attacks. 
Final classification of the less-than-¢itective indication requires further investigation. 


CONTRAINDICATIONS Anticoagulation is contraindicated in any localized or general physical 
condition or personal circumstance in which the hazard of hemorrhage might be greater than its 
potential clinical benetits, such as: 
Pregnancy — COUMADIN is contraindicated in pregnancy because the drug passes through the 
placental Darrier and may cause fatal hemorrhage to the fetus in utero. Furthermore, there have 
been reperts of birth malformations in chädren born to mothers who have been treated with war- 
tann during pregnancy. Women of childbearing potential who are candidates for anticoagutant 
therapy should be caretully evaluated and the indications critically reviewed with the patient. If the 
patient becomes pregnant while taking mis drug, she should be apprised of the potential risks to 
ait fetus. end the possibility of termination of the pregnancy should be discussed in light of those 
risks. 
H ic tendencies or blood dyscrasias. Recent or contemplated su of: 
(‘eentral nervous system, (2}eye: (3)traumatic surgery resulting in large open surfaces. Bleed- 
ing tendencies associated with active ulceration or overt bleeding of: (1 }gastrointestinal. 
genitourinary or respiratory tracts: (2}cersbrovascular hemorrhage, (3)aneurysms—cerebrai, dis- 
secting aorta: (4)pericarditis and pericardial effusions, (5)subacute bacterial endocarditis. 
Threatened abortion, eclampsia and p-eeciampsia. Inadequate laboratory facilities or unsu- 
pervised senility, alcoholism, psychosis: or lack of patient cooperation. Spinal puncture and 
ather diagsostic or therapeutic procedures with potential for uncontrollable bleeding. Miscelia- 
neous: major regional, lumbar biock anesthesia and malignant hypertension. 
WARNINGS Warfarin sodium is a potent drug with a half-life of 2¥2 days; therefore its effects may 
become more pronounced as daily maintenance doses overlap. It cannot be emphasized too 
strongly thal treatment of each patient is a highly individualized matter. Dosage should be con- 
trolled by periodic determinations of prothrombin time or other suitable coagulation tests. Deter- 
minations cf whole blood clotting and bleeding times are not effective measures for contro} of 
therapy. Heparin prolongs the one-stage prothrombin time. Therefore, to obtain a valid prothrom- 
bin time when heparin and COUMADIN are giver together, a period of at least 5 hours should 
elapse alter the last intravenous dose and 24 hours after the last subcutaneous dose of heparin. 
before bloced is drawn. 
Caution sheuid be observed when wartarn sodium is administered in any situation or physical 
condition where added risk of hemorrhage is present, 
Administraton of anticoagulants in the following conditions will be based upon clinical judgment 
in which the risks of anticoagulant therapy are weighed against the risk of thrombosis or emboliza- 
tion in untreated cases. The following may be associated with these increased risks: 
Lactation— coumarins may pass inte themilk of mothers and cause a prothrombinopenic state in 
the nursing infant. Severe to moderate hepatic or renal insufficiency. infectious diseases 
ordisturbences of intestinal flora—spve, antibiotic therapy. Trauma which may result in inter- 
nai bleeding. Surgery or trauma resulting in large exposed raw surfaces. Indwelling cathe- 
ters. Severe to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis, severe 
diabetes, severe allergic and anaphylactic disorders. 
Patients with congestive heart failure may become more sensitive to COUMADIN, thereby re- 
quiring more frequent laboratory monitoring, and reduced doses of COUMADIN. 
Concurrent use of anticoagulants with streptokinase or urokinase is not recommended and may 
be hazardous. (Please nole recommendations accompanying these preparations.) 
Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually 
over three tc four weeks. 
PRECAUTIONS Periodic determination: of prothrombin time or other suitable coaguia- 
tion test is essential. 
Numerous factors, alone or in combination, including travel, changes in diet, environ- 
ment, poveca state and medication may influence response of the patient to anticoagu- 
tants. itis f sacaproie good practice to monitor the patient’s response with additional pro- 
thrombin time determinations in the period immediately after discharge from the hospi- 
tat and whenever other medications are initiated, discontinued or taken haphazardly. 
.,) The following factors are listed for your reference; however, other factors may also af- 
fect the prothrombin response. 
‘The following factors, alone or in combination, may be responsible for increased pro- 
thrombin time response: 
ENDOGENCUS FACTORS: Carcinoma: collagen disease: congestive heart failure: diarrhea: 
@levaled temperature: hepatic disorders— infectious hepatits, jaundice; poor nutritional state: 
vitamin K deticiency—steatorrhea. 
EXOGENOUS FACTORS: Alcohol; allopurinol. aminosalicylic acid: anabolic steroids: antibiotics: 
bromelains, chioral hydratet; chlorpropamide, chymotrypsin. cimetidine: cinchophen; clofibrate: 
COUMADIN icrystalline warfarin sodium) overdosage: dextran; dextrothyroxine: diazoxide: 
dietary deficiencies; diuretics, disulfiram, drugs affecting blood elements; ethacrynic acid: glu- 
cagon; hepatotoxic drugs; indomethacin; irhaiation anesthetics; mefenamic acid; methyidopa; 
methyiphenicate, metronidazole, monoamine oxidase inhibitors; nalidixic acid; oxolinic acid: oxy- 
phenbutazore, phenylbutazone, phenyramiiol; prolonged hot weather, prolonged narcotics; 
quinidine. quinine, salicylates; suifinpyrazore. sulfonamides, long acting: thyroid drugs; tolbu- 
tamide: triciofos sodium; trimethaprim/sulfamethoxazcie; unreliable prothrombin time determina- 
tions. 
The following factors, alone or in combination, may be responsible for decreased pro- 
thrombin time res; se: 
ENDOGENOUS FACTORS: Diabetes mellitus, edema; hereditary resistance to coumarin therapy; 
hyperlipemia:hypathyroidism. 
EXOGENOUS FACTORS: Adrenocortical steroids: alcoholt: antacids; antihistamines; barbitu- 
rates: chloral sydtatet, chiordiazepoxide; cholestyramine, COUMADIN underdosage: diet high in 
vitamin K (vegetables, fish, fish aif, onions): diuretics}, ethchiorvynok: glutethimide; griseofulvin: 
haloperidol; meprobamate; oral contraceptives, paraldehyde; primidone; rifampin: unreliable pro- 
thrombin time-determinations: vitamin C. 
tincreased anc decreased prothrombin time responses have been reported. 


“Present as crystaline sodium wartarn isoprcpaad clathrate. 





for long- and short-term oral anticoagulation... 


A patient may be exposed tca combination of the above factors. some of which may increase anc 
some decrease his sensitivity to COUMADIN. Because the net effect on his prothrombin time re- 
sponse may be unpredictabie under these circumstances, more frequent iaboratory monitoring is 
advisable 

Drugs not yet shown fo interact or not to interact with coumarins are best regarded with suspicion, 
and when their administration is started or stopped. the prothrombin time should be determined 
more often than usual. 

Coumarins also affect the action of other drugs. Hypoglycemic agents (chlorpropamide and 
icibutamide) and anticonvulsants (diphenyihydantoin and phenobarbital} may accumulate in the 
body as a result of interference with either their metabolism or excretion. 

AOVERSE REACTIONS Potential side effects of COUMADIN {crystalline warfarin sodium) 
include: 

1. Minor or major hemorrhage irom any tissue of organ— which is an extension of the physiologi 
activity of prothrombinopenia. The signs and symptoms will vary according to the location and « 
gree or extent of the bleeding. Therefore the possibilty of hemorrhage should be considered in 
evaluating tne condition of aay anticoagulated patient with complaints which do not indicate an 
obvious diagnosis. Bleeding-during anticoagulant therapy does no! always correlate with pro- 
thrombin activity. (See TREATMENT FOR OVERDOSAGE } 

Bleeding which occurs wher the prothrombin time is within the therapeutic range warrants diac 
nostic investigation since it may unmask a previously unsuspected lesion, e.g. fumor, uicer, etc 
2. Side effects other than hemorrhage are infrequent and consist of alopecia, urticaria, dermatitis. 
tever. nausea, diarrhea, abdominal cramping, a syndrome called “purple toes.” hypersensitivity 
veactions and a reaction consisting of hemorrhagic infarction and necrosis of the skin. 

3. Priapism has been associated with anticoaguiant administration, however, a causal relationship 
has nol beer established. 
DOSAGE AND LABORATORY CONTROL The aim of anticoagulant therapy is to impede the 
coagulation or clotting mechanism to such an extent that thrombosis will not occur, but at the 
same time avoiding such extensive impairment as might produce spontaneous bleeding. Effec- 
tive therapeutic levels with mirdmal complications can best be achieved in cooperative and well- 
instructed patients, who keep the doctor informed of their status between visits. COUMADIN pa- 
nent aids are available to physicians on request. 

Fhe administration and dosage of COUMADIN must be individualized for each patient according 
io the particular patient's sensitivity to the drug as indicated bythe prothrombin time. The pro- 
thrombin time reflects the depression of vitamin K dependent Factors Vil, X and Il. These factors. 
n addition to Factor IX. are affected by coumarin anticoagulants. There are several modifications 
af the Quick one-stage prothrombin time and the physician should become familiar with the spe- 
aific method used in his laboratory. 

Administration of COUMADIN should be gauged according to prothrombin time determinations 
Dy a suitable method. The bload prothrombin time should usually be determined daily after the 
administration of the initial dose until prothrombin time results stabilize in the therapeutic range. 
intervals between subsequent prothrombin time determinations shouid be based upon the 
ahysician’s judgment of the patient's reliability and response to warfarin in order to maintain the in- 
dividual within the therapeutic sange. Acceptable intervals for prothrombin time determinations 
Bave usually fallen within the range of one to four weeks. Satisfactory levels for maintenance of 
therapeutic anticoagulation are 1% to 24% times the normal prothrombin time (e.g. 18 to 30 sec- 
ends, with a control of 12 seconds). 

Induction— 40 to 60 mg for average adult or 20 to 30 mg for elderly and/or debilitated patients 
tor one dose only administerediorally, intravenously or intramuscularly. 

Alternatively, the large priming dose may be decreased for ail patients to minimize the possibility 
ef excessive increases in prothrombin time. Induction may De initiated with 10 to 18 mg daily and 
thereafter (usually 2 or 3 days) adjusted according to prothrombin time response. The basis for 
tae no-loading dose regimen isthat the depression of Factors il, IX, and X are not accelerated by 
fae administration of a loading dose. 

Maintenance— Mos! patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility 
c dosage is provided by breaking scored tablets in half. The individua! dose and interval should 
be gauged by the patient's prothrombin response. 

Duration of therapy— The duration of therapy in each patient should be individualized. In gen- 
erai, anticoagulant therapy shouid be continued until the danger of thrombosis and embolism has 
passed. 

Featment during dentistry aad surgery — The management of patients who undergo dental 
and surgical procedures requires close liaison between attending physicians. surgeons and den- 
tists. Interruption of anticoagulant therapy may precipitate thromboembolism, and conversely, if 
anticoagulants are maintained at fuli doses. some patients may hemorrhage excessively, If itis 
elected to administer anticoaguiants prior to, during. or immediately following dental or surgical _ 

es, its recommended that the dosage of COUMADIN (crystalline warfarin sodium) be 

adjusted to maintain the prothrombin time at approximately 11% to 2% times the control level. The 
operative site should be sufficiently fimited to permit the effective use of local procedures for he- 
mostasis including absorbable hemostatic agents. sutures, and pressure dressings.if necessary. 
‘Under these conditions dental and surgical procedures may be performed without undue risk of 
hemorrhage. 

COUMADIN with Heparin... Since a delay intervenes between the administration of the initial 
dese and the therapeutic prolongation of prothrombin time. it may be advisable in emergency si 
uations to administer sodium heparin initially along with COUMADIN. The initial dose of heparin 
ard injectable COUMADIN may be administered together in the same syringe. it should be note 
that heparin may affect the prothrombin time, and therefore, when patients are receiving both 
heparin and COUMADIN, the biecd sample for prothrombin time determination should be drawn 
just prior to the next heparin dosage. at least 5 hours after the last intravenous injection or 24 
hours after the last subcutaneous injection. 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is 
readily controlled by discontinuing COUMADIN {crystalline warfarin sodium), and if necessary. 
the oral or parenteral administration of vitamin K,. The appearance of microscopic hematuria, €x- 
cessive menstrual bleeding, melena, petechiae or oozing from nicks made while shaving are 
early manifestations of hypoprothrombinemia beyond a safe and satisfactory level. 

in excessive prothrambinopenia with mild or no bleeding, omission of one of more doses of 
COUMADIN may suffice, and if necessary, smal doses of vitamin K, orally, 2.5 to 10 mg, will usu- 
ally correct the problem. 

fi rainor bleeding persists, or progresses to trank bleeding. vaamin K, in doses of 5 to. 25 mg may 
begiven parenterally. (Please note recommendations accompanying vitamin K preparations prior 
to ase.) 

Fresh whole blood transfusions should be considered in cases of severe bleeding or prothrom- 
biropenic states unresponsive tovitamin K,. 

Resumption of COUMADIN administration reverses the effect of vitarnin K,, and a therapeutic hy- 
poprothrombinemia tevel can again be obtained. 

SUPPLIED Tablets: COUMADIN (crystalline warfarin sodium). For oral use, single scored, im- 
printed numerically with potency as follows: 2 mg lavender, 2% Ui bee a § mg peach, 7¥2 mg 
yoe. m mg white. in botties of +00 and 1000. Also available in pital Linit-Dose blister pack- 
age of 1 

injection: Availabie as single injection units of amorphous warfarin sodium lyophilized for intrave- 
Nous oF intramuscular use in a box of 6 units for use immediately after reconstitution. 

50 mg: Unit consists of 1 vial, 50 mg: sodium chloride, 10mg; thimerosal, 0.2 mg. pH is adjusted 
with sodium hydroxide; accompanied by a 2 mi ampul Sterile Water for injection. 

Stesile Water for injection contains no antimicrobial or other substance, and it is not suitable for in- 
travascular injection without first having been made approximately isotonic by the addition of a 
suitable solute. Use only for reconstitution of the lyophilized product 

Licensed by Wisconsin Alumni Research Foundation. U.S. Pat. No. 3,077,481 (Reissue No. 25,866 
COUMADIN is an Endo Registered US. Tradernark. 6037-14 


Endo Laboratories, lnc. 
Subsidiary of the DuPont Company 
Garden City, New York 11530 EDO-627C97¢ 
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Can an antihypertensive 
be used in the vast 
majority of hypertensive 
patients, including certain 
patients requiring 

special considerations? 


ALDOMET CAN 


(METHYLDOPA|MSD) 





ALDOMET can be used in a wide range of hyperten- 
sives, including those with: 


ventricular allergic rhinitis 
hypertrophy hyperuricemia 
hyperglycemia gouty arthritis 
diabetes mellitus sulfonamide 
bronchial asthma hypersensitivity 


ALDOMET (Methyldopa, MSD) is contraindicated in 
active hepatic disease, hypersensitivity to the drug, 
and if previous methyldopa therapy has been asso- 
ciated with liver disorders. 


Copyright ©1979 by Merck & Co., Inc. 


Does an antihypertensive 
lower blood pressure 
usually without lower- 

ing cardiac output? 


ALDOMET DOES 
(METHYLDOPA|MSD) 


ALDOMET has no direct effect on cardiac function 
and lowers blood pressure usually without reducing 
cardiac output. Rather, it appears to reduce periph- 
eral vascular resistance, the most commonly identi- 
fied hemodynamic variable in hypertension (as 
hypertension progresses cardiac output tends to 
decrease and peripheral resistance tends to 
increase). 


Hemodynamic Changes as Hypertension Progresses* 


Borderline Established Congestive 
hypertension hypertension hear failure 








aes Peripheral resistance 


GB Cardiac output 


*adapted from Messerli and de Carvalho’ 


This may be particularly important in hypertensives 
with impaired cardiac function such as those with 
congestive heart failure* 


*Edema may occur with ALDOMET. This is usually relieved by the 
use of a diuretic, but if edema progresses methyldopa should be 
discontinued 


TABLETS: 500 mg, 250 mg, and 125 mg 
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Can an antihypertensive 
be effective usually with- 
out further reducing 
renal blood flow? 


ALDOMET CAN 
(METHYLDOPA|MSD) 


Glomerular filtration rate, 
filtration fraction, and 
renal blood flow are 
usually not reduced; 
therefore, ALDOMET is 
appropriate for many 
hypertensive patients 
with significantly im- ae 
paired renal function. Since the drug is vay 
excreted by the kidney, patients with impaired renal 
fúnction may respond to smaller doses. 


Will an antihypertensive 
generally allow a normal 
cardiovascular response 
to exercise? 


ALDOMET WILL 
(METHYLDOPA|MSD) 


Cardiac output and blood pressure normally increase 
as the physical activities of the patient increase. 
ALDOMET does not significantly impair normal fluc- 
tuations of blood pressure during exercise.?:3 
This can be of importance to active hypertensive 
patients —such as athletic individuals or persons 
“whose work requires substantial physical effort. With 
ALDOMET, exercise hypotension rarely occurs. 
Sedation, usually transient, may occur during the 
initial period of therapy or whenever the dose is 
increased. Headache, asthenia, or weakness may be 
noted as early and transient symptoms. 





For a brief summary of prescribing information, please see following page. 


Has an antihypertensive 
shown a proven record 
in long-term therapy? 


ALDOMET HAS 


(METHYLDOPA|MSD) 





A recent study’ followed a group of patients on 


ALDOMET for ten years or more. The results suggest 


that ALDOMET is a highly effective medication for 
the long-term management of hypertension. 


It is important to recognize that a positive Coombs 


test, hemolytic anemia, and liver disorders may occur 


with methyldopa therapy. The rare occurrences of 
hemolytic anemia or liver disorders could lead to 


potentially fatal complications unless properly recog- 


nized and managed. 


1. Messerli FH, de Carvalho JGR: Management of mild hypertension. Drug Therapy 9:63-70, 1979. 

2. Yasky J, Carosella C. Costa O: Diagnosis of arterial hypertension by means of graduated ergometric test, 
in Zanchetti, A (ed): ALDOMET® (Methyldopa/MSD) in Worldwide Clinical Experience, West Point, Pa, Merck 
Sharp & Dohme, 1979, pp 56-63. 


3. Mancia G, Ferrari A, egorini G, et al: Effects of treatment with methyldopa on basal hemodynamics and on 


neural circulatory control, in Zanchetti, A (ed): oars pp 2 Hewat gies in Worldwide Clinical 
Experience, West Point, Pa, Merck Sharp & Dohme, 1979, pi 
4. Bulpitt CJ. Bulpitt PF, Clifton P et al: Review of case tee ra oa maintained on methyldopa for 10 


rs or more, in Zanchetti, A (ed): ADOMIS Ph ai in Worldwide Clinical Experience, West 


Paint. Pa, Merck Sharp & Dohme, 1979, pp 164- 
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Contraindications: Active hepatic disease. such as 
acute hepatitis and active cirrhosis: if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings). hypersensitivity. 
Warnings: it is important to recognize that a 
positive Coombs test, hemalytic anemia, and liver 
disorders may occur with methyldepa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could fead to potentially fatal complica- 
tions: unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 

With prolonged methyidopa therapy, 10% to 20% of 
patients develop a positive drect Coombs test. 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare accasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
directCoombs testis notin itself acontraindication to 
use of methyldopa. If a positive Coombs test 
develeps during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which-may interfere with cross matching of blood. 
At the start of methyldopa therapy itis desirable todo 
a blood count (hematocrit, hemaglobin. or red cell 
count] for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
duringtherapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
CGoombs-positive hemolytic anemia occurs. the 
cause may be methyidopa and the drug should be 
discontinued. Usually the anemia remits promptly. if 
not. corticosteroids may be giver anc other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma giobulin of the IgG 
{gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyléopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his bood. in 
the absance of hemolytic anemia. usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
crass matching. If the indirect Coombs test is also 
positive problems may arise in the major cross 





match and the assistance of a hematologist er 
transfusion expert will be needed 

Fever has occurred within first 3 weeks of therapy. 
occasionally with eosinophilia or abnormalities in 
liver function tests. such as serum alkaline phospha- 
tase. serum transaminases (SGOT. SGPT). bilirubin. 
cephalin cholesterol flocculation. prothrombin time. 
and bromsulphalein retention. Jaundice, with cr 
without fever. may occur with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions: periodic eéetermination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. if fever ard abnormalities in liver 
function tests or jaundice appear. stop therapy with 
methyldopa. if caused by methyldopa. the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyidopa should not be reinstitutec 
in such patients. 

Rarely. a reversible reduction of the white blood 
cell count with primary efiect on granulocytes has 
been seen. Reversible theaombecytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs. potentiation of antihypertensive effect may 
occur. Patients should be icllowed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated beaefits be weighed against 
possible risks: possibility of fetal injury or injury to a 
nursing infant cannot be excluded. Methyidopa 
crosses the placental barrie: appears in cord bigod. 
and appears in breast milk. 

Precautions: Should be used w:th caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings}. May interfere with measurement of: 
urinary uric acid by the phosphotungstate method. 
serum Creatinine by the alkaane picrate method. and 
SGOT by colorimetric methods Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines. faisely high levels of 
urinary catecholamines may be reported This will 
interfere with the diagnosis af pheochromocytoma. 
itis important to recognize this phenomenon betorea 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyidopa is not recommended 
tor patients with pheochromocytoma. Urine exposed 
to air after voiding may darker Decause of breakdown 
of methyldopa or its metabalites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 


ALDOMET 
(METHYLDOPA|MSD) 


The most prescribed 
nondiuretic antihypertensive 
in the U.S. today 


lar disease. Patients may require reduced doses of 
anesthetics. hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: Seda- 
tion. headache. asthenia or weakness, usually early 
and transient: dizziness. lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias. 
parkinsonism, Bells palsy. decreased mental acuity. 
involuntary choreeathetotic movements; psychic 
disturbances. including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia. aggravation of angina 
pectoris. Orthostatic hypotension (decrease dally 
dosage). Edema {and weight gain) usually relieved by 
use of a diuretic. (Ciscontinue methyldopa if edema 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting. distention. con- 
stipation. flatus, diarrhea, mild dryness of mouth. 
sore or “black” tongue. pancreatitis. sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice. 
liver disorders. 

Hematologic: Positive Coombs test. hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody. LE 
cells, and rheumatoid factor. 

Allergic: Drug-related fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness. rise in BUN, breast enlarge- 
ment. gynecomastia. lactation. impotence, de- 
creased libido. dermatologic reactions including 
eczema and lichencid eruptions, mild arthralgia, 
myalgia. 

Note: initial aduit dosage should be limited to 
500 mg daily when given with antihyoertensives 
other thar: thiazides. Tolerance may occur, usually 
between second ard third months of therapy: 
increased dosage or arang a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
Syncope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease: this may be avoided by lower doses. 

How Supplied: Tablets. containing 125 mg methyl- 
dopa each. in bottles of 100: Tabiets. containing, 
250 mg methyldopa each. in single-unit packages of 
100 and bottles of 10C anc 1000: Tablets. containing 
500 mg methyldopa each, in single-unit packages of 
100 and bottles of 106 and 500. 

For more detailed information. con- M S D 
sult your MSD representative or see 
full prescribing information. Merck 
Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa, 19486 
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Two cases are described, one of cardiac sarcoidosis and another of pri. 
mary cardiac amyloidosis, in which correlation was made betwe 
electrophysiologic and postmortem conduction system studies. In C 
1 the electrocardiogram revealed right bundle branch block with firs 
degree and intermittent third degree atrioventricular (A-V) block and 
recurrent unifocal paroxysmal ventricular tachycardia. Electrophysiologic — 
studies disclosed normal sinus rhythm with prolonged A-H (175 ms) and 
H-V (60 ms) intervals and extrastimulus induction of repetitive ventricular 
firing. Postmortem examination revealed a sarcoid aneurysm of the _ 
posterior left ventricle and granulomatous infiltration of the A-V node, His __ 
bundle and bundle branches. In Case 2 the electrocardiogram revealed 
sinus bradycardia, a prolonged S-T interval and recurrent ventricular fi- o 
brillation. Electrophysiologic studies demonstrated a prolonged sinus nodal __ 
recovery time (6,080 ms) and H-V (85 ms) interval. Postmortem exami- 
nation revealed marked amyloid infiltration of the sinoatrial node, atria, 
proximal bundle branches and left and right ventricular myocardium. oe 
There was thus excellent correlation between electrophysiologic and 

pathologic findings. These cases indicate the importance of making a _ 
clinical diagnosis of the disease that might in some cases allow specific _ 
therapeutic intervention in addition to antiarrhythmic therapy. 










Conduction defects, ventricular arrhythmia and sudden death are known 
complications of infiltrative cardiomyopathy. Despite the frequency of 
these complications, there are few data concerning results of electro- 
physiologic testing and correlation with pathologic findings in patients. 
with this disorder. In this report, we describe in detail electrocardio-_ 
graphic, electrophysiologic and pathologic findings (including results 
of serial section studies of the conduction system) in two patients, one 
with cardiac sarcoidosis and the other with cardiac amyloidosis. Both = 
patients manifested conduction defects and severe ventricular ar- 
rhythmia. There was a close correlation among the electrocardiographic, 
electrophysiologic and pathologic findings. 


Case Reports 


Case 1 (Cardiac Sarcoidosis) 


The patient was a 34 year old man of Italian ancestry who was in good health 
until June 1978, when he was admitted to a hospital in California with recurrent. 
episodes of fever and abdominal pain. An unsubstantiated diagnosis of familial. 
Mediterranean fever was made. In April 1974, he was readmitted because of 
vertigo and a syncopal episode. Results of neurologic evaluation were normal. © 
In May 1974, the syncopal episodes recurred, and the patient was readmitted. 

He was noted to have bradycardia and the electrocardiogram revealed atrio- 
ventricular (A-V) block (see later). Initially, a temporary pacemaker was inserted 
and subsequently a permanent transvenous demand pacemaker implanted. The _- 
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Rhythm strip 






obs RE pepe 


FIGURE 1. Case 
tricular {A-V} block with a P-A interval of 0.44 second and QRS com- 
plexes revealing left bundle branch block. The rhythm strip demon- 
strates a prolonged asystolic period due to paroxysmal atrioventricular 
block. 


patient then became asymptomatic until November 1974, 
when he noticed episodes of “fast heart beating.” These epi- 
; sodes were short-lived (15 minutes) and self-limited. The 
patient underwent dynamic electrocardiographic monitoring 
~ that revealed short episodes of wide QRS tachycardia (rate 
180/min). 
On November 15, 1974, after a sustained paroxysmal 
tachycardia developed, the patient was admitted to the Uni- 
-versity of Ilinois Hospital. On admission he was found to have 
_ ventricular tachycardia (see later), that failed to respond to 
- intravenous administration of lidocaine and disopyramide; 
cardioversion to sinus rhythm was accomplished with direct 
current electric shock. The physical examination after car- 
dioversion revealed a bloed pressure of 110/80 mm Hg, a pulse 





FIGURE 2. Case 1. Electrocardiogram demonstrating paroxysmal 
sustained ventricular tachycadia with a rate of 187 beats/min. The right 
bundie branch block pattern with abnormal left axis deviation suggests 
ventricular tachycardia originating from the posterior left ventricle. 






rate of 80 beats/min and normal carctid pulses. Cardiovascular 
examination revealed a normal first heart. sound and a widely 
split second heart sound that varied with respiration. There 
were no murmurs or gallops and ne other abnormal physical 
findings. 

Diagnostic cardiac catheterization on November 25 re- 
vealed normal pressures in all cardiac chambers with no gra- 
dient across the valves. The cardiae output was normal. Left 
ventricular angiography revealed a well delineated area of 
hypokinesia of the posterior left ventricle. The left ventricular 
ejection fraction was decreased (0.40). Coronary angiograms 
revealed a normal right and left coronary system. 


Review of Electrocardiograms 


The first electrocardiogram available for review, obtained 
in December 1971 revealed normal findings: normal sinus 
rhythm at a rate of 74/min, a P-R interval of 0.16 second, a 
QRS duration of 0.08 second and a mean frontal axis of 
80°. 

Electrocardiograms during the hospitalization for syncope 
(May 1974) revealed the following rhythm disturbances: (1) 
first degree A-V block (P-R interval 0.38 second) with com- 
plete right bundle branch block. (2) 2:1 A-V block with left 
bundle branch block (Fig. 1). (3) Paroxysmal A-V block with 
prolonged asystole (Fig. 1). Subsequent electrocardiograms 
showed the presence of a demand right ventricular pacemaker 
with occasional conducted beats showing first degree A-V 
block (P-R interval 0.28 second) and right bundle branch 
block with a mean frontal QRS axis of +90°. 

The electrocardiogram taken cn admission to the Uni- 
versity of Illinois Hospital (November 15, 1974) revealed a 
wide QRS tachycardia (rate 187/min), right bundle branch 
block (with a monophasic R wave in lead V; and an Rs wave 
in lead Vg) and a frontal plane axis of —60° (with QS com- 
plexes in leads H, HI and aVF) (Fig. 2). An esophageal re- 
cording revealed the presence of A-V dissociation with an 
atrial rate of 110/min. The electrocardiographic diagnosis was 
posterior left ventricular tachycardia. Subsequent electro- 
cardiograms during the hospital stay revealed sinus rhythm 
with first degree A-V block and right bundle branch block 
(Fig. 3). The demand ventricular pacemaker was functioning 
adequately with ventricular capture beats during periods of 
sinus slowing. 


Electrophysiologic Studies 


On November 27, electrephysiolcgic studies were performed 
using previously described catheter techniques.! A hexapolar 
eatheter was introduced through the right basilic vein and 











TABLE |! 
Refractory Periods in Cases 1 and 2 
Case 1 Case 2 
Sinus Paced Sinus Paced 
Rhythm Rhythm Rhythm Rhythm 
{640 ms)  (470ms)  (660ms) (470 ms) 
Atrial ERP 230 210 420 225 
Atrial FRP 290 230 530 330 
A-V nodal ERP 290 230 530 390 
A-V nodal FRP 390 370 400 340 
HPS ERP 390 370 pan ee 
RV ERP 240 iM 240 





ERP = effective refractory period; FRP = functional refractory period; 
HPS = His-Purkinje system; RV = right ventricular. 
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— (HBE). Note the prolonged A-H and H-V and normal:P-A 


-i FIGURE 3. Case 1. Electrocardiogram demonstrating 
<i sinüsrhythm, first degree atrioventricular block {P-R in- 

<- tervat:0.26 second) and right bundle branch block with 
anormal axis. 


advanced to the right ventricular apex. The proximal four 

: electrodes were positioned against the right atrial wall and 
-were used for stimulation and recording from the high right 
atrium. The distal pair of electrodes were used for right ven- 
-tricular stimulation. Refractory periods were measured during 
“sinus rhythm (cycle length 670-ms) and with atrial pacing 


a (cycle length 470 ms) utilizing the atrial extrastimulus tech- 


nique? 

- -- vControl rhythm during electrophysiologic study was sinus 
with intact A-V conduction.and right bundle branch block. 
Both the A-H and H-V intervals were prolonged (175 and 60 
“ms, respectively); the P-A interval was normal (20 ms) (Fig. 
4). With incremental atrial pacing, 1:1 A-V conduction was 


s - maintained to a paced rate of 180/min. Wenckebach periods 
proximal to the H potential were noted at a paced atrial rate 


of 190/min. The A-V conduction curves generated with the 


© atrial extrastimulus technique were normal during both sinus 


rhythm and atrial pacing. Conduction at both cycle lengths 
was limited by atrial refractoriness. All refractory periods were 
normal (Table I). The sinus nodal recovery time and sinoatrial 
conduction time were normal (780 and 115 ms, respec- 
tively}. +3 
Ventricular incremental pacing at rates of 100 to 130/min 
revealed absence of ventriculeatrial conduction. Ventricular 
coupled pacing during sinus rhythm was performed from the 
- right ventricular apex. At V1-V2 intervals of 280 to 340 ms 
single ventricular reentrant complexes, similar in configura- 
-tion to those of the spontaneous ventricular tachycardia, were 
recorded. At a Vi-Vs2 interval of 330 ms, one 19 beat episode 
-v of ventricular tachycardia was observed (QRS pattern of left 
bundle branch block). 


x 
Vi 
paS HRA 1 
-FIGURE 4. Case 1. Conduction intervals during sinus y 
rhythm. Shown are leads |, Il, Ill, V4, high right atrial HBE 


-electrogram (HRA) and two His bundle electrograms 


_ intervals. Paper speed is 100-mm/s; time lines are at 1 
Second intervals. 
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Follow-up 


On discharge from the University of Hlinois Hospital t 
patient was receiving procainamide (500 mg every 6 hour 
This drug was subsequently changed to propranolol (120 
mg/day) because of recurrent episodes of ventricular tach 
cardia observed during exercise. On June 25,1976 while ridi 
a bicycle, he collapsed and died suddenly. Routine ambulat 
electrocardiographic monitoring had been performed on 
day, and revealed an episode of ventricular tachycardia. de- 
generating into fatal ventricular fibrillation. eee 










Autopsy Findings 


Aside from the findings in the heart, the pathologic dig o 
nosis was sarcoidosis of the anterior mediastinal and para: 
tracheal lymph nodes. No evidence of sarcoidosis was founc o 
in any of the other organs. 7 





Heart: Gross Examination 


The heart weighed 359 g. The left atrium and left ventricle 
were slightly hypertrophied, and the latter was slightly en- 
larged. In the posterobasal part of the ventricular septum _ 
extending into the posterior basal wall adjacent to the mitral 
valve there was an aneurysm (Fig. 5). The endocardium lining. 
the aneurysm was thickened. The pars membranacea and the 
aortic-mitral anulus were thickened and included in the an- 
eurysm, The myocardium of the basal part of the posterior 
wall was replaced by greyish-white tissue (Fig. 5). The right. 
aortic cusp was markedly fenestrated. There was mild arte- 
riosclerotic narrowing of the anterior and posterior descending 
coronary arteries. The endocardium of the sinus of the right. 





PA=20 ms 
AH#175ms 
HV*60 ms 
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FIGURE 5. Case 1. View of the outflow tract of the left ventricle and 
of the ascending aorta (A). Note the aneurysm (arrows) in the basal part 
of the posterior ventricular septal wall and posterior wall, with sarcoid 
(S) in the posterior wall. AV = aortic valve; F = fenestration; VS = 
ventricular septum. 


ventricle close to the apex showed a fibrous tubular formation 
indicating long-standing pacemaker presence. 


Histologic Examination 


Methods: The sinoatrial (S-A) node and its approaches, the 
atrioventricular (A-V) node, bundle of His and bundle 
branches up to the level of the moderator band were serially 
sectioned, and every 10th section was retained. The atrial 
preferential pathways were serially sectioned and every 40th 
section was retained. The remainder of the heart was cut into 
blocks, and two sections were taken from each block. Con- 
secutive sections of the conduction system were stained with 
hematoxylin-eosin, Weigert-van Gieson and Gomori tri- 
chrome stains. Alternate sections of the remainder of the heart 
were stained with hematoxylin-eosin and Weigert-van Gieson 
stains. In this manner 1,416 sections were examined. 

Findings: 

S-A node: This was normal. 

Approaches to S-A node: Moderate involvement by sarcoid 
was present. 

Atrial preferential pathways: These were only slightly 
involved by sarcoid. 

Approaches to A-V node: Almost complete replacement 
of muscle by sarcoid was noted, and there was marked fibrosis 
(Fig. 6). The ramus septi fibrosi was narrowed. 

A-V node: This was likewise markedly replaced by sarcoid, 
with accompanying fibrosis (Fig. 6). 

A-V bundle, penetrating portion: Marked fibrosis was 
present with moderate involvement by sarcoid. 

A-V bundle, branching portion: There was marked fibrosis, 
with moderate involvement with sarcoid. 





FIGURE 6. Case 1. Atrioventricular (A-V) node and its approaches. Note 
the sarcoid in the approaches (Ap) to and in the periphery of the A-V 
node (N). (Hematoxylin-eosin X80, reduced by 30 percent.) 


Left bundle branch: The beginning and most of its extent 
showed marked replacement by sareoid tissue (Fig. 7, left). . 

Right bundle branch: In the first portion, there was marked 
fibrosis (Fig. 7, left). The second portion was replaced by 
sarcoid; the third portion was normal. 

Ventricular septum: The posterior portion of the summit 
was markedly replaced by sarcoid tissue accompanied by 
connective tissue (Fig. 7, right). This was less severe anteriorly. 
The more apical portion showed moderate involvement with 
sarcoid. 

Left ventricle. Anterior wall: This was free of sarcoid 
tissue. 

Left ventricle. Posterior wall: In the greyish-white area seen 
grossly, there was almost complete involvement by sarcoid 
with marked fibrosis and hyalinization. 

Right ventricle: This was moderately involved with sar- 
coid. ; 

Sarcoid tissue: This consisted of single and conglomerate 
granulomas. The latter contained giant cells of the Langhans 
type, many with asteroid bodies, aceompanied by numerous 
lymphocytes and epithelioid cells. Severe fibrosis accompa- 
nied many of the lesions. 


Case 2 (Cardiac Amyloidosis) 


The patient was a 53 year old man who was in good health 
until 1975, when he noted the gradual onset of dyspnea on 
exertion. One year later he noted chest pain on exertion. 
Coronary angiography at that time revealed normal coronary 
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FIGURE 7. Case 1. Left, bifurcation of atrioventricular bundle (arrows). Note the complete obliteration of the right side of the bifurcation (beginning 
of the right bundle branch [RBB]) by fibrosis, and the marked involvement of the beginning of the left bundle branch (LBB) by sarcoid. The summit 
of the ventricular septum (V) is involved in sarcoid and fibrosis. (Weigert-van Gieson X30, reduced by 30 percent.) Right, posterior wall of the left 
ventricle involved in sarcoid. (Hematoxylin-eosin X30, reduced by 30 percent.) 


‘arteries and mild left ventricular dysfunction. During a 
treadmill exercise test, premature ventricular complexes were 
detected, and he was given propranolol. In January 1977, he 
suddenly experienced blurred vision, slurred speech and 
right-sided weakness that resolved within a period of 24 hours. 
Results of neurologic examination were normal. One month 
later, signs and symptoms of overt congestive heart failure 
developed. Administration of propranolol was discontinued, 
maintenance therapy with digitalis was instituted and treat- 
ment with procainamide (2 g/day) was begun. On March 22 
he had a syncopal attack accompanied by generalized seizures 
and urinary incontinence. He was admitted to a community 
hospital where recurrent attacks of ventricular tachycardia 
and fibrillation were documented. These were refractory to 
multiple antiarrhythmic drugs. 

On March 31 he was transferred to the University of Illi- 
nois Hospital for further evaluation. On admission, physical 
examination revealed a blood pressure of 110/70 mm Hg, pulse 
rate of 95 beats/min, mild jugular venous distension and 
normal carotid pulses. Cardiac examination revealed an active 
precordium with the left ventricular impulse being diffuse and 
displaced laterally. The first heart sound was soft, the second 
heart sound single, and there was a ventricular gallop sound. 
The lungs were clear, the liver was not enlarged and there was 
no edema. The chest roentgenogram revealed cardiomegaly 
with prominent pulmonary vasculature. After admission, 
administration of all drugs was discontinued while the patient 


was observed. On April 4 several episodes of ventricular 
tachycardia and fibrillation developed necessitating multiple 
direct current cardioversions. After cardioversion, he had 
prolonged periods of asystole and required temporary 
pacing. 

Diagnostic cardiac catheterization and electrophysiologic 
study (see later) were performed on April 5. He had single 
vessel coronary artery disease (60 percent narrowing of the 
luminal diameter of the marginal branch of the left circumflex 
artery), mild left ventricular dysfunction (end-diastolic 
pressure 15 mm Hg) with restrictive cardiomyopathic pattern 
and depressed cardiac index (2.2 liters/min per M?). Left 
ventricular angiography revealed mild mitral regurgitation, 
with no segmental areas of dyskinesia. The ejection fraction 
was 40 percent. After cardiac catheterization, and despite 
treatment with temporary pacing and antiarrhythmic drugs, 
recurrent episodes of ventricular tachycardia and fibrillation 
developed. A permanent pacemaker was implanted, but he 
became progressively confused, dyspneic and hypotensive. 
He died on April 10 with ventricular fibrillation. 


Review of Electrocardiograms 


The electrocardiogram on admission revealed paroxysmal 
atrial tachycardia (atrial rate 186 beats/min) with 2:1 A-V 
block (ventricular rate 93/min). The mean frontal QRS axis 
was —20° and there was low voltage of the QRS complex in the 
standard and augmented limb leads. There were QS com- 
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FIGURE 8. Case 2. Admission electrocardiogram demonstrating paroxysmal atrial tachycardia with 2:7 atrioventricular block {atrial rate 186 and 
ventricular rate 93 beats/min). The P waves are best visualized in lead V4. Also note low voltage in the limb leads, the QS complexes ir leads V, 


and V; and nonspecific ST-T wave changes. 


plexes in leads V; and Vo, as well as nonspecific S-T and T 
wave changes (Fig. 8). Episodes of paroxysmal atrial tachy- 
‘cardia with 2:1 block alternated with periods of sinus rhythm 
with sinus rates of 50 to 90 beats/min. 

Multiple episodes of ventricular flutter were recorded that 
degenerated quickly into ventricular fibrillation (Fig 9). These 
necessitated emergency direct current cardioversion. 


_Electrophysiologic Studies 


Electrophysiologic studies were performed while the patient 
had sinus rhythm. The P-A interval was 50 ms (prolonged), 
the A-H interval 110 ms and the H-V interval 85 ms (pro- 
longed).! Sinus nodal recovery time at a paced rate of 130/min 
averaged 1,470 ms.! However, very prolonged recovery times 
up to 6,080 ms were recorded (Fig. 10). 

With incremental atrial pacing, intaet A-V conduction was 
maintained up to a paced rate of 160/min. A-V nodal 
‘Wenckebach periods were noted at a paced rate of 170/min.. 
Atrial extrastimulus testing during beth sinus rhythm and 
atrial driving revealed normal A-V conduction curves. Atrial 
éffeetive and functional refractory periods were markedly 
prolonged; all other refractory periods were normal (Table 

2 


Ventricular incremental! pacing at rates of 100 to 250/min 
revealed absent ventriculoatrial conduction. Ventricular ex- 
-trastimulus testing (including S-S; stimulation) during sinus 
rhythm and a paced ventricular cycle length of both 500 and 
860 ms failed to induce either ventricular tachycardia or re- 
-petitive ventricular firing. 


-Autopsy Findings 
Aside from the findings in the heart, the pathologic diag- 
‘poses were: (1) amyloidosis with involvement of the liver, 
tongue, skeletal muscle, esophagus and vessels of the lungs, 
stomach, colon and adrenal glands; (2) pulmonary edema; (3) 
collapse of lower lobes of lungs; (4) chronic passive hyperemia 
of the liver; (5) chronic pyelonephritis; and (6) acute hemor- 
erhagic cystitis. There was no evidence of multiple myeloma. 


Heart: Gross Examination 
The heart weighed 770 g. All chambers were hypertrophied 
and enlarged. Hemorrhagic zones were noted in the region of 
the S-A node and in the endocardium of the right atrium. 
Focal areas of endocardial thickening and whitening were 
noted in the left atrium and ventricle. A thrombus was present 
in the right atrial appendage. 


Microscopic Examination 


Methods: The S-A node and its approaches, the A-V node 
and its approaches, the A-V bundle and bundle branches up 


to the region of the moderator band were serially sectioned 
and every 10th section was retained. The atrial preferential 
pathways were serially sectioned and every 40th section was 
retained. The remainder of the heart was cut into biocks and 
two sections were taken from each block. Consecutive sections 
of the conduction system were stained with hematoxylin- 
eosin, Weigert-van Gieson and Gomori trichrome stains. Al- 
ternate sections of the remainder of the heart were stained 
with hematoxylin-eosin and Weigert-van Gieson stains. In 
addition, sections were stained with methyl violet for meta- 
chromasia and with Congo red, and tested for greer birefrin- 
gence with the polarized microscope to detect amyloid. In this 
manner 1,232 sections were examinad. 

Findings: S-A node; A slight infiltration of amyloid was 
present. The arterioles however showed considerable amyloid. 
The cells of the upper and lower poles were the sea: of acute 
degeneration. The periphery of the node showed marked fatty 
infiltration. 

Appreaches to the S-A node: There was marked diffuse 
infiltration of amyloid in the myocardium (Fig. 11, eft). The 
epicardium and endocardium were similarly infiltrated, as 
were all the vessels. Marked fatty infiltration and moderate 
necrosis of the myocardium were also present. Narrowing of 
vessels was present only at the anteriolar level. There was a 
slight infiltration of mononuclear cells in the epicardium. 

Atrial preferential pathways: Marked infiltration of am- 
yloid in the myocardium and endocardium with severe de- 
generation of musele cells and atrophy of muscle cells was 
present (Fig. 11, right}. In addition, there was acute focal ne- 
crosis of muscle cells. The arterioles were infiltrated with 
amyloid and the small arterioles were narrowed. 

Approaches to A-V node: Marked infiltration of amyloid 
was present with atrophy of muscle cells. There was marked 
arteriolosclerosis with amyloid infiltration. 

A-V node: The periphery of the node showed marked fatty 
infiltration with acute focal necrosis, and moderate amyloid 
infiltration that involved fat tissue as well. There was slight 
focal infiltration with mononuclear cells. 

A-V bundle, penetrating portion: The periphery was 
moderately infiltrated with amyloid. There was slight to 
moderate fatty infiltration. An occasional focus of fibrosis was 
present. 

A-V bundle, branching portion: The periphery showed 
marked amyloid infiltration. The cells of the bundle were 
smaller than normal. The vessels showed amyloid. 

Left bundle branch: Marked infiltration with amyloid (Fig. 
12, left) with shrinkage of cells and loss of cells was present. 
The cells that remained were smaller than Purkinje cells. 

Right bundle braneh: Severe amyloid infiltration, fatty 
infiltration and marked shrinkage of cells were evident in the 
first portion and in the beginning of the second portion (Fig. 


168 January 1980 The American Journal of CARDIOLOGY Volume 45 





12; right). Involvement was less in the remainder of the second 

< and the third portions. 

- ~~ Left ventricle: The myocardium was markedly and diffusely 
involved with amyloid in both the anterior and the posterior ' 
walls as well as in the septum. 

Right ventricle: Involvement was less than in the left ven- 
~~ tricle. 

Atria: The atrial myocardium and endocardium were in- 
--volved with amyloid. 


Discussion 


-= Infiltrative disease of the heart such as sarcoidosis* '® 
and amyloidosis!®~* with particular involvement of the 
-conduction system resulting in cardiac arrhythmias has 
: often been reported. However, very few cases have been 
described in which there has been careful correlation 
of electrophysiologic and pathologic findings. Takagi 
et al.) reported the only case of cardiac sarcoidosis and 
~ Rosen et al.°°22 reported three cases and Bharati et al.*4 
one case of cardiac. amyloidosis with such correlation. 

Electrophysiologic-pathologic correlations in 
Case 1: In Case 1, electrocardiograms and electro- 
- physiologic studies suggested significant conduction 
__ disease. There was A-V nodal dysfunction as manifested 
- bya prolonged A-H interval (which appears primarily 
__ responsible for electrocardiographically diagnosed first 
_ degree A-V block). However, studies of A-V nodal 
_ pacing response and refractory period yielded normal 
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FIGURE 9. Case 2. Rhythm strips demonstrating ventricular flutter {A} 
and ventricular fibrillation (B). : 


findings. There was definite dysfunction in the His- _ 
Purkinje system as manifested by electrocardiograph- 
ically diagnosed right bundle branch block and by H-V 
prolongation (suggesting conduction delay in either the 
distal His bundle or left bundle branch system). 
Because His bundle electrograms were not recorded 
during the episodes of A-V block in 1974, a definite site 
of block could not be determined. However, the occur- 


IGURE 40. Case 2. Continuous rhythm strips showing sinus nodal recovery time. The recovery time at a paced atrial cycle length of 340-ms is. 
greater than 5 seconds (note first atrial escape at end of the bottom strip). Atrioventricular (A-V) junctional escape with A-V junctional rhythm occurs - 
e : ‘well before the occurrence of the sinus or the atrial escape. Time lines are at 1 second intervals. Abbreviations as in Figure 4. Te 
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FIGURE 11. Case 2. Left, approaches to the sinoatrial node. Note the marked degeneration of muscle cells surrounded by amyloid rings. (Hema- 
toxylin-eosin X 200, reduced by 31 percent. Right, atrial preferential pathways. Note the focal necrosis of myocardial (M) cells with amyloid in the 


endocardium (E). (Hematoxylin-eosin X30, reduced by 31 percent.) 


rence of right bundle branch block with intact A-V 
conduction, 2:1 A-V block, left bundle branch block and 
the prolonged paroxysm of A-V block suggested that the 
episode of A-V block was within the bundle branches 
(bilateral bundle branch block). It is not clear why A-V 
block was a clinical problem for only a relatively short 
period in the patient’s life. There was no subsequent 
evidence of recurrence of second or third degree A-V 
block in any recorded electrocardiograms. 

On the basis of these findings, one would predict 
widespread conduction disease involving the A-V node, 
possibly the His bundle and definitely both bundle 
branches (with the right bundle branch possibly being 
more severely involved than the left). There was no 
electrocardiographic or electrophysiologic evidence of 
sinus node or atrial disease. There was also evidence of 
significant electrophysiologic involvement of the left 
ventricle. Ventricular tachycardia had a QRS pattern 
of right bundle branch block with left axis deviation, 
suggesting an origin of ventricular tachycardia from the 
posterior left ventricle. This was totally consistent with 
the left ventricular angiographic findings of a hypoki- 
netic posterior left ventricle in the absence of significant 
obstructive coronary disease. Electrophysiologic study 
did not allow replication of this tachycardia; therefore, 
a specific mechanism was not delineated. The parox- 


ysmal onset and offset of this ventricular tachycardia 
was consistent with it being reentrant. The 19 beat ep- 
isode of ventricular tachycardia with a left bundle . 
branch block pattern, initiated during electrophysio- 
logic study with the ventricular extrastimulus tech- 
nique, was consistent with a reentrant tachyeardia 
originating in the right ventricle (thus suggesting right 
ventricular involvement as well). It is not known 
whether this ventricular tachycardia occurred sponta- 
neously. 

In correlating these electrophysiologic data with the 
pathologic findings, it must be noted that the electro- 
physiologic studies were performed in November 1974 
and the patient died in June 1976. Thus the pathologic 
changes may be more extensive than the electrophysi- 
ologic studies indicated. Nevertheless; there is good 
correlation between the electrophysiologic and patho- 
legic findings. There was moderate involvement by 
sarcoid of the approaches to the S-A node and marked 
involvement of the approaches to the A-V node, the A-V 
node, the His bundle and both bundle branches by 
sarcoid. As indicated electrophysiologically, there was 
little disease in the S-A node and the atrial preferential 
pathways. However, the approaches to the S-A node 
revealed more disease than expected, and this difference 
may be related to further evolution in the 2 year period 
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FIGURE 12. Case 2. Left, left bundle branch. Note the amyloid infiltration in the left bundle branch (arrows) with marked destruction of muscle cells 


(M). (Hematoxylin-eosin X80, reduced by 31 percent.) Right, right bundle branch. Note the marked infiltration of the right bundle branch (arrows) 
by amyloid with almost complete destruction. (Gomori trichrome stain X80, reduced by 30 percent.) 


between the time of electrophysiologic study and the 
time of death. The replacement of the posterior basal 
septal and posterior wall of the left ventricle by sarcoid 
fits in well with the diagnosis of posterior left ventricular 
tachycardia. 

Electrophysiologic-pathologic correlations in 
Case 2: Multiple conduction abnormalities were de- 
lineated in this patient. Sinus nodal function was ab- 
normal, as manifested by prolonged asystole after car- 
dioversion (this finding is also consistent with a decrease 
in automaticity throughout the heart) and by very 
prolonged sinus nodal recovery time. Atrial disease was 
manifested by clinically observed paroxysmal atrial 
tachycardia (with block), a prolonged P-A interval and 
markedly prolonged atrial refractoriness. A-V nodal 
function appeared adequate on the day of electro- 
physiologic study. His-Purkinje function was abnormal, 
as manifested by a prolonged H-V interval with narrow 
QRS complexes. The prolonged H-V interval therefore 
reflected either conduction delay within the His bundle 
or bilateral equivalent bundle branch delays. Ventric- 
ular electric dysfunction was manifested by recurrent 
episodes of ventricular flutter and fibrillation. The lack 
of ventricular repetitive firing with extrastimulus 
testing was surprising in view of the patient’s demon- 
strated propensity to ventricular flutter and fibrillation. 
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The ventricular electric dysfunction was also consistent 
with restrictive cardiomyopathy, as diagnosed from 
cardiac catheterization data. 

The electrophysiologic studies in this case were per- 
formed shortly before death. Hence the correlation with 
pathologic findings would be expected to be more exact 
than that in Case 1. Consistent with the electrophysio- 
logic findings, there were marked changes throughout 
the conduction system. Although the S-A nodal pa- 
renchyma did not show much change, the approaches 
to the S-A node were markedly involved by amyloid 
infiltration and with muscle degeneration as were the 
atrial preferential pathways and the approaches to the 
A-V node. Only the periphery of the A-V node was in- 
filtrated with amyloid. Marked involvement of the 
bundle branches was present with amyloid infiltration 
and destruction of parenchyma. 

Cardiac sarcoidosis: In sarcoidosis the heart is in- 
volved in about 13 to 25 percent of cases.817-18 Cardiac 
sarcoidosis is usually associated with lymph node and 
frequently with lung involvement. It often leads to heart 
block,4:!7!8 ventricular arrhythmias**!7 and sudden 
death.78-1216.17 The posterior wall of the left ventricle 
is a site of predilection for sarcoid, and aneurysm of the 
left ventricle has been reported.!’ The atria are rela- 
tively spared in sarcoidosis. Few conduction system 
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-studies have been performed in this disease.!® Those 
available have revealed involvement of the A-V node 
and bundle. 
_, Cardiac amyloidosis: Amyloidosis may be primary, 
or secondary to other chronic diseases. When it is pri- 
mary, the disease, especially the senile form, may be 
localized only to the heart.3! Whether it is primary or 
secondary, the heart is involved in about 70 percent of 
~cases.2? The atria (especially the left) are more involved 
than the ventricles.*! The amyloid infiltration com- 
presses ventricular muscle cells, frequently causing 
congestive heart failure. All parts of the conduction 
system may be extensively involved. According to 
James,” the S-A node is especially infiltrated with 
amyloid. The reported conduction disturbances2!-*5 
include atrial fibrillation, sinus arrest, first degree A-V 
block, bundle branch block, advanced and complete 
ZA-V block and serious ventricular arrhythmia. Our Case 
is the first case associated with ventricular tachycardia 
to be reported. 
Clinical implications: These two cases of infiltrative 
cardiomyopathy have several clinical features in com- 
mon. Both patients manifested serious conduction de- 
fects (atrioventricular and intraventricular in Case 1, 
and sinoatrial in Case 2), as well as ventricular ar- 
rhythmia. In both cases, the ventricular arrhythmia was 
serious, being the direct cause of death in Case 1 and an 
important contributory cause in Case 2. In both cases, 
arrhythmias were the dominant feature of the disease 


process and the reason for referral to our medical center. 
Cardiac catheterization in both cases demonstrated 
myocardial dysfunction (localized in Case 1 and gen- 
eralized in Case 2). Extracardiac biopsy could have 
provided a definitive diagnosis in both cases; a scalene 
node biopsy prebably would have been positive for 
sarcoid in Case 1, and biopsy of the rectum, gingiva or 
tongue would almost certainly have been positive for 
amyloid in Case 2. Catheter endocardial biopsy in both 
cases would probably also have provided definitive 
histologic diagnesis. The premortem demonstration of 
sarcoidosis in Case 1 would have led to consideration of 
use of corticosteroids, which might have had a benevo- 
lent effect on this patient’s clinical course. It is doubtful 
that any specific intervention would have changed the 
course of Patient 2. 

It is our opinion that these cases support the value of 
extensive noninvasive and invasive diagnostic studies 
in patients with sericus, apparently primary, arrhyth- 
mia. In selected patients with arrhythmia or conduction 
system disease, either extracardiac or cardiac biopsy 
(endocardial or open), would seem appropriate in an 
attempt to establish definitive diagnosis of a specific 
cardiomyopathic precess. This procedure would be 
particularly important in young patients with wide- 
spread conducticn disease and evidence of localized or 
generalized ventricular involvement. Such a demon- 
stration might allow specific therapeutic interventions 
in addition to the usual antiarrhythmic therapy. 
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Coughing has been shown to be helpful in altering the bradycardia and 
hypotension that may occur after intracoronary injections of contrast 
medium and can enable a patient to maintain consciousness during epi- 
sodes of ventricular fibrillation and asystole. This report describes a patient 
with ischemic heart disease in whom 33 episodes of drug-refractory 
ventricular tachycardia were converted to normal sinus rhythm after 
abrupt forceful coughs were performed on command. When the patient 
was unable to cough as directed, external electric countershock was 
necessary to terminate the arrhythmia. These findings suggest that the 
cough may in isolated cases be effective in the conversion of potentially 
fatal ventricular tachyarrhythmias. 


The current therapy for ventricular tachycardia frequently involves 
electric conversion, which may be accomplished with direct current 
external countershock,! rapid atrial or ventricular stimulation with a 
pacemaker? or administration of timed intraventricular electric stimuli.3 
Intravenous drugs are also effective.4 Another mode of treatment consists 
of mechanical stimulation, either by a direct blow to the chest wall (chest 
thump)? or by stimulation of the endocardial surface during manipu- 
lation of the catheter or pacemaker wire.® A fourth method, to be dis- 
cussed, may be the cough. Coughing is known tc aid in the conversion 
of the bradycardia and hypotension observed after intracoronary in- 
jection of contrast medium,’* and it can temporarily enable a patient 
to maintain consciousness during episodes of ventricular fibrillation and 
asystole.?!° This report describes a patient with ischemic heart disease 
whose drug-refractory recurrent ventricular tachycardia was repeatedly 
and consistently converted to normal sinus rhythm by abrupt forceful , 
coughs performed on command. 


Case Report 


A 64 year old man with hypertension and two previous myocardial infarctions, 
the most recent one 2 weeks before admission, was transferred for evaluation 
of postinfarction chest. pain associated with ventricular tachyarrhythmias re- 
fractory to conventional drug therapy. Physical examination revealed a blood 
pressure of 100/60 mm Hg, a regular pulse of 160/min and an apical impulse 
displaced 2 cm lateral to the mid clavicular line in the fifth left intercostal space. 
No murmurs or rales were present. The electrocardiogram on admission (Fig. 
1, top) revealed ventricular tachycardia. During normal sinus rhythm (Fig. 1, 
bottom) the QRS axis was —60° and there were signs dan old anteroseptal in- 
farction with slight S-T elevation in leads V; to V4. The chest radiograph revealed 
cardiomegaly and minimal pulmonary congestion. Twenty-four hour continuous 
electrocardiographic monitoring demonstrated frequent multiform ventricular 
premature complexes, as well as episodic ventricular tachycardia requiring 
cardioversion. A thallium-201 myocardia! perfusion scan showed biventricular 
dilatation with a large perfusion defect in the anterior wall, apex and septum. 
The gated blood pool sean revealed an akinetic distal anterior wall and hypo- 
kinesia of the proximal anterior and inferior walls, with an ejection fraction of 
less than 30 percent. A His bundle electrocardiogram confirmed the ventricular 
origin of these tachyarrhythmias (Fig. 2). 

Antiarrhythmic therapy and cough induced conversion: Despite therapy 
with multiple antiarrhythmic agents, including propranolol, procainamide, 
quinidine, lidocaine and aprindine, an investigational agent, the patient con- 
tinued to have ventricular tachyarrhythmias, requiring chest thump and-external 
electric countershock daily, until he learned to cough forcefully to convert the 
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TABLE | 
_ Episodes of Ventricular Tachycardia 
A Chest Thump- External 
-Hospital Converted or Countershock Cough- 
Day Attempted Required Converted 
1 Yes 2 — 
2 Yes 3 — 
3 Yes 3 — 
4 Yes 4 — 
5 No 0 3 
6 No 0 1 
7 No 0 19 
8 Yes 4 Unable to cough 
9 Yes 1 Unable to cough 
40 Yes 2 Unable to cough 





ventricular tachycardia. By- performing repeated forceful 
“coughs on command, the patient himself successfully con- 
verted 33 episodes of ventricular tachycardia (Fig. 3). The 


episodes were usually associated with a decrease in blood 


-pressure and averaged 25 seconds in duration (range 3 to 34 
-= seconds). A single cough was seldom successful in converting 
-the tachycardia; several coughs in close succession were usu- 
ally required. Both chest thump and external electric coun- 
__tershock were required daily except on the days when the 
"patient was able to cough (Table I). After the patient became 
_ disoriented because of poor cerebral perfusion (secondary to 
-left ventricular dysfunction) and possible effects of drug 
therapy, he was no longer able to cough as directed, and ex- 


ternal electric counter-shock again became necessary daily 
until he died. 


Discussion 


The episodes of cough-converted ventricular tachy- 
cardia in this patient demonstrate the usefulness of the 
cough in abolishing potentially fatal ventricular 
tachyarrhythmias. Although spontaneous conversion 
_ of ventricular tachycardia may have also occurred in this 
patient, both chest thump and external countershock 
were still required daily whenever patient was unable 
z to cough as directed, yet neither was needed when 
coughing was possible. The cough-induced conversion 


may have been facilitated by drug therapy. However, 


because coughing successfully converted ventricular 
arrhythmias with both the narrow (Fig. 1 and 2) and the 





aS FIGURE 1. Electrocardiograms obtained (top) during ventricular 
tachycardia confirmed by His bundle electrograms and (bottom) later 
the same day during normal sinus rhythm. 
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FIGURE 2. His bundle electrogram confirming the A origin of = 
this patient's tachyarrhythmia. The ventricular depolarization begins 
(dotted vertical line) before the His bundle deflection (A) and inde- 
pendently of the atrial deflection (A). HBE = His bundle electrogram; me 
RA = right atrial electrogram. 


wider (Fig. 3) ventricular complexes, it appears unlikely _ 
that the drug-related QRS widening was solely re- 
sponsible for the arrhythmia conversion. =< 
Mechanisms of cough conversion of ventricular ne 
tachycardia. Although it is not clear how the cough _ 
converts ventricular tachycardia to: normal sinus- 
rhythm, several mechanisms may be considered. One _ 
possibility is the conversion of mechanical input into- 
electric activation resulting in depolarization, the _ 
mechanism proposed to be responsible for conversion _ 
induced by chest thump.!!-!2 Another possibility is that _ 
increased coronary perfusion decreased myocardial _ 
ischemia. Increased perfusion could result from the | 
increase in aortic pressure as well as reflex coronary 
vasodilatation caused by activation of baroreceptors. and. 
pulmonary inflation reflexes.™1314 However, decreased: 
left ventricular filling as a result.of the cough may cause. 
changes in conduction and automaticity.!-!" In addi- 
tion, although vagal innervation of the ventricles is- 
sparse,!8-19 vagal stimulation could alter the electric. 
properties of ventricular tissue.2° It is likely thata- 
combination of factors may be responsible for cough-. 
induced conversion of ventricular tachycardia to sinus 
rhythm. l 
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UNABLE TO COUGH 100 WAT T- SECONDS: 





FIGURE 3. Three tracings taken during ventricular tachycardia. The two- 
top tracings demonstrate conversion to normal sinus rhythm byre- 
peated coughs, as marked by the vertical lines. The bottom tracing, _ 
taken after the patient was unable to cough as directed, shows that 
external countershock (100 WATT SECONDS) was required- for con= 
version. The rate of tachycardia in the three tracings was altered asa. 
result-of drug therapy. A single cough was seldom successful; several 
coughs in close succession were usually required. i 
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Mechanical and electric energy produced by 
cough: In external direct current countershock, as little 
as 1 to 10 joules may be required to convert ventricular 
tachycardia to normal sinus rhythm.® For external chest 
thump, the threshold for ventricular depolarization 
ranges from 0.04 to 1.5 joules.2! With intraventricular 
< electric stimulation, the energy required ranges from 
about 0.00003 to 0.0002 joules. With intrathoracic 
stimulation (that is, during a cough), the amount of 
energy required for conversion is not known. However, 
the energy from chest thump may be dissipated over a 
portion of the chest; therefore, the energy requirement 
of the cough might be similar to that of the chest 

thump. 
' During a cough the intrathoracic pressure usually 
increases by 50 to 250 mm Hg, and may increase by as 
much as 450 mm Hg." The linear air velocity is 50 to 120 
m/s, and may go as high as 280 m/s, approaching the 


speed of sound.?23 The amount of air expired during’ 


a cough normally ranges from 1 to 3 liters.2425 From 
these values, one would estimate the amount of kinetic 


energy generated to be about 1 to 25 joules. Thus, | 
strictly on the basis of energy considerations, it may be 


feasible for the cough to produce sufficient mechanical 
energy to cause cardiac depclarization. 

‘Advantages of the cough in converting ventric- 
ular tachycardia: In comparison with other methods 
of arrhythmia conversion, coughing is simple and easy 
to perform with minimal instructions, and it may be 
done even when the patient’s position or location is not 
«easily accessible to personnel. There is no trauma or 
- ¢omplieation, such as burns, chest fractures or myo- 
“cardial injury. Because it requires no additional per- 


sonnel or equipment, this method is readily available. 
In contrast to the use of electric countershock, in which 
time is needed to obtain the cefibrillator, apply the 
electrode jelly, charge the equipment fully and position 
the electrodes on the chest, no delay is necessary for the 
cough. Also, in contrast to drug therapy, in which a time 
lag exists between intervention and the onset of effect, 
no critical time is lest, because the cough can be im- 


_mediately performed and is immediately effective. 


Furthermore, the cough can enable a patient to main- 
tain consciousness even when the ventricular arrhyth- 
mia persists.’ 

Although cough-induced arrhythmia conversion 
appears to be a relatively rare phenomenon, its signifi- 
cance remains undetermined. Coughing was successful 
in two other patients with ventricular tachycardia that 
occurred after injection of intracoronary contrast me- 
dium in the cardiac catheterization laboratory. How- 
ever, because in each case the arrhythmia was a single 
episode and there was no recurrence, it is possible that 
the tachycardia might have reverted spontaneously 
after withdrawal of the catheter and dissipation of the 
contrast medium. 

Clinical applieation: During the initial moments of 
ventricular tachycardia, when personnel and equipment 
are not immediately available, the defibrillator is being 
charged, the patient is still conscious, the myocardium 
is not markedly ischemic and the energy requirement 
for cardioversion is still low, the patient should be in- 
structed to cough forcefully and repeatedly. The elec- 
trocardiogram should then be checked for any changes 
in rhythm before chest thump or electric countershock 
is administered. 
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PROBLEM: 





CHEST PAIN 


ABSENT 
ATYPICAL 
ANGINA 


ECG STRESS TEST RESULTS 
NORMAL EQUIVOCAL ABNORMAL 





Itisnow generally accepted that ECG Stress Testing, alone, 
is insufficiently sensitive and insufficiently specific to be diagnostic 
in many cases. (Ref. 1-8) 





(CARDIOKYMOGRAPHY) 


Recent investigations have 
shown that a second test such as 
CKG,™ Thallium Scintigraphy or 
Fluoroscopy can substantially in- 
crease diagnostic accuracy. (Ref. 2) 


WHY CKG? 


The CKG™ provides an accu- 
rate, easy to interpret analog rep- 
resentation of left ventricular wall 
motion. (Ref. 9) 

CKG™ is anon-invasive low 
cost test that can be done in the 
office right along with ECG Stress 
Testing. 
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You probably want to know a 


lot more about this important new 
technique. Call or write for addi- 
tional information. 
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of Electrocardiographic Exercise Stress 
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Coronary Artery Disease. N Engl J Med 300 
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Detry JR, Kapita BM, Cosyns J, etal: Diagnos 
tic Value of History and Maximal Exercise 
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_ Announcing the “ee 
comprehensive study — 

S of. _.the most fascinating 
syndrome in Cardiology... 


"THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 

ssoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, 
< Tel Hashomer, University of Tel Aviv-—Sackler School of Medicine, and Visiting 
Assoc, Professor, Dept. of Medicine, University of Alabama. 


3 Henry N. Neufeld, MD, FACC 

x: Professer of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart 
: Institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Tel Aviv— 
Sackler School of Medicine. 







































Every cardiologist, internist, pediatrician, surgeon — indeed, 
every physician — should have a good basic knowledge of 
The Pre-Excitation Syndrome. Here are just a few reasons why 
this isso essential: 

ofall pre-excitation cases are misdiagnosed. 

% to 10% of all tachycardias in adults are produced by 
~ pre-excitation. ~ 

In of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

vsto v2 of all children with pre-excitation have an 
additional heart disease: 


| Starting with Wolff, Parkinson and White's classic paper, this 
- book gives a comprehensive summary of all important facts 
__ of pre-excitation, plus the authors’ personal experiences of 
ollow-up ‘studies of patients through many decades. It also 
brings.a broad view of the literature and discusses the 
ifferent structural and physiological aspects which form the 
athomechanism of pre-excitation, 
Vhat is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
- even-handedness, dealing objectively with all viewpoints but 
-at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is broght a wisdom 
ere waich- only time and experience can provide, The 
encyclopedic references alone would make the book 
valuable to anyone seriously interested in the Wolff- 
arkinson:White syndrome. But when knowledgeable 
iscussion and personal observations are added, it is 
enuinelya monumental contribution to clinical cardiology 
and cardiac electrophysiology.” 
“Thomas No James, MD 
_ The Mary Gertrude Waters Professor of Cardiology and Chairman of 
“the Department of Medicine, The University of Alabama in Birming- 
< ham, and Physician-in-Chief. University of Alabama Hospitals. 










I Yorke Medical Books, 666 Sth Ave., P.O. Box 876, N.Y., N.Y. 10019 


: l Pleasesend mea copy of THE PRE-EXCITATION SYNDROME at 
q $33.00. I may use the book for 30 days and if not completely 
tisfied, return it for full credit or refund. 

Bill me plus-cost of shipping 

Payment enclosed, publisher pays for shipping 

I Charge my credit-card 

I Li. Master Charge (©) Visa 

I Card No. 0 Expire Date 
l NAME et) areata Sy ae oa Pian cree So ne 
I 
l 
l 








| aTY. _ STATE ZIP 


| “Netw York residents add sales tax, Outside Western Hemisphere prepay in U.S. 
funds or charge to credit card and add $5.00 per copy. AJC-1/86 
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NITROSTAT® 
(nitroglycerin tablets, USP) 


INDICATIONS 

Nitrostat is indicated for the prophylaxis, treat- 
ment and management of patients with an- 
gina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contraindi- 
cated in patients with.early myocardial infaxc- 
tion, severe anemia, increased intracranial 
pressure, and those with a known hypersensi- 
tivity to nitreglycerin. 


PRECAUTIONS 

Only the smallest dose required for effective 
relief of the acute anginal attack should be 
used. Excessive use may lead to the develop- 
ment of tolerance. Nitrostat tablets are in- 
tended for sublingual or buccal administration 
and should not be swallowed. The drug 

should be discontinued if blurring of vision or 
drying of the mouth occurs. Excessive dosage 

of nitroglycerin may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immediately 
after use. Vertigo, weakness, palpitation, and 
other manifestations of postural hypotension 
may develop occasionally, particularly in 
erect, immobile patients. Syncope due to ni- 
trate vasodilation has been reported. Aleoho: 
may accentuate the cerebral ischemia 
symptoms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under the 
tongue or in the buccal pouch at the first signoof 
an acute anginal attack. The dose may be re- 
peated approximately every five minutes until 
relief is obtained. Nitrostat may be used pro- 
phylactically five to ten minutes prior to engag- 
ing in activities which might precipitate an 
acute attack. 


HOW SUPPLIED 

Nitrostat is supplied in four strengths in bottles 
containing lC tablets each, with color-coded 
labels, and in color-coded Patient Conven- 
ience Packages o: four bottles of 25 tablets each. 

0.15 mg (1/400 grain): N 0671-0568-24 [06]— 
Ctn. of 10 botiles of 100 tablets; N 0071-6568-13— 
Convenience Package. 

0.3 mg (1/200 grain): N 0071-0569-24 [06]— 
Ctn. of 10 bottles cf 100 tablets; N 0071-0569-13— 
Convenience Package. 

0.4 mg (1/156 grain): N 0071-0570-24 [06]— 
Ctn. of 10 bottles cf 100 tablets; N 0071-0576-13— 
Convenience Pacxage. 

0.6 mg (1/100 grain): N 0071-0571-24 [06]— 
Cin. of 10 bottles of 100 tablets; N 0071-0571-13— 
Convenience Pacsage. YF 








PARKE-DAVIS 


Warner-Lamber? Co 


Morris Plains, NJ 07950 USA PD-JA-2810-1-P (7-79) 


AttHEeniticalltimes 
Offantanginaattackes 


O allows your patient to store one bottle of Nitrostat 25s 
for immediate use at four different locations 


O is more stable than conventional nitroglycerin tablets 


O has an average assay better than 100% of label claim 
for at least 60 months after manufacture* 


C is useful as sole therapy; is useful as concomitant therapy g 
with long-acting nitrates and/or propranclol hydrochloride ANN 
*Five-year expiration date when stored at recommended 


conditions in an unopened bottle. 
Data on file, Parke-Davis. 


Please see preceding page for brief summary of 
prescribing information. 


~. Warner-Lambert Co 
©1979 Warner-Lambert Cot p Morris Plains, NJ 07950 USA 





the preferentia 


Artist's interpretation of 
cell membranes showing 
beta, - and beta, -receptor 
sites with beta, sites being 
selectively blocked. 


Beta, -receptor site, blocked. 





Lopressor 


metoprolol tartrate 


works where it should- 
not where it shouldn't 
inhypertension 


The beta blocker with a significant preference 
for beta, receptors in the heart* 


Lopressor represents a major step forward in 
more specific beta blockade. 


Unlike the nonselective beta blocker, propran- 
olol, which indiscriminately blocks both beta, 
and beta, adrenoreceptors, Lopressor is rela- 
tively selective, that is, it exerts a preferential 
effect on beta, receptors in the heart—those 
involved in lowering blood pressure. Lopressor, 
at usual therapeutic doses, has a much lower 
affinity for beta, receptors 





Beta ,-and beta a aT sites 
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Beta,-receptor site, Works where it should... not where it shouldn’t. 
occupied by catecholamine. 


*Hansson L, Werko L: Beta-adrenergic blockade in hypertension. Am 
Heart J 93(3):394-402 (Mar.) 1977 


Please see next page for brief prescribing information 
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Lopressor* 
metoprolol tartrate 


An antihypertensive 
beta-biocking agent 


Brief Summary of Prescribing information 


indications Lopressor is indicated in the manage- 
ment oi hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 
Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree. cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 

Warnings Cardiac Failure: Sympathetic stimula- 
tion is avital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlied by digitalis and 
diuretics, Lopressor should be adnunistered cau- 
tlously. Both digitalis and metoprolol slow AV 
conduction. 

in Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can. in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 


shouid be fully digitalized and/or be given a diuretic, 


and the response observed closely. it cardiac fail- 
ufe continues, despite adequate dig 'talization and 
diuretic, Lopressor therapy should be withdrawn. 


° Ischemic: Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents. 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
`- Even in the absence of overt angina pectoris, when 
discontinging therapy, Lopressor should not be 
c withdrawn abruptly, and patients should be cau- 
tionad against interruption of therapy without the 
“physician's advice. 
Bronchospastic Diseases: PATIENTS WITH 
BRONCHDSPASTIC DISEASES SHOULD IN 
: GENERAL NOT RECEIVE BETA BLOCKERS. 
=o) Because of its relative beta, selectivity, how- 
ever, ssor may be used with caution in pa- 
tients bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
+: absolute, a beta,-stimulating agent should be 
: administered concomitantly and the lowest 
possible cose of metoprolol should be used. it 
may be prudent initially to administer meto- 
:prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
tony’ interval. (See Dosage and Administra- 
ion. 
Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be neted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adesnergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 
Metoprolol, ike other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g. dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypoiension. Difficulty in restarting and 
maintaining the heart beat has aiso been reported 
with beta blockers. 
Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptems of hypoglycemia (e.g., tachycar- 
dia} and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
caution in diabetic patients, especially those with 
labile diabetes. 


metoprolol tartrate 


works where it should... 
not where it shouldn't 


© Very well tolerated - 


è unlike traditional sympathetic inhibitors, there is usually no sed. 
fion, sexual dysfunction cr postural hypotension with Lopressor 
è most side effects mild and transient 
The most frequently reported adverse reactions (which occurre 


in approximately ten cut of 100 patients) are tiredness and dizz 


diac failure. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g.. tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis shouid be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 


Precautions Impaired Hepatic or Renal Func- . 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug interactions: Catecroiarine-depieting 
drugs (e.g., reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus -a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension. 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted tc evaluate toxic ef- 
fects and carcinogenic potential. in a one-year 
study in dogs. there was no avidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated contro! animals. There was no in- 
crease in malignant lung tumers or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoproiol administration. 

Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potertial. There was evi- 
dence in the rat of increased postimpiantation ioss 
and decreased neonatal survival (threshoid be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needec. 


Nursing Mothers: !t is not known whether this drug 
is excreted in human milk, Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiviag metoprolol 
Usage in Children: Satety and effectiveness in 
children have not been established. 

Adverse Reactions Most adverse effects have 
been miid and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 109 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have aiso 
been reported but drug relationship is not clear. 
Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type; paipitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 
Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See Warnings. 
Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have deen reported in 1 of 
100 or less. 

Allergic: Pruritus has occurred ie less than 1 of 100 
patients. 


ness. Depression and diarrnea have occurred in about five out 
190. Lopressor is contraindicated in sinus bradycardia, heart 
tlock greater than first degree. cardiogenic shock, and overt ci 





Miscellaneous: Peyronie's disease has been re- 
ported in less thar: 1 of 100,000 patients. 


Tre oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign markefing experience. 


Potentiai Adverse Effects: in addition, a variety 
adverse effects no! isted above have been re- 
ported with other beta-adrenergic blocking agen 
and should be considered potential adverse effe 
of metoprolol. 


Central Nervous System: Reversibie mental de- 
pression progressing to catatonia: visual distur- 
bences; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time al 
place, short-term memory loss, emotional lability 
sightly clouded sersorium, and decreased per- 
formance on neuropsychomeftrics. 
Cardiovascular: Intensification of AV bleck (see 
Contraindications): 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 
Allergic: Erythematous rash, fever combined witt 
aching and sore threat, laryngospasm and respir 
tory distress. 

Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopress 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added t 
diuratic. The dosage may be increased at weekly 
(or longer} intervals until optimum blood pressure 
reduction is achieved. in general, the maximum e€ 
fect of any given dosage ievel will be apparent af 
one week of therapy. Usual maintenance dosage 
approximately 100 me twice a day, with a range c 
100 to 450 mg per day. Dosages above 450 mgr 
day nave not been studied. While twice-caily dos 
ng is effective and can maintain a reduction in 
blood pressure throughout the day, some patient 
especially when lower dosages are used, will exp 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring biood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughc 
the day. if control is no: adequate. a larger dose, 
threedimes daily therapy, may achieve better can 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 

This crug should be stored at controlled room ter 
perature and protectec from moisture. 

How Supplied Tablets of 50 mg (capsule-shapec 
scored, light red, film-coateci) and 100 mg 
icapsule-shaped, scored, light blue, film-coated) 
are supplied in bottles af 100 and 1,000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
irom moisture. 


Disperse in tight, light-rasistant container (JSP). 
Printec in U.S.A. 667292 (8/79) C79-22 

For complete details, including description, clini 
pharmacology and overdosage, please see full 
prescribing information. 

GEIGY Pharmaceuticals 
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Cardiac Pacemakers, Inc 
4100 North Hamline Aven 
P.O. Box 43079 

® St. Paul, Minnesota 5516: 
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Potassium with nothing to hide 


There's no longer any need to try to hide the taste of 
potassium chloride— because KAON-CL TABS have no taste. 
Thus your patients who can’t or won't take liquid supplements have an 
acceptable alternative that enables them to get the potassium they need. 


Wax-matrix tablets minimize likelihood of GI complications. 
The special wax matrix used in KAON-CL TABS permits gradual release of 
potassium chloride in the Gl tract. Because the potassium is slowly released, 
the possibility of high localized GI concentrations is limited. The reported 
frequency of GI lesions with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of GI bleeding 
reported with KAON-CL TABS to date and no reports of small bowel 
stenosis or ulceration. However, clinical experience is insufficient at this time 
to indicate chat the incidence is other than the stated numerical ratio. 


Logical, easily adjustable dosage. One tablet t.i.d. provides20mEq | ` 


‘ of potassium, the amount generally considered necessary for prevention of 
hypokalemia. Two tablets t.i.d. provide 40 mEq of potassium, usually 
adequate for the treatment of mild potassium depletion. Dosage should be 
adjusted to individual patient needs. In cases of more severe potassium 
depletion, 100 mEq daily or more may be required. 


Patients stay on 


ON-CLTABS 


(potassium chloride) 
Controlled Release Tablets 


For summary of prescribing information, please see following page. 





WARREN-TEED LABORATORIES 
DIVISION OF ADRIA LABORATORIES INC. 
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BRIEF SUMMARY oe TER 

KAON-CLTABS® {potassiim hloride) č “controlled Release Tablets 
Description: Kaon-Cl Tabs is a stigar coated (not enteric-coated) tablet. contain- 
ang 500 mg potassium chloride (equivalent to 67 mEg potassium chloride) in a 
wax matrix. This. formulation is intended te provide a controlled release of 
potassium from- the matrix to minimize the likelihood of producing high 
tocalized concentrations of potassium within rhe gastrointestinal tract. 
indications: BECAUSE OF REPORTS OF INTESTINAL AND G; 
ULCERATION AND BLEEDING WITH SLOW RELEASE POT: M 
CHLORIDE PERAG IS, THESE DR SHOULD BE RESERVED 
È OF TOLERATE OR REFUSE TO 
4 = POTASSIUM PREPARATIONS OR 
S IN WHOM TH RE IS A PROBLEM OF COMPLIANCE 
w ITH THESE PREPARATIONS. j 
1 For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis, in Teili intoxication and in patienrs with hypokalemic familial 


























cee for conge stive he 
aldosterone excess with ni 
pathy, and with certain diarrheal states 

3. The use of potassium sales in patients receiving diuretics for uncomplicated 

essential hypertension is often unnecessary when such patients have a 

normal dietary pattern. Serum potassium should be checked periodically, 

however, and if hypokalemia occurs, dietary supplementation with potas- 

sium-containing foods may be adequate ro control milder cases. In more 

severe cases supplementation with potassium salts may be indicated. 
Contraindications: Potassium supplements are contraindicated in patients with 
Byperkalemia since a further increase in serum potassium concentration in such 
patients cam produce cardiac arrest. Hyperkalemia may complicate any of the 
following conditions: Chronic renal failure, systemic acidosis such as diabetic 
acidosi . extensive tissue breakdown as in severe burns, 
3 administration of a potassium-sparing diuretic (eg. 
spironolactone, triamterenc) 

Wax-matrix potassium chloride preparat ion have produced esophageal ulcer- 
ation m certain cardiac patients with esophageal compression due to enlarged left 
atrium. Potassium supplementation, when indicated in such patients, should he 
a a liquid preparation. 

All solid dosage forms of potassium chloride ae Ree are contraindicated 
y patient in-swhom there is cause for arrest or delay in tablet passage through 
the gastrointestinal tract. In these instances, potassium supplementation should 
Be with a liquid preparation. 
Warnings: Hyperladeriia—in patents with impaired mechanisms for exc reting 
potassiam, the administration of potassium salts can produce hyperkalemia and 
gardiac arrest. This occurs most commonly in patients given potassium by the 
SAEFAvenoUs TOES but may alses occur im patie RES Piven potassium orally. 
Potentially fatal hyperkalemia carrdevelop rapidly and be asymptomatic The use 
of potassium salts in patients with chronic renal disease, or any other condition 
which ampairs petassuim excretion, requires particularly careful monitoring of 
thesen potassium concentration and appropriate dosage adjustment. 

Interaction with Potassiem-Sparing Diretics—Hypokalemia should not be 
treated by the. concomitant administration of potassium salts and a potassium- 
eating diuretic (og, spironolactone or triamicrene) since the simultaneous 

nistration of these agents can produce severe hyperkalemia. 
astrointestmal Lesions—Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are caused 
high localized concentration of potassium ion in the region of a rapidly 

dissolving tablet, which injures the bowel wall and thereby produces obstruction, 
Be -mworthage, or perforati an ‘1 Tabs (potassium chloride) is a wax-matrix 
tabier formulated to provide acontrolled rate of release of potassium chloride and 
thus to minimize the possibility of a high local concentration of potassium ton 
sear the bowel wall, While the reported frequency of small howel lesions is much 
less with wax-matrix tablets (less than one per 100,000 patient years} than with 
enterte-coated potassium chloride tablets (40-50 per 100,000 patient years) cases 
atseciate od with wax-matrix tablets have been reported both in foreign countries 
and in the United States. In addition, perhaps because the wax-matrix prepara- 
v Het enteric-coated and release potassium im the stomach, there have 
ports of upper gastrointestinal bleeding associated with these products. 
The total number of gastrointestinal lesions remains less than one per 100,000 
patient years. Kaon-Cl Tabs should be discontinued immediately and the 
possibility of bowel obstruction or perforation considered if severe vomiting, 
abdominal pain, distention or gastrointestinal bleeding occurs. 

Metabolic Acido kalenia in patients with metabolic acidosis should 
be treated with an alkalini ng potassium salt such as potassium bicarbonate. 

Mtassium citrate, potassium acetate, or potasstum gluconate. 

Pre ecatitions: The diagnosis of potassium depletion is ordinarily made by 
demonstrating hypokalemia m a patient with a clinical history suggesting some 
cause for potassisim depletion. [n interpreting the serum potassium level, the 
Physician’ should bear in mind that acute alkalosis per secan produce hypokalemia 
ie the absence of a deficit in total body potassium while acute acidosis per se can 


è, hepatic hki ah ascites, states of 
function, potassium-losing nephro- 



































































































increase the serum pouissiumr concentration into the normal range even in the 
presence of a reduced total body potassium. The pate of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis 


requires careful attention to acid-base balance and appropriate monitoring of 
serum electrolytes, the electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: The most commen adverse reactions to oral potassium salts 
are nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are 
dite to irritation of the gastrointestinal trace and are best managed by diluting the 
preparation further, taking the dese with meals, or reducing the dose. 
The most severe adverse effects: are hyperkalemia (see Contrai dications, 
Warnings and Overdosage) and gastrointestinal obstruction, bleeding or perfo- 
ration (see Warnings). 
Cverdosage: The administration of oral potassium salts to persons with normal 
swcretory mechanisms for potassium rarely causes serious hyperkalemia. How- 
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- Hypertrophic Cardiomyopathy: A Disease in Search of 


Its Own Identity* 


= JOHN F. GOODWIN, MD, FACC 


London, England 


The-search for the identity of hypertrophic cardiomy- 
re opathy continues. The paper by Yamaguchi et al.! ina 
«- recent issue of this Journal draws attention to another 

- variation in the spectrum. These workers describe 30 
patients in a series of 1,002 consecutive patients inves- 
tigated with left ventricular angiography and coronary 
arteriography whose electrocardiograms showed giant 
- inverted T waves with high QRS voltage in the absence 
-of systemic hypertension or occlusive coronary artery 
~~ disease. In all 30 patients the ventriculogram in the right 
anterior oblique projection revealed a characteristic 
_ spade-like configuration due to concentric apical hy- 
pertrophy of the left ventricle and associated with 
obliteration or elimination of the cavity of the apical 
portion of the left ventricle at end-systole. Two di- 
mensional echocardiography revealed a similar con- 
figuration. No systolic pressure gradient was found even 
.on provocation. The upper half of the septum remained 
thin instead of bulging into the left ventricle, and sys- 
tolic anterior motion of the mitral valve was not seen. 
_ Many of the cases with apical hypertrophy did not have 
asymmetric hypertrophy of the septum. 
‘The angiographic appearance was contrasted with the 
_ “banana” shape observed in hypertrophic obstructive 
_ eardiomyopathy in which the authors claim the free wall 
_ thickness is increased in all segments. It was not asso- 
: Gated with obliteration of the cavity at the apex and the 
septum. was rhomboid in shape in systole in the left 
anterior oblique projection. All patients showed elec- 
trocardiographic abnormalities between the 2nd and 6th 
decade of life. In four patients, there was a striking 
progression of electrocardiographic ANERER over a pe- 
riod of only a few years. 
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The conclusions presented in this important: papel 
prompt a further look at the terminology and status o 
hypertrophic obstructive cardiomyopathy and indicate 
the need for a voyage of appraisal around its shores. The 
more that is written about hypertrophic obstructive 
cardiomyopathy/idiopathic hypertrophic subaortic 
stenosis (HOCM/IHSS) the more confused the disease 
tends to become and the more its identity is threatened. 
As more data accrue and further dogma is strippec 
away, the image blurs and a different picture, not always 
clearer than that before it, emerges. Finally, the disease. 
threatens to disappear entirely into other cardiac dis- 
orders leaving behind merely the mocking smile of the 
Cheshire cat. Is hypertrophic obstructive cardiomy- 
opathy one disease, many diseases or no disease at all, 
but merely a collection of abnormalities put randomly. 
together as a result of the effects on the heart of various - 
other cardiovascular disorders such as hypertension and 
valvular and congenital heart disease? It would be a 
disaster if the important condition of hypertrophic 
cardiomyopathy were to disappear in this way. How- 
ever, Bulkley? has. warned against the troublesome- 
“Idols of the cave and marketplace” and has advised: 
caution in applying unified concepts too readily. In my. 
view the time has come to take stock and to question 
whether research workers in this field may be confusing 
and overcomplicating the issue and in so doing ignoring | 
the clues obligingly left behind by nature for us to pick: 


up. 




















Diagnostic Problems 


A major problem is the difficulty of finding a firm 
diagnostic base in many cases. While the typical patient 
with hypertrophic obstructive cardiomyopathy usually 
presents no difficulty in diagnoses at the bedside and. 
has characteristic physical signs, angiographic findings 
and echocardiographic evidence of massive septal hy- 
pertrophy and other features, the diagnosis in patients 
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without “obstruction” may cause great difficulty even 
with all the diagnostic aids including biopsy and mi- 
croscopic examinations. Semantic problems abound; 
frequently terms are used synonymously but without 
justification; is hypertrophic obstructive cardiomyop- 
athy really the same as idiopathic hypertrophic sub- 
aortic stenosis? Strictly speaking, no, for the latter refers 
only to the “obstructive” element of the cardiomyopa- 
thy. “Hypertrophic cardiomyopathy” is a useful diag- 
nostic label and fortunately has specificity because of 
the basic definition of cardiomyopathy as a “disorder 
of heart muscle of unknown cause.” If this definition 
is applied, then other causes of hypertrophy of the left 
ventricle such as hypertension and aortic valve disease 
should automatically be excluded. The same argument 
would apply to the right ventricle in cases of pulmonary 
: stenosis, for example. Therefore the term “hypertrophic 
cardiomyopathy with or without obstruction” is a useful 
starting point. Providing we understand this, the term 
hypertrophic obstructive cardiomyopathy and its ab- 
breviation HOCM may still be used. 

It would have been very convenient if the myofibrillar 
disarray? in hypertrophic obstructive cardiomyopathy 
had not been found in cases with other causes of ven- 
tricular hypertrophy such as pulmonary stenosis and 
aortic stenosis. This finding of disarray in other forms 
of cardiac disease has caused dismay and bewilderment 
and has led to a weakening of the concept of hypertro- 
phic obstructive cardiomyopathy as a single disease and 
to the suggestion that it may merely be the result of 
other diseases acting on the myocardium. However, 
although small areas of myofibrillar disarray may be 
“geen in many conditions, widespread disarray is virtu- 
ally diagnostic. But the full extent of the lesions cannot 
now be diagnosed in life. 


Role of Intraventricular Obstruction 


Confusion has also arisen as a result of undue em- 
phasis on the role of obstruction, based on the presence 
of a resting or provokable systolic pressure gradient 


within the left ventricle. It has been assumed that a 


pressure gradient necessarily means obstruction but this 
is not so, as shown by Criley and his colleagues.® The 
concept of impairment of diastolic function as the most 
important feature of the disease and of “obstruction” 
as merely an incidental feature has not received as much 

attention as it should. Swan et al.’ noted that disap- 
=- pearance of obstruction was usually a sign of increasing 
severity of the disease, and Maron et al.° showed that 


- when the malorientated fibers were widely distributed 


- inthe apex or posterior wall of the left ventricle ob- 
‘struction was absent, whereas the myofibrillar disarray 
was confined to the septum in patients who had ob- 
struction. The knowledge that disappearance of signs 
of obstruction usually indicates increasing spread of the 
» disease and the evidence that obstruction may be absent 


_ both in mild and in very severe disease should empha- 


size the view that obstruction is peripheral to the central 
problem of myocardial function in hypertrophic ob- 
structive cardiomyopathy, which is mainly a fault of 
relaxation and ventricular filling.?!¢ 


Definitive Diagnostic Criteria 


The search for a“‘gold standard” for diagnosis con- 
tinues. The demonstration of myofibrillar disarray in 
asmall fragment of septum obtained by endomyocardial 
biopsy clearly cannot be used, although if the circular 
arrangement of short thickened fibers seen on light 
microscopy is found in association with myofibrillar 
disarray on ultrastructural study, the probability of 
hypertrophic obstructive cardiomyopathy is high. Many 
of the echocardiographic criteria have been shown to be 
nonspecific, especially systolic anterior movement of 
the mitral valve and disproportionate asymmetric hy- 
pertrophy of the ventricular septum. The electrocar- 
diogram may be virtually diagnostic when all features 
of atrial and ventricular hypertrophy, septal Q waves, 
deep T wave inversion and short P-R interval are 
present, but frequently they are not and the electro- 
cardiogram is sometimes normal. Clinical signs may also 
be misleading. When the three cardinal signs are 
present—systolic ejection murmur of late onset at the 
left sternal edge of the apex, jerky arterial pulse and 
palpable left atrial impulse—the diagnosis is virtually 
certain. But when these signs are not all present diag- 
nosis becomes much more difficult, especially because 
there may be no abnormal signs and because hyper- 
trophic obstructive cardiomyopathy can mimic so many 
other heart diseases, such as “idiopathic” pulmonary 
hypertension, subvalvular rheumatic or nonrheumatic 
mitral regurgitation, aortic stenosis, hypertensive heart 
disease and coronary artery disease. 

In cases without conclusive signs more definitive di- 
agnostic criteria are needed. The angiogram provides 
these criteria in many but not all cases. The character- 
istic angulated diastolic shape of the left ventricle re- 
sembling a banana, the massive hypertrophy of the free 
wall and septum, the large papillary muscles, elimina- 
tion of the left ventricular cavity at the end of systole, 
and the star-like projections of contrast medium into 
the interstices of the columnae carnae are all charac- 
teristic and diagnostic features, but there are variations 
of this pattern that are not always easy to define. For 
example, cavity “obliteration” (better termed “elimi- 
nation” to avoid confusion with restrictive/obliterative 
cardiomyopathy) is not necessarily due to hypertrophic 
obstructive cardiomyopathy and may occur in other 
conditions such as systemic hypertension and aortic 
stenosis as a response tc pressure overload.!! A typical 
“hourglass” constriction in the middle of the left ven- 
tricular cavity, together with precise localization of a 
pressure gradient to the mid ventricular area, has been 
described in hypertrophic obstructive cardiomyopathy 
by Falicov and Resnekov.'” 

My colleagues!" have recently analyzed the angio- 
graphic patterns of the left ventricle in both “obstruc- 
tive” and “nonobstructive” forms of hypertrophic car- 
diomyopathy in 100 patients. Forty-one patients had 
cavity elimination, 45 had marked mid cavity narrow- 
ing, 10 had a normal cavity or slightly prominent pa- 
pillary muscles and four had a dilated left ventricular 
cavity. Thus in some patients the angiographic ap- 
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... pearance can be confusing. In particular, dilatation of 
the cavity may lead to confusion with congestive car- 
diomyopathy. In fact, cavity dilatation is very rare and 
is probably confined to patients with severe mitral 
regurgitation (due to secondary mitral valve damage 
from turbulence, infection or calcification) or to patients 
. with widespread disease leading to heart failure or with 
transmural myocardial infarction." Clearly the extent 
and stage of the disease must both be taken into account 
when one is considering its diagnosis with angiography 
as well as with other methods. The widely patent 
smooth coronary arteries are characteristic, but similar 
appearances also occur in congestive cardiomyopathy, 
although it has been claimed that narrowing of the 
septal perforating arteries in systole is characteristic of 
hypertrophic obstructive cardiomyopathy though not 
pathognomonic. 1 


Differentiation From Hypertensive Heart Disease 


One of the most difficult situations is the differen- 
tiation of hypertrophic obstructive cardiomyopathy 
_ from hypertensive heart disease. Usually the charac- 

= teristic angiographic appearances will differentiate the 
— two conditions. Yamaguchi et al.! point out that the left 
ventricle in hypertension shows an oval configuration 
with an equally thickened free wall, but in certain cases 
the appearance is not diagnostic of either hypertension 
or hypertrophic obstructive cardiomyopathy. In such 
cases the deep T wave changes described by Yamaguchi 

in apical hypertrophic cardiomyopathy are of impor- 
tance in suggesting cardiomyopathy. 

The claim that hypertrophic obstructive cardiomy- 
opathy can be distinguished from hypertensive heart 
disease by echocardiography has also been challenged. 
In our experience!® M mode echocardiography did not 
differentiate hypertensive heart disease from hyper- 
trophic cardiomyopathy without obstruction but, when 
‘obstruction was present, mid systolic closure of the 
aortic valve and systolic anterior motion of the mitral 
valve served to differentiate the two diseases in all but 
~ 6 percent of cases. Gehrke!” claimed that when B scan 
-techniques were used the bright line produced by bulges 
in the hypertrophied septum with relative damping of 

-the adjacent myocardium appeared to be due to mal- 
alignment of myocardial fibers, possibly allowing dif- 
“ferentiation from simple septal hypertrophy. The value 
of two-dimensional echocardiography was recently 
stressed by Martin et al.,!° who described studies with 
a wide angle phased array technique that documented 
unusual echoes within the thick septal myocardium, 
possibly related to abnormal myocardial structures. 


A Clinical Diagnostic Index 


How then can hypertrophic obstructive cardiomy- 
opathy be reliably diagnosed? Only by attention to all 
diagnosistic criteria can reasonably accuracy be 
achieved. For example, in differentiating hypertensive 
heart disease from hypertrophic obstructive cardio- 
- myopathy, both the physical signs and the electrocar- 

_diogram must be considered. If these do not suggest 
~-eardiomyopathy, then M mode echocardiography will 
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TABLE | 
Probability of Diagnosis 





1. Certain diagnosis 
A. Typical clinical signs and history. 
All echocardiographic criteria 
B. Equivocal clinical signs. 
All echocardiographic criteria. 
All angiographic criteria 
C. Equivocal physical signs. 
Some echocardiographic criteria. 
Alt angiographic criteria 
2. Probable diagnosis 
Equivocal physical signs. 
Some echocardiographic features. 
Suggestive angiographic features 
3. Uncertain: diagnosis not possible 
Equivocal physical signs. 
Some echocardiographic features. 
Equivocal angiographic features 











be helpful if there are features suggesting a gradient 
because systolic anterior motion of the mitral valve and 
mid systolic closure of the aortic valve will differentiate 
hypertrophic obstructive cardiomyopathy from hy- 
pertensive heart disease in most cases. If no gradient is 
present the echocardiogram cannot reliably differen- 
tiate these two types of heart disease. Because a gradient - 
cannot always.be diagnosed clinically with certainty,- 
cardiac catheterization and angiocardiography will be 
necessary in many cases. The angiogram may show _ 
characteristic features of hypertrophic obstructive 
cardiomyopathy, but if it does not, and if it merely rez: 
veals hypertrophy without alterations of shape, then the © 
diagnosis cannot be made with certainty, even if a 
pressure gradient can be provoked. The diagnostic label 
then remains uncertain. This uncertainty must be faced ` 
and no attempts made to force the case into a diagnostic 
box for the sake of uniformity. 
Experience suggests that there are many cases in 
which the exact diagnosis cannot readily be made with 
current techniques of investigation, although two di- 
mensional echocardiography promises well. A rough 
diagnostic index is suggested in Table I. Naturally the 
history of the patient and the presence or absence of a 
family history, particularly of sudden death, must be 
taken into account in evaluating the clinical aspects. 








is Hypertrophic Cardiomyopathy One Disease? 


The existence of severe widespread hypertrophic 
obstructive cardiomyopathy without any apparent 
cause for the hypertrophy provides strong evidence that. 
the disease is indeed an entity in its own right. It seems: | 
likely that there is a thread of similarity in all patients 
with features of hypertrophic obstructive cardiomy- 
opathy even though the physical signs may be diverse. 
This suggests that it is a single disease with protean: 
manifestations. The lack of difference in proved familial _ 
and nonfamilial cases suggests that there is a genetic __ 
basis in all cases, even though it may not be detectable __ 
in many. Because the disease has been described in | 
newborn infants there is reason to suppose that.it begins 
before birth. The similarity between the myocardial | 
structure in the heart with hypertrophic obstructive)”. 
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: cardiomyopathy and in primitive hearts, such as that 
-of the salamander, suggests that the disease may be a 
disorder of the developing myocardium.!9 I have already 
drawn attention”! to the clues that suggest that the 
cause may be a disorder of catecholamine function: 
“mainly, the responses of function to beta adrenergic 
stimulation and blockade, the association with thyroid 
hyperfunction,?> the association with disorders of 
neural crest tissue and the studies suggesting that ad- 
ministration of catecholamines to experimental animals 
can cause a syndrome very similar to hypertrophic ob- 
structive cardiomyopathy.*4 
If hypertrophic obstructive cardiomyopathy indeed 
is one disease, many questions remain to be answered: 
Why is it associated with sc many other congenital heart 
diseases??> Why does myofibrillar disarray occur in a 
wide variety of conditions associated with hypertrophy, 
although to a lesser degree than in hypertrophic ob- 


structive cardiomyopathy? What is the difference be- ... 


tween symmetric and asymmetric hypertrophy? What 
determines the spread of the disease through the muscle 
of the heart? Do other cardiac lesions stimulate its de- 
velopment in some way, or act as a “challenge” to a heart 
already affected-by hypertrophic obstructive cardio- 
myopathy? Yamaguchi and his colleagues! suggest that 
in their patients a change in the hypertrophic process 
of the myocardium had occurred in middle age, perhaps 
as a response to arterial hypertension or catechol- 
amines. 

The “lumpers” and “splitters” will continue to argue 
whether hypertrophic obstructive cardiomyopathy is 
one disease or many, but while the debate proceeds it 
is important not to lose the thread that binds the mul- 
tiple variations of this condition together. The clamor 
of the marketplace should not drown the voices of the 
true gods within the cave. 
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LETTERS TO THE EDITOR 





AORTIC AND LEFT HEART CHAMBER SIZE IN ATRIAL 
SEPTAL DEFECT—I 


The precise criteria for measurement of structures on M mode 
echocardiography were not standardized until recommen- 
dations were made by the American Society of Echocardiog- 
raphy (ASE).!,2 In spite of these recommendations, consid- 
erable confusion persists, particularly regarding interpretation 
of the terms “leading” and “trailing edges.” This is well il- 
lustrated by Figure 1 of the article by DeMaria et al. Although 
their criteria for measurement of the aortic root and left 
atrium, as defined in the text, are consistent with the recom- 
mendations of ASE, the actual points of measurement in the 
figure are incorrect. The measurements should have been 
taken from the points illustrated in the revised illustration 
(Fig. A). The error introduced by this may be 3 to 5 mm in 
actual measurements of the aorta and left atrium, respectively, 
on the particular illustration. 

Ashvin K. Patel, MD, FACC 

James H. Thomsen, MD 

Cardiology Service 

William S. Middleton Memorial 

Veterans Medical Center 

and 

University of Wisconsin 

Madison, Wisconsin 
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FIGURE A. Revised figure illustrating correct and incorrect points of measurements for 
the aorta and left atrium. 
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AORTIC AND LEFT HEART CHAMBER SIZE IN ATRIAL 
SEPTAL DEFECT—II 


DeMaria and co-workers showed by their angiographic mea- 
surements that left ventricular end-diastolic volume, as well 
as left atrial size and left ventricular output, are not decreased 
in patients with atrial septal defect. First, there appears to be 
some discrepancy in regard to the data. In Table I, their nor- 
mal value for left ventricular end-diastolic volume index is 
62.86 ml/m2, whereas in the summary and in the results they 
say that their normal value is 52.9 ml/m?. The valve of 52.9 for 
normal end-diastolic volume in older children and adults is 
one of the smallest I have ever seen. I think this deserves some 
further explanation in regard to the methodology and diag- 
noses of the patients. If indeed the normal value was 62.9 and 
the value in patients with atrial septal defect 50.1, then one 
wonders if a relook at the statistics might show that the left 
ventircular end-diastolic volume is indeed smaller. In addition, 
it would not seem pertinent to include any patients with os- 
tium primum defects in the group with atrial septal defect. 
These patients may have even small degrees of mitral regur- 
gitation, which may be difficult to quantitate at times and may 
lead to a larger left ventricle. Finally, the authors should 
perhaps include only patients in the group with atrial septal 
defect who had pulmonary to systemic flow ratios of at least 
2:1. Some patients had a pulmonary to systemic flow ratio of 
1.4:1, a value that suggests one is dealing with a patient with 
a small atrial defect and one would not expect the left ventricle 
to be small. 

In 1972 our group published data from biplane cineangio- 
cardiograms in 35 patients with large secundum or sinus 
venosus atrial septal defects.! Our data did show that the left 
ventricle, the ejection fraction and the left ventricular output 
were slightly smaller than normal. These differences from 
normal were certainly small and probably of very little he- 
modynamic significance. However, I expect that data from 
biplane studies would be more valid in assessing ventricular 
volumes in this situation than uniplane views using any type 
of orientation. With the known shape changes I expect only 
the biplane studies will really be valid. 

Finally, I believe that there ate occasional patients who have 
such a very large atrial defect that the left ventricle may be 
quite small and may be of some hemodynamic significance. 

Thomas P. Graham, Jr., MD, FACC 
Division of Pediatric Cardiology 
Vanderbilt University 

Nashville, Tennessee 
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REPLY 


I. As a general principle, the American Society of Echo- 
cardiography recommended that measurements be performed 
` from the leading edge of all ultrasonic signals. In regard to the 
aorta and left atrium, the preferred method of measurement 

was performed in our study, as described in the text of the 
manuscript and as depicted by the corrected arrows in Figure 
A 


If. The mean left ventricular end-diastolic volume index 
for our control subjects was 52.9 ml/m7, as reported in both 
the abstract and text of our manuscript; this value is within 
the normal range for single plane cineangiography in adults 
and children. Only two patients with an ostium primum defect 
were included in our study, and neither patient manifested 
mitral regurgitation on cineangiography. Exclusion of these 
two patients did not alter the resulis of our investigation. The 
vast majority of patients evaluated manifested a left to right 
intracardiac shunt of 2:1 or greater, and no correlation could 
be demonstrated between pulmonary to systemic flow ratio 
and left ventricular volume in our study. 

Although data regarding cardiac function in patients with 
an atrial septal defect have been variable, our findings are 
certainly consistent with those of Graham indicating that any 
differences from normal are probably of very little hemody- 
namic significance except in an occasional patient with a 
massive defect. We also agree that biplane studies are prob- 
ably superior to uniplane methods in evaluating left ventric- 
ular volume in patients with an atrial septal defect. However, 
it is unclear why it should be. necessary to utilize an angio- 
-graphic view in which the left ventricle exhibits geometric 
“distortion produced by right ventricular enlargement to 
“demonstrate a reduction in left ventricular size presumably 
due to generalized underfilling. 


Anthony N. DeMaria, MD, FACC 
Sacramento Medical Center 
Sacramento, California 


EXERCISE TESTING IN CHILDREN WITH HEART 
DEFECTS 


_ It is indeed encouraging to have one’s data confirmed years 
-later and by a different technique. The only obvious problem 
- -1s that Cumming! did not realize that he generally confirmed 
- the prior data. Unfortunately, he combined data from two 
-Studies that were markedly different in concept. Our initial 
report? concerned children with moderate to severe disease 
who were hospitalized for cardiac catheterization or operation, 
-or both, in 1962 and 1963. These were, in many cases, children 
`- from the backlog of presurgical days. Further, because oper- 

ative results 16 years ago were not as favorable as those today, 

. children selected for operation usually had the more severe 
< form of disease. It is therefore not surprising that many of 
these children tended to have reduced exercise capacity. 
- -Another report? he cited more closely parallels his investiga- 
< tion, for that report concerned children admitted sequentially 
for cardiac catheterization between 1963 and 1967. Obviously, 

_differences are still present, for his cases of “mild disease” were 
_ milder than ours in most instances. Further, his subjects were 
= somewhat younger because his patients had been followed up 
under more ideal circumstances than those we were working 
under a number of years earlier. However, one can make 
general comparisons and I have therefore constructed Table 


TABLE | 


Percent of Children Reported to Have a 
Lower Than Normal Endurance Time 








Prior 
Published Cumming 
Data Study 

VSD 

Mild 50 33 

Moderate 50 22 

Severe 90 é1 
ASD 

Mild 22 

Moderate 65 27 

Severe 43 
PDA 15 13 
Aortic stenosis 

Mild-moderate 47 28 

Severe 55 ot 
Pulmonary stenosis 

Mild 47 16 

Severe 50 40 
Tetralogy of Fallot 95 &6 
Aartic insufficiency 25 38 
Mitral insufficiency 43 28 





ASD = atrial septal defect; PDA = patent ductus arteriosus; VSD 
= ventricular septal defect. 


I, which indicates the percent of children whose exercise en- 
durance time fell below his 10th percentile and below our 3rd 
percentile. 

An examination of this table will indicate that, in most in- 
stances, the endurance time of a slightly higher percent of our 
patients than of his fell below normal. However, the differ- 
ences are not great and because. our definitions are not exactly 
comparable in many categories, the similarities are mare im- 
pressive than the differences. Exceptions to this generalization 
include children with atrial septal defects and aortic stenosis: 
Figure 3 of our second paper? indicates that in many of our 
children with atrial septal defects endurance time fell only 
slightly below our 3rd percentile and that the curved slope was’ 
very steep at this point. Accordingly, in this category the data 
of the two studies appear further apart than was warranted 
by the actual situation. In view of the data reviewed in Table 
1, it is difficult to see how Cumming stated in the second 
sentence of his Introduction that “Goldberg et al. .. . reported 
that at least 80 percent of children with cardiac defects had 
a lower exercise capacity than that of normal childrer: when 
tested with a progressive bicycle test.” 

I really doubt that we “stopped” the exercise test sooner 
than the test was stopped in the Canadian study for we rarely 
terminated an exercise examination. These examinations, as 
in the Cumming study, were terminated by the child’s in- 
ability to continue. The mean maximal heart rate of our pa- 
tients that Cumming referenced was that for a group ef chil- 
dren with more severe forms of heart disease than those found 
in his sequential study of many children. Accordingly, the data 
for the two groups are not comparable. 

Our data and conclusions are actually in general agreement 
with those of Cumming, and we congratulate him for an in- 
teresting and credible study. We certainly agree that mild 
forms of heart disease rarely cause a significant decrease in 
exercise capability, whereas severe disease is usually accom- 
panied by marked degradation of exercise capacity. Perhaps 
our major disagreement with Cumming is that we do not be- 
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lieve that parents are accurate observers of a child’s endurance 
other than at the extreme ends of the spectrum. 
Stanley J. Goldberg, MD, FACC 
Department of Pediatrics (Cardiology) 
The University of Arizona 
Health Sciences Center 
Tucson, Arizona 
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REPLY 


The studies of Goldberg et al. were important because they 
= avere among the first to show that intense exercise was safe for 


» most children with heart disease, but I found their results 


misleading in terms of what to expect for maximal heart rates 
nd exercise capacities, and I still find the differences between 
_ his results and ours more striking than the similarities. In their 
__ > Figure Gof their early report (his Ref 2), 52 of 61 patients (over 
-80 percent) had an exercise capacity below the 3rd centile and 
-. this figure was reproduced in a chapter in the 1968 Moss- 
Adams book.! In their more recent study (his Ref 3), about 80 
percent of their patients with cardiac defects had an exercise 
capacity below the median of the control group. 
` The level chosen for low fitness in the California studies was 
. the 3rd centile, in ours the 10th, and this difference increases 
the comparative frequency of low fitness in our study. Even 
so, low fitness was recorded in 50 as opposed to 22 percent of 
patients with a moderate ventricular septal defect, 65 as op- 
posed to 30 percent of patients with an atrial septal defect, 52 
as opposed to 16 percent of patients with mild pulmonary 
‘stenosis, 50 as opposed to 28 percent of patients with mild 
aortic stenosis, comparing the California and Winnipeg series. 
-Even greater differences are present when the frequency of 





|. fitness scores above the 50th centile are compared. Fitness 
<- Scores above the median occurred in 5 percent as opposed to 


-Over 50 percent of patients with an atrial septal defect, 13 as 
-opposed to over 50 percent of patients with a small or mod- 
` erate ventricular septal defect, 10 as opposed to over 54 per- 
<- cent-of patients with mild or moderate aortic stenosis and 5 
-as opposed to 35 percent of patients with mild or moderate 

-pulmonary stenosis. These frequencies that differ by factors 
of 3-to 10-fold are hardly similar. 

Goldberg correctly points out that disease severity may 
account for some of these differences, but in their first series 
13 of 14 patients with an atrial septal defect had low fitness 
so that disease severity is not the only explanation. Other 
possible explanations include differences in the patient’s past 
exercise habits and attitudes to exercise; source of the control 
group (school subjects are perhaps not ideal); differences oc- 
curring because one study used a bicycle and the other a 


treadmill; differences in age groups studied or body build 


_ patterns; differences in the design of the exercise protocol (and 
the Goldberg protocol has drawbacks, especially for young 
abjects); and differences in the goals set for the exercise 
schnologists. 













When Goldberg and his colleagues report that 69 percent 
of their patients had a maximal heart rate under 180 beats/ 
min (his Ref 2) versus 11 percent of our patients, or that 
“randomly selected” patients with atrial and ventricular septal... 
defects? had a near maximal heart rate of 178 versus 201 
beats/min in our study, a reasonable conclusion is that several _ 
of the California patients could not be motivated to exercise 
close to maximal and that this might account for the observed 
differences between the two series. Our data clearly differfrom 
his in the frequencies of low fitness and of high normal fitness 
in the patients with cardiac defects, and in their maximal heart 
rates, and I believe our data more accurately indicate the ex- 
ercise capabilities of children with heart disease in our com- 
munity, and likely most others. As for the parents of children’. 
with mild or moderate cardiac disease, most of those that I 
interview report that their children have normal activit 
patterns, and that is exactly what our treadmill studie 
showed. 
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DIAGNOSIS. OF DISSECTING AORTIC ANEURYSM WITH | 
SUPRASTERNAL ECHOCARDIOGRAPHY 
Although we agree with Kasper et al. that the suprasternal 
approach may be the best way to define the abnormality in 
aortic dissection, proper angulation of the transducer can 
allow visualization from a lower approach. We agree that the > 
vibrating intimal flap is one of the most characteristic features <!_ 
of aortic dissection. This was first described—and its mech- 
anism defined—in our own article,” of which the authors were = 

apparently unaware. 
B. Woodfin Cobbs, Jr., MD 
Emory University Clinic = 
Department of internal Medicine 
Atlanta, Georgia 
W. Jay Nicholson, MD, FACC ; 
Department of internal Medicine 
Division of Cardiology 
York Hospital 
York, Pennsyivania 
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We are grateful to Nicholson and to Cobbs for pointing out | 
that the vibrating aortic intimal flap is one of the most char- 
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= acteristic features of aortic dissection and that the supra- 
‘sternal approach is probably of advantage in defining the 
abnormality in aortic dissection. The aortic intimal flap could 
` not. be demonstrated from the lower approach in our case, 
despite multiple angulation. We appreciate that an appro- 
priate precordial echocardiogram in some patients also allows 
visualization of aortic intimal flap, as obviously first described 
by Nicholson and Cobbs. We deeply regret that this was not 
_ mentioned in our article. 
Wolfgang Kasper, MD 
Thornas Meinertz, MD 
Friedrich Kersting MD 
Klaus Lang, MD 
Hanjorg Just, MD 
Medizinische Klink und Poliklinik 
Mainz, West Germany. 


ESTIMATION OF PULMONARY VASCULAR RESISTANCE 
IN LEFT TO RIGHT SHUNT 


Spooner et al.! recently undertook an echocardiographic ex- 
amination of the relations of the ratios of the preejection pe- 
riod to ejection time of the right and left ventricles to pul- 
monary vascular resistance in children with a left to right 
“shunt. They mentioned that they had confirmed our findings” 
that the right ventricular preejection period/ejection time 
ratio does not adequately predict a high pulmonary vascular 
resistance. They then went on to assess the value of dividing 
this right ventricular ratio by the similar left ventricular ratio 
{abbreviated to R/L), and found that, although this also did 
not correlate well with pulmonary vascular resistance, the R/L 
ratio correlated very well with the pulmonary/systemic re- 
“sistance ratio. As a result they concluded that: “... the use 
of the regression equations described should allow at least a 
rough estimation of pulmonary arteriolar resistance/systemic 
arteriolar resistance . , . This should prove useful to clinicians 
in the timing, or avoidance altogether, of cardiac catheter- 
“ization with its attendant risks and expense.” Unfortunately, 
- these conclusions are not warranted for several reasons. 
1. Itis not clear that a resistance ratic is useful in evaluating 
whether any given pulmonary vascular resistance will permit 
surgery to be performed safely. Systemic vascular resistance 
Js labile; it averages 20 Wood units/m? body surface area, but 
-varies from 10 to 30 units with fever, anemia, anxiety, heart 
failure or deep sedation. A resistance ratio of 0.5 might be 


<- found if pulmonary and systemic arteriolar resistances are, 


“respectively, either 10 and 20 units or 5 and 10 units. The 
- outlook for successful surgery is worse in a child with the first 
= than with the second set of numbers. This issue is particularly 
important. when the two circulations are separated by surgical 

_~ closure of the defect, because then it is the absolute pulmonary 
-arteriolar resistance that is important for postoperative right 


“ventricular function. 


-o. 2. Even if the resistance ratio is worth considering, there 
“are reasons to doubt that it can be predicted accurately in 
individual patients. 

A. In the study of Spooner et al. the range of resistance 

“ratios examined did not cover evenly the values of interest. 
Of the 25 patients studied, 17 had a low resistance ratio below 


::0,2 and only 2 had a ratio greater than 0.5 at which surgical 


closure of the defect might be contraindicated. One of these 
two had a very high ratio of 2.35, and the values for this patient 
will have a disproportionate weight in the regression anal- 
yses. . 


R/L 








Logio PARZ RS 


FIGURE A. Regression line and 95 percent confidence limits for relating the B/L ratio (Y 
axis} to the logarithm of the pufnonary arteriolar resistance/systemic arteriolar resistance 
PAR/RS ratio {X axis). For any given R/L ratio, as defined by the horizontal Ene, the 95 
percent confidence limits of the log PAR/RS ratio are vary wide, as shown by the interval 
between the dashed vertical lines. 


B. The regression analysis was performed with the wrong 
axes. It is not reasonable to regard the resistance ratio as being 
dependent on the R/L ratio and, in fact, the basis of the 
method is that ventricular contraction and ejection times 
depend on the peripheral resistances and pressures. As a re- 
sult, the pulmonary arteriolar resistanee/systemic arteriolar 
resistance (PAR/RS} ratio (or its logarithm) should be plotted 
on the X axis and the R/L ratio on the Y axis. 

This is not just an academic issue for two reasons. First, the 
least squares method of fitting a regression line minimizes the 
vertical deviations of the Y values from the regression line, so 
that it matters which set of data is chosen as the Y variable. 
Second, by using the correct axes, prediction of the resistance ` 
ratio (X) from the R/L ratio (Y) must be made by inverse 
prediction, as we? have pointed out before. 

C. Most important of all, a high correlation coefficient-— 
even one as high as 0.960—is no guarantee that single values 
drawn from this population can be predicted accurately. The 
data in their Table I can be used to calculate the standard 
deviation from the regression line for the 11 children with 
ventricular septal defects or endocardial cushion defects (Fig. 
A). This value was 0.062, a relatively large value (abeut 10 
percent of the mean value). The importance of selecting the 
correct axes and of defining the confidence limits by inverse 
prediction are shown in Table I; which features the data for 
these 11 children. Thus, for patient 21 with an R/L ratio of 
0.842, the 95 percent confidence limits range from a resistance 
ratio of 0.12 to one of @.78, a range too large to be of value in 
individual patients. Furthermore, because of the logarithmic 
scale, higher R/L ratios will be associated with greater 95 
percent confidence ranges for the resistance ratio. Therefore, 
the R/L ratio will be least useful where it is most needed. 

The fallacy comes from paying attention only to the cor- 
relation coefficient, which at best gives information about 
group prediction, and not calculating the 95 percent eonfi- 
dence limits, which give information about the accuracy of 
prediction for single patients. As a result, the authors have 
ignored the fact that the confidence limits for this relation of 
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L the R/L ratio to the pulmonary/systemic resistance ratio are 
too wide to provide accurate enough information to influence 


the decision to perform cardiac catheterization, especially 










for the individual patient. 











since a wrong decision might have disastrous consequences 


Julien |. E. Hoffman, MD, FACC’ 
Department of Pediatrics 


Norman.H. Silverman, MD, FACC 
Pediatric Noninvasive Laboratory 
University of California, San Francisco 
San Francisco, California 
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REPLY 


‘1. Achild with a resistance ratio of 0.5 and pulmonary resis- 
‘tance of 10. units is at greater risk than one with the same re- 
-~ sistance ratio and a pulmonary resistance of 5 units. However, 
: the pulmonary vascular resistance is just as labile as the sys- 
_ temic, if not more so, and is affected by the same variables to 


- which they refer. In addition, as stated in our article, because 


estimated oxygen consumption values are used by most lab- 
oratories, a large additional error of up to 40 percent may be 
introduced into the calculations. I therefore disagree with the 
implication that it is doubtful that “the resistance ratio is 
worth considering,” especially as virtually all cardiologists, 
including Hoffman and Silverman (M.A. Farina, personal 
communication) do at least consider it, along with other 
variables, in preoperative evaluations. However, it should not 
be the sole consideration, and we did not mean to imply oth- 
erwise. 

2A. I agree that the resistance ratios examined did not 


„evenly cover the range of interest. This is as expected, since 


it is the aim of most pediatric cardiologists to keep resistance 
ratios within normal limits, and the patients were studied at 
_ tandom. Certainly, an equal number of very high and very low 
_ ratios would raise suspicions about the quality of care being 
endered. Nonetheless, even when the data points for the two 
atients with highest resistance ratios are removed, the cor- 
elation coefficient remains high, at 0.84. 

_2B. lL agree that the axes are incorrect. When the paper was 


: “originally submitted, the axes were reversed from those 


published, and only the illustrations were changed at the re- 
viewer's insistence. The regression analyses were done origi- 
nally from the correct axes, were made by inverse prediction 
and were unchanged in the revised version that was eventually 
published (see Fig. 1). 

2C. Hoffman and Silverman state that the confidence 
limits for the relation of R/L to the pulmonary/systemic re- 
sistance ratios are too wide and provide a figure with calcu- 
lated 95 percent confidence limits based on only 11 of our total 
group of 25 patients (those with ventricular septal defect) to 


support this conclusion. The fact that only 11 patients produce 
-very wide confidence limits is unquestioned, because the width 
_ of these limits varies inversely with the size of the patient 


population. We alluded to this in the paper by stating, “A 
larger patient population would improve the confidence 





limits and will be reported on when patient data have been 


equired and analyzed.” Although restriction of the group to 
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LOG o PAR/RS = 2.358 (R/L}-2.605 


. VSD 
ECD 


+ ASD ; 
a ASorPS |. 
© OTHER: 


LOG = PAR/RS=2.465(R/L)-2.630 


« VSD 
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-4.5 -1.0 -5 0 Ao 
FIGURE 1. Piotof R/L versus PAR/RS and calculated 95 percent confidence limits for future 


predictions of PAR/RS tor the total group of 25 patients {top} and the 11 patiants with. — | 


ventricular septal defect (bottom). AS or PS = aortic or pulmonary stenosis; ASD = atrial 
septal defect: ECD = endocardial cushion defect; VSD = ventricular septal defect. 


those 11 for calculation of confidence limits is perhaps war- 
ranted because they are the group pediatric cardiologists 
would be most interested in, there is no doubt the confidence: 
limits are narrower using the entire population. Even so, I 
believe the 95 percent confidence limits given by Hoffman and. 
Silverman have been miscalculated. Confidence limits for 
future predictions of Y from an observed X do not form two 
parallel lines, as shown in their figure, but rather two opposing 
hyperbolae, whose apexes converge at the mean X of the data: 
and diverge at the extremes of data. This is intuitively rea- 
sonable, because one would expect that the “best” predictions 
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of future events would be made in the “middle” of the data, 
and that the predictions would be “less good” away from the 
middle and become quite poor outside the observed range.! 

The 95 percent confidence limits for an observed Xx are 


“given as 
-X 
+2.069 ye i + ea 





n > (X,- xX)? 

The plot of R/L versus PAR/RS, together with calculated 95 
-percent confidence limits for future predictions of PAR/RS 
(not for the population data) are shown in Figure 1 for all 25 
patients (top) and for those 11 patients with ventricular septal 
defects (bottom). As can be seen, these are much narrower 
than those shown by Hoffman and Silverman and form hy- 
- perbolae. 

Again using Patient 21, and the confidence limits for the 
11 patients only, with R/L = 0.842, the predicted logio PAR/ 
RS = 0.554 + 0.105 (95 percent confidence limits), logio 
+ PAR/RS lies between —0.449 and —0.659 (p >0.95) and 
PAR/RS lies between 0.22 and 0.35 (p >0.95) where the actual 
---value was 0.301. This is rather different from their calculated 
< range of 0.12 to 0.78, which appears to have been calculated 

using twice the standard error about the regression. 
-~ Again, I reiterate that “the use of the regression equations 
should allow at least a rough estimation of PAR/RS,” but in 
~ no way should it be used as the sole criterion in timing of 
cardiac catheterization. 
Eric W. Spooner, MD 
Department of Pediatrics (Cardiology) 
Albany Medicai College 
Albany, New York 
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FAILURE OF PROPHYLAXIS FOR BACTERIAL 
ENDOCARDITIS: AMERICAN HEART ASSOCIATION 
REGISTRY 


~The American Heart Association (AHA) recognizes that its 


<< eurrent. recommendations for antibiotic prophylaxis are 


necessarily empiric.! This situation has arisen because im- 
-portant clinical information on the efficacy of antibiotic 
- “prophylaxis of bacterial endocarditis is lacking. The present 
recommendations are therefore based upon secondary sources 
of information such as the relative propensity of various 
procedures to cause bacteremia, in vitro studies of bacteria 
-= recovered from the blood, the effect of antibiotics on bacter- 


- -emias, the susceptibility of various heart lesions to infection, 


anecdotal case reports, and study of experimental models. 
Although over 30 individual cases of apparent prophylaxis 
-v failure have been recorded in the literature; many of our col- 
<: leagues have rightly pointed out that the evidence indicating 
~~ that a significant number of prophylaxis failures actually occur 
- 4g inconclusive. This question is of considerable medical and 
medicolegal importance because of the frequency with which 
measures to prevent endocarditis are called for, and because 
of the serious consequences of failure to prevent the dis- 
ease. 
In an attempt to accumulate useful epidemiologic data, the 


=: AHA Committee has established a Registry to record cases 


of apparent failure of antibiotic prophylaxis of bacterial en- 
docarditis. We are now soliciting case reports. Notification 
may be made on a simple pre-printed postcard, which will 


require only identification of the patient and the name, ad- 
dress, and telephone number of the person referring the case. 
These postcards will be made available to physicians and 
dentists and to any other person or organization requesting 
them from the AHA or from one of us. Alternatively, a case 
may be reported directly to one of us, at the address or tele- 
phone number listed below. After notification, one of us will 
follow up with a telephone call, in order to gather sufficient 
information to evaluate the case. All such information will be 
confidential. 

Although there are obvious disadvantages to any retro- 
spective evaluation such as this, the practical impossibility 
of conducting a prospective trial of different modes of pro- 
phylaxis has caused us to seek alternative means of gathering 
data. We hope that a useful body of information may be ac- 
cumulated, which may influence future recommendations for 
prophylaxis of endocarditis. 


Alan L. Bisno, MD 

Chief, Division of Infectious Diseases 
University of Tennessee 

Center Health Sciences, Room 241-Dobbs 
9571 Court Avenue 

Memphis, Tennessee 38163 
(901)528-5786 

David T. Durack, D Phil, MD 
Associate Professor and Chief 
Division of Infectious Diseases 
Duke University Medical Center 
Durham, North Carolina 277 10 
(9 19)684-2660 

David W. Fraser, MD 

Chief, Special Pathogens Branch 
Bacterial Diseases Division 
Bureau of Epidemiology 

Center for Disease Control 
Atlanta, Georgia 30333 
(404)329-3687 

Edward L. Kaplan, MD 
Department of Pediatrics 

Box 94, University of Minnescta 
Minneapolis, Minnescta 55455 
(612)373-8938 

Mr. Mark A. Oliveira 

Chief, Scientific Councils 
American Heart Association 
AHA National Center 

7320 Greenville Avenue 

Dallas, Texas 75231 
(214:750-5431 
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CORONARY ANGIOGRAPHY: PHYSICIANS’ 
RESPONSIBILITY 


A specter is haunting cardiology-——the specter of malpractice, 
conjured forth in these pages by Effler and Gensini.! They 
propose that when coronary heart disease must be ruled in or 
out coronary arteriography is “the sine qua non of diagnosis” 
and, moreover, that all patients have a legal right to know that 
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wm this technique “may be available and helpful.” They then set 


up a straw rejoinder—“We cannot catheterize every- 
body”——and knock it down with: “. . few of our good cardio- 
vascular laboratories are taxed beyond their productivity.” 
Thus, according to Effler and Gensini: (1) All patients with 
actual or suspected coronary disease are entitled to angiog- 
raphy; (2) there are enough good catheterization laboratories 
todo this Herculean labor; moreover, (3) each patient must 
be advised to the technique to absolve the “traditional car- 
diologist” of his “tyrannical (sic) role” in decision making. 

In observing that the patient’s right to know the options 
available “constitutes a basic (sic) ethic,” Effler and Gensini 
consider inevitable a “landmark malpractice decision against 
a cardiologist” on behalf of a patient “not informed of options 
in diagnosis and therapy of coronary artery disease.” 

Our distinguished colleagues’ modest proposal has some of 
the allure of a dead mackerel in the moonlight—it shines, but 
when you get close you have to hold your nose. One need not 
necessarily agree with some keen observers who might smell 
an effort to drum up business.” Indeed, we cannot fault their 
intentions if their proposal springs rather from professional 
zeal based on belief in the absolute value of this test and hu- 
manitarian zeal for the patient’s rights and their own ethical 

-< conduet. Even a scientific argument could be made for what 
their advocacy clearly implies—a mandatory offer of coronary 
arteriography. Yet they must first deal with a few nagging 
considerations that may trouble even some of us non-“tradi- 
tional cardiologists”: (1) How bread and how deep is “the right 
to know”? Although we always get advised consent, how in- 
formed: is “informed consent” when the consenter is at a 
factual and psychologic disadvantage and, if confronted by 
an informed zealot, a tactical disadvantage? (2) The relatively 
small but definite complication and death rates of the pro- 
cedure are not equal in all catheterization laboratories. Is not 
the patient legally or at least—as a “basie” ethic—entitled to 
minimal risk? Will he have an equal right to first compare the 
safety record of all the available labs? (3) As Gensini contends 
for the Veterans Administration Cooperative Trial, the 
technical quality of angiograms is far from equal among lab- 
oratories. Should not the patient be informed (by right) of this 
+ gross inequality of product? (4) Even in our leading institu- 
tions, there is enormous observer variability in interpreting 
coronary angiograms, particularly for the vast spread of dis- 


=. ease between 0 and 100 percent occlusion. Whose reading 


should prevail? (5) Is a single angiogram enough? How often 
<- will repeat angiograms be mandated—by law or by ethics? —to 
“follow the dynamics of coronary atherosclerosis (bypassed or 
inot)? After all, we are ethically bound to a perpetual defense 
of the patient’s health and rights. (6) Distinguished surgeon 
and distinguished angiographer, Effler and Gensini restrict 
the legal and ethical legerdemain in their proposal to the single 
diagnestic procedure that they themselves are most concerned 
with. If they are dealing with a principle—scientific, ethical 
or legal—this restriction is illogical and smacks of advocacy. 
Should not we all therefore maintain up to date checklists of 
every available diagnostic and therapeutic modality so that 
nothing might be omitted in terror of a nit-picking lawyer? 
(7) Should not the patient’s right to know pertain to the 
quality as well as the quantity of what he is informed (advised) 
of? Will the information (including any controversial aspects) 
be presented matter-of-factly or do well meaning zealots now 


~~ have a legal mandate to transmit their enthusiasm? We have 
- decades of experience with worthless and dubious treatments 


_ fer coronary disease, breast cancer, duodenal ulcers, and so 

-on,all “sold” to the patient by those quite honestly believing 
in their value. Effler may recall advocacy of the Vineberg 
operation, specifically including the attendant arteriography.‘ 
‘The Vineberg procedure had only uncontrolled trials but was 
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finally discredited after follow-up. Uncontrolled surgical. 


trials are inherently unethical®* and thus malpractice at 
best—assault and battery at worst. If Effler and Gensinihave = 


now nudged us into more legal thickets, perhaps they will 
tackle all these issues constructively. 

So much for the shiny side of this mackerel-by-moonlight. 
Its aroma arises, not so much from an inadequate presentation” 
of a serious issue, but rather from the objectionable and 
threatening aura of this presentation. Thus, our colleagues’ 
letter is both incomplete and, on at least four grounds, un- 


seemly. First, it is unseemly because Effler and Gensini raise — | 
the specter of malpractice suits based on coronary patients: 
who die in ignorance of coronary arteriography. The malb- 


practice threat may be real—hereafter at least—so that on 


legal as well as logical and humanitarian grounds they should __ 


not have ignored the issues raised in the preceding paragraph. © 
Second, these authors remind us of ethical changes in practice 
(e.g., informed consent) based on “dramatic social changes.” 
Cardiologists are quite aware of this and need not be lectured — 
on ethics by chronic advocates of therapies (Vineberg opera- - 
tions, coronary bypass grafting) before their scientifie-—hence, 
ethical®-8__validation by appropriately designed controlled 


clinical trials. Third, their description of “the traditional © — 
cardiologists’... tyrannical role” is more than unseemly; it. 
is egregiously insulting. Considering its source, this unfounded’ = 
generalization is worthy of Uriah Heep—traditional surgeons. 


and directors of catheterization laboratories, of course, being: = 
total strangers to tyrannical roles. Finally, the assertion of 
underutilization of our “good” laboratories as an inducement 


to universal coronary arteriography suggests a ghastly variant : 


of Parkinson’s law: Let the work expand to fill the facilities. 
In Britain, with comparable demography, there is a compar» 
ative dearth of laboratory and surgical facilities, despite which 
aN indexes and other statistics are comparatively 
good. 


On performance, Effler and Gensini are at the pinnacle of > 


their craft. Hence, to use the analogy of Linus Pauling and: 
Vitamin C, any proposal by them must be considered seri- 


ously. On performance, they are clearly capable of a much: : 
better presentation of this proposal on its merits. But, on = 


performance, they are ill suited to lecturing us on ethies and 
hectoring us on malpractice. a 
David H. Spodick, MD, DSc, FACC- = 
Department of Medicine 
University of Massachusetts 
Medical School 
and 
Division of Cardiology 
St. Vincent Hospitai 
Worcester, Massachusetts 
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REPLY 


There seems to be little doubt that our letter, “Miranda and 
the Patient with Coronary Disease,” raised the hackles of 
David Spodick and provoked a rather lengthy rebuttal. We 
+ have reread it a number of times and fail to see the reason it 

-should upset anyone. Perhaps we look upon it in the same way 
that doting parents look upon their homely child. 

The letter tries to make several points: 

1. Coronary cinearteriography is the ultimate diagnostic 
procedure for coronary artery disease; yet, it is used too 
selectively or not at all by many clinical cardiologists. 

2. A basic ethic of medical practice requires that the phy- 
sician advise a patient of his options for diagnosis and 
therapy; we did not invent this ethic but submit that it 
does exist. A recent medical-legal report by Winslade! 
states that patients are becoming more demanding 
consumers, more vociferously expressing dissatisfaction 
and more often filing law suits for malpractice. The 
California Supreme Court and several other State Courts 
have clearly stated that physicians must inform patients, 
in understandable layman’s language, about the nature 
of their conditions, the methods of treatment, including 
available alternative forms of treatment, and the risks 
inherent in each. The patient, not the physician, has a 
right and responsibility to weigh the potential benefits 
and risk of treatments and to decide whether—and if so, 
which—treatment should be employed. 

Like it or not, we do live in a time when litigation is a specter 
that haunts everyone who practices clinical medicine and 
< surgery. Surgeons were the first to feel the hot breath of 
plaintiff lawyers and are most careful to obtain informed 
consent and offer the right to second opinion. Apparently 
there are still many cardiologists who do not give the patient 
with coronary disease much choice in the matters of diagnosis 
and therapy but have taken full responsibility for this upon 
< themselves. There are cardiologists who think little of coro- 

-pary cinearteriography and want nothing to do with myo- 

<<- cardial revascularization surgery. Such attitudes do not con- 
“cern us particularly but we do believe that the patient with 
ischemic heart disease has a right to know his options and that 
is the sole reason for the “Miranda” letter. Several critics have 
suggested that by putting these points in print we may be 

- encouraging legal action against practicing cardiologists; that 
is not our intent. In our part of the country there is always an 
Impatient skater who can’t wait to go through thin ice and 
-immerse himself in. hypothermic waters. If he insists upon 

- “taking such a risk he has no right to resent the individual who 
<<. posted the sign “Danger—Thin Ice”! 


Donald B. Effler, MD, FACC 
Goffredo Gensini, MD, FACC 

St. Joseph's Hospital Health Center 
Syracuse, New York 
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MANAGEMENT OF PERICARDIAL EFFUSION 


The article by Wei et al.! contains several misconceptions and 
errors of fact, and their technique may represent regression 


rather than progress in the diagnosis and treatment of peri- m- 
cardial effusion. 

As the authors state, arrhythmias, cardiac perforation or 
coronary laceration are potential {and common) eomplications 
of pericardiocentesis, Since the initial step is blind insertion 
of a no. 18 Seldinger needle, the authors’ technique involves 
the same potential complications. The xiphisternal route most 
certainly does not avoid the pleurae, which in many patients 
cross the mid line with inspiration, or major coronary arteries, 
since the acute marginal branch of the right coronary is often 
directly in the path of the needle. In addition, since the needle 
aims toward the thin-walled right ventricle, perforation may 
easily occur at the same time that a current of injury appears 
in the electrocardiogram.* An experience with only three pa- 
tients does not document the safety of this technique; al- 
though no one is going te report their “series” of disastrous 
complications with pericardiocentesis, most experienced 
cardiologists and cardiac surgeons have seen death from 
pericardiocentesis at least once. And when the procedure 
itself does not cause harm, the delay in providing adequate 
decompression of the pericardial sac may do so. 

The authors appear to have a hangup regarding the mor- 
bidity of general anesthesia and thoracotomy. This concern 
is inappropriate. Operative decompression of the pericardium 
can be performed thru a subxiphoid approach, often under 
local anesthesia, When general anesthesia is necessary it may 
be a light anesthesia not requiring intubation. The entire 
operation takes 30 minutes, allows direct vision of the sac and 
heart and placement of one or more large bore chest tubes in 
perfect position at zero risk. This is not a thoracotomy because 
the pleural spaces are not violated. I am uncertain what the 
authors mean by “morbidity of surgical procedures,” but the 
operative approach is extremely well tolerated and, other than 
the presence of a small scar, produces no more morbidizy than 
pericardiocentesis. Fhe notion that critically il patients 
should first have pericardiocentesis before being considered 
for surgery is erroneous. It is precisely the critically ill patients 
who should go immediately to surgery, rather thar incur 
further delay with misguided (how appropriate a term) at- 
tempts at pericardiccentesis. 

In an excellent and thoughtful article, referred to by Wer 
et al., Kilpatrick and Chapman (two internists) all but buried 
pericardiocentesis in favor of direct operative interveation,? 
and this was published long before operation was made even 
safer by the subxiphoid approach. In a popular textbook an- 
other internist has condemned pericardiocentesis? for all but 
the emergency relief of tamponade (and again I disagree with 
this indication also). The safety (46 cases without mortality) 
of the subxiphoid approach in our own institution was recently 
documented by my colleagues,® confirming earlier reports 
from many institutions regarding the efficacy of this tech- 
nique. The authors have presented an improvement in the 
technique of pericardiocentesis but I believe the entire pro- 
cedure should be abandoned in favor of the safer and more 
reliable approach of surgical intervention. 


Ronald M. Becker, MD 
Cardiothoracic Surgery 

Albert Einstein College of Medicine 
Bronx, New York 
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REPLY 


We have no quarrel with Becker’s position that surgical de- 
compression of a pericardial effusion is safe and effective, and 
that in many instances it is the procedure of choice for both 
diagnostic and therapeutic purposes. Situations arise, how- 
ever, when progressive cardiac tamponade becomes life- 
threatening and urgent drainage of the pericardial fluid is 
mandatory. With appropriate hemodynamic monitoring in 
an intensive care unit and an experienced physician per- 
forming the procedure, pericardiocentesis can be accom- 
plished quite safely. Two recent series, encompassing 105 
patients (many with repeated pericardiocenteses) without 
-_ serious complications attest to the safety of current techniques 
_in skilled hands.! Echocardiographic proof of effusion is, of 
_ course, obligatory and we suspect that older reports, such as 
emphasizing the dangers of that of Kilpatrick and Chapman’s 
_ periocardiocentesis included patients in whom the procedure 
was done for diagnostic purposes where there was little, if any, 





> free effusion. 


“Our technique of pigtail catheter drainage of large peri- 
cardial effusions was designed asa temporizing measure in 
patients destined for surgery. Given the choice, we daresay 
most surgeons and anesthesiologists prefer to work with pa- 
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tients with cardiac tamponade in a hemodynamically stable 
condition and on a relatively elective basis. Our techniqu 
provides time for such stabilization and planning. An addi- 
tional benefit which we had not originally envisaged is that 
radiotherapy (malignant effusions) or instillation of local 
chemotherapeutic agents through the pigtail catheter (uremic 
or malignant effusions) may provide completely satisfactory 
treatment of the problem without the need for surgery. Two 
reports published after our article involving larger series of 
patients support this view.?* ae 
The technique of needle, catheter or surgical drainage 
pericardial effusions each has inherent risks and benefits th: 
need to be considered carefully in individual patients : 
cording to the particular clinical situation. We do not cham 
pion our technique to the exclusion of the others and we have 
no desire that Becker's surgical approach be “buried,” "col 
demned”.or “abandoned.” - : > 
: Stephen C. Achuff, MD 
Jeanne Y. Wei; MD 
Cardiovascular Division: 
Department of Medicine 
The Johns Hopkins Hospita 
Baltimorė, Maryland: 
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NEW MEMBERS OF THE COLLEGE 


The following individuals were elected to membership in the American College of 
. Cardiology on September 20, 1979 in the category indicated. 


FELLOWSHIP 


ALVAREZ, Carlos B., MD, Buenos Aires, 
= Argentina 
:: BALKOURA, Maria H., MD, Chicago, iL 
< BARDET, Jean, MD, Boulogne, France 
“BENDA, Richard Louis, MD, Bronxville, NY 
- BERGER, Adolph R., MD, New York, NY 
_BERLINERBLAU, Rubin, MD, Brooklyn, NY 
- BIELINSRI, Robert A., MD, Skokie, IL 
BOJORGES BUENO, Ruben, MD, Mexico, 
~ Mexico 
_ BRENNAN, F. James, MD, Kingston, Canada 
BRENNER, Alan S., MD, Lakeland, FL 
'BRYFOGLE, John W., MD, Philadelphia, PA 
-BUCKLEW,; Lawrence A. dr., MD, 
_ Pittsburgh, PA 
BURKS, JohnM., MD, Williamsport, PA 
. -BUSTAD, Leo B., MD, Anchorage, AK 
CARIDA, Robert V., MD, Plantation, FL 
‘DEANE, William M., MD, Albuquerque, NM 
DRABINSKY, Morris, MD, Encino, CA 
. DURBECK, Donald C., MD, Shiremanstown, 
PA 
| EHSANI Ali A., MD, St. Louis, MO 
_ESHAGHY, Behrooz, MD, Broadview, IL 
FINN, Michael C., MD, Slidell, LA 
FISHER, Lioyd D., PhD, Seattle, WA 
GANDHI, Shantikumar K:, MB, BS, Topeka, 
CKS 
- GEORGE, Boniface O., MD, Lagos, Nigeria 
_ GERRY, Joseph L., Jdr., MD, Baltimore, MD 
 GERSTENBLITH, Gary, MD, Baltimore, MD 
-GHANI, Mohammad F., MBBS, St. Louis, MO 
_GINGELL, Robert L., MD, Buffalo, NY 
_ GIRAGOS, Henry G., MD, Munster, iN 
~ GIRARDO, Salvatore P., MD, Philadelphia, 
“OPA : 
- GOLDSTEIN, David J., MD, Rochester, NY 
= GRANTHAM, R. Nathan, MD, Oklahoma City, 
- GROOTERS, Ronald K., MD, Des Moines, 
AA 
HARIMAN, Robert J. |, MD, Staten Island, 
NY 
` HARTZLER, Geoffrey O., MD, Rochester, 
2a MN 
HOGAN, Patrick J., MD, Houston, TX 
HOWE, John P., IH, MD, Worcester, MA 
ISOM, 0. Wayne, MD, New. York, NY 
JOHANSSON, Bengt W., MD, Malmo, 
~~. Sweden 


KIDD, Joseph N., MD, El Paso, TX 
KIRSHBOM, isaac, MD, New Orleans, LA 
KOLBEL, Frantisek, DSc. Prague, 
Czechoslovakia 
KOLFF, Jacob, MD, Philadelphia, PA 
LEFRAK, Edward A., MD, Fairfax, VA 
LE GALLEY, Thomas D., MD, Marquette, MI 
LEIBOWITZ, Morton M., MD, New York, NY 
LEVINE, Frederick H., MD, Boston, MA 
McFAUL, Richard C., MD, Portland, ME 
MOHAPATRA, Chitta R., MD, Binghamton, 
NY 
MOOSS, Aryan N., MBBS, Omaha, NE 
MOREYRA, Eduardo A., MD, Cordoba, 
Argentina 
NICHOLS, G. Michael, MD, Portland, OR 
NUDEL, Dov B., MD, New Hyde Park, NY 
O'BRIEN, Gerald J., MD, CM, Willimantic, 
CT 
O'ROURKE, Michael F., MD, Sydney, 
Australia 
OTTO, Ralph E., MD, Evanston, IL 
PITLICK, Paul T., MD, Stanford, CA 
PLUTH, James R., MD, Rochester, MN 
QUINN, John C., MD, Winchester, VA 
RAMESH, Lingamneni, MD, Asheville, NC. 
RASKIN, Stephen, MD, Alameda, CA 
RAZEK, M. Zaki A., MD, Wichita, KS 
REEVES, Bozman R., Jr., MD, Charleston, 
sc 
ROGERS, Paul H., MD, Phoenixville, PA 
ROSENBERG, Joel, MD, Washington, DC 
SAKHAIl, Mohsen, MD, Dayton, OH 
SANDZA, Joseph G., Jr., MD, St. Louis, MO 
SAYEGH, Said H., MD, Beirut, Lebanon 
SHEIKH, Shahryar A., MB, BS, Marion, OH 
SIGWART, Ulrich, MD, Lausanne, 
Switzerland 
SPERELAKIS, Nick, PhD, Charlottesville, 
VA 
STEINHERZ, Laurel J., MD, New York, NY 
TADA, Michihiko, MD, PhD, Osaka, Japan 
TERRY, Edwin E., MD, Temple, TX 
THADANI, Udho, MBBS, Kingston, Canada 
VALENCA, Mucio R., MD, Binghamton, NY 
VAN DER HAUWAERT, Lucas G., MD, 
Leuven, Beigium 
VAS, Ran, PhD, Los Angeles, CA 
WAGNER, Henry N., Jr., MD, Baltimore, MD 
WILLIAMS, C. David, MD, Little Rock, AR 
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ADVANCE TO FELLOWSHIP 


ATTAYA, Nabil M., MB, ChB, Lubbock, TX 

BATTOCK, Dennis J., MD, Aurora, CO 

BIDDISON, James #., MD, Baltimore, MD 

CAVANAUGH, Daniel G., MD, El Paso, TX 
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COKKINOS, Dennis V. P., MD, Athens, 
Greece 

DEL VICARIO, Michele, MD, Torrance, CA 

HOLSINGER, James W., Jr., MD, PhD, 
Augusta, GA 

KHOOBLALL, Khem L., MD, Quatre-Bornes, 
Mauritius 

LONDON, Anthony R., MD, Amsterdam, NY 

LOZNER, Eugene C., MD, Hanover, NH 

PLIAM, Michael B., MD, PhD, Minneapolis, 
MN 

RAZI, Bijan, M.D., Tehran, Iran 

ROBERTS, Nigel K., MD, Los Angeles, CA 

SARRELL, Warren-G., MD, Anniston, AL 

SCHWARTZ, Joseph S., MD, Clearwater, FL 

THEODOSIOU, George, MD, Worcester, MA 

TUTTLE, William B., MD, Pittsburgh, PA 
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MARCH 9-13, 1980 


CALENDAR OF EXTRAMURAL PROGRAMS 


PUIG ADS RAE AES SAP NOPE RA EER EE 








The. aim of each program is to increase the 
theoretical and practical knowledge of the 


= nermal-and abnormal function of the cardio- 


---yescular system in man. Most of the programs 
“ar pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the creater availability of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 
To. solve these problems the Committee 
selects each year series of carefully super- 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
Clinical cardiology and allied Sasi science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous. scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 








JANUARY THROUGH MAY 1980 


of the participants. 

These programs should help each physician: 
to keep up with the new knowledge, to put into. 
practice the new advances and to retract 
gracefully from the obsolete and useless 
practices. An effective practitioner must learn 
and relearn, listen to new ideas, share past - 
experiences and observe-the work of his 
peers. The National Program Gommittee for 
Continuing Medical Education of the American: 
College of Cardiology believes that these goals == 
can be accomplished by all members and 
nonmember professionals participating in our ae 
continuing education programs. : 

Leonard S. Dreifus, MD, FACC soe 
Chairman, Continuing Education Committee- 
for Extramural Programs 











To be 


Preceptorships in Cardiology. Arthur 
arranged Seizer, FACC, director, Pacific Medical 
individu- Center, San Francisco, CA 
ally : 

To be Preceptorships in Cardiology. Jules 
arranged Constant, FACC, director, Buffalo Gen- 
individu- eral Hospital, Buffalo: NY 

ally 

JAN, Eleventh Annual Cardiovascular Con- 
14-18 ference at Snowmass. John H. K. 

Vogel, FACC, director and Bruce C. 

Paton, FACC, co-director. Snowmass 

Resort, Snowmass, CO 
JAN, Coronary Artery Disease: Diagnosis 


15 and Treatment. William C. Sheldon, 
: FACC and J. Kent Trinkle, directors. 
Convention Center, San Antonio, TX 


JANT- 


: : Fundamentals of Echocardiegra- 
oO FEB.2 


phy—An introductory Course for Clin- 
icians. Joseph K. Perloff, FACC, director 
and Pravin M. Shah, FACC and John S. 
Child, FACC, co-directors. Century Plaza 
Hotel, Los Angeles, CA 


FEB. 
13-15 


Cardiac Diagnosis: Reappraisal of 
Established Techniques and the Place 
for New Techniques. Ralph Shabetai, 
FACC, John Ross, Jr.. FACC, Gabriel 
Gregoratos, FACC and Joel S. Karliner, 
FACC, directors. Vacation Village Hotel, 
San Diego, CA 


MAR. 


F Thirteenth Annual Seminar. Electro- 
24-28 


cardiographic Interpretation of Com- 
plex Arrhythmias: A Physiological Ap- 
proach. Charles Fisch, FACC and 
Douglas P. Zipes, FACC, directors. in- 
diana University Medicai Center, india- 
napolis, IN 


APR. Cardiology for the Consultant: A Clini- 

7-16 cian’s Retreat. E. Grey Dimond, FACC 
and James E. Crockett, FACC, directors. 
Rancho Santa Fe inn, Rancho Santa Fe, 
CA 

APR. Current Concepts and Advances in 

10-13 Diagnosis, Management and Preven- 
tion of Cardiac and Cardiopulmonary 
Diseases. James S. Forrester, FACC, 
director. Los Angeles, CA 

APR. Consultant's Course in Cardiology. 

14-18 Michael V. Herman, FACC, Louis E. 
Teichholz, FACC, Richard Gorlin, FACC, 
Simon Dack, FACC and Ephraim Do- 
noso, directors. Mt. Sinai Medical Cen- 
ter, New York, NY . 

APR. Vectorcardiography—Basic Workshop. 

16-18 Alberto Benchimol, FACC, director. 
Scottsdale Hilton Hotel, Scottsdale, 
AZ 

APR. Practical Cardiology for the Family 

21-23 Physician. Robert S. Eliot, FACC, di- 
rector. Marriott Hotel, San Antonio, TX 

APR. The Pathology of Congenital Heart 

24-26 Disease. Jesse E. Edwards, FACC, Sa- 
roja Bharati, FACC and Maurice Lev, 
FACC, directors. Palmer House, Chi- 
cago, IL 

APR. New Concepts in Clinical Electrocar- 

25-27 diography. William J. Mandel, FACC and 
iwin Hoffman, FACC, directors. Beverly 
Hilton Hotel, Beverly Hills, CA 

May Problems in Management of Valvular 

1-3 and ischemic Heart Disease. Leonard 


G. Christie, Jr., FACC, Carl J. Pepine, 
FACC and C. Richard Conti, FACC, di- 
rectors. Harstan Convention Center, 
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Innisbrook Resort and Golf Club, Tarpon 


Springs, FL 
MAY Fifth Annual Symposium on Cardio- 
3-6 vascular Nursing. Henry J. L. Marriott; = 
FACC and Leo Schamroth, FACG, di- 
rectors. Carition Hotel, Miami Beach; 
FL 
MAY Clinical Auscultation of the Heart, w. 
7-9 Proctor Harvey, FACG, director and 
Antonio C. deLeon, dr., FACC and John 
F. Stapleton, co-directors. Georgetown | 
University Medical Center, Washington, - 
oC i 
MAY Trends in Cardiology. J. Willis Hurst, 
12-44 FACC, director and Robert C. Sehiant; 
FACO, co-director. Sheraton Atlanta 
Hotel, Atlanta, GA 
MAY Acute Myocardial Infarction. Arthur. © : 
15-17 Selzer, FACC and Keith E. Cohn, FACG, i | 
directors. The St. Francis Hotel, San 
Francisco, CA 
MAY Diagnosis and Treatment of Dysriiyth-- | 
21-23 mias in Children. Paul C. Gillette; FACC, 


Arthur Garson, Jr. and Dan G, MoNa-. | 
mara, FACC, directors. Texas Chilcren’s 
Hospital, Houston, TX 
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tu LEARNING CENTER PROGRAM CALENDAR 





: -The American College of Cardiology's newest department, the Learning anew standard of excellence in cardiovascular continuing education. 
_ Genter, located at the College's Bethesda Maryland headquarters, began For additional information concerning the programs listed below or for 
-Operations in October 1977 with the offering of its first continuing a complete schedule -of programs through July 1980, contact Program 
<- medical education program for physicians with a specialty or an interest Coordinator, Learning Center, American College of Cardiology, 9111 

-ih cardiovascular medicine. The purpose of the Learning Center is to Old Georgetown Road, Bethesda, Maryland 20014. Telephone (301) 
"Support the professional commitment to quality patient care by providing 897-5400. 





JANUARY THROUGH JULY 1980 











: : Month/Dates Program Director Title of Program 

: Jan, 21-23 Wiliam C. Roberts, MD Congenital Heart Disease: The Muitidisciplinary Approach 

: “Jon. 28-30 Gottlieb Friesinger, MD Surgery in ischemic Heart Disease 

Feb. 6-8 Bertram Pitt, MD Nuciear Cardiology 

: : Feb. 114-13 Melvin L, Marcus, MD New Approaches to the Short and Long Term Treatment of Myocardial 

Infarction 

7 Feb. 18-20 Roger A- Winkle, MD Antiarrhythmic Therapy: Current Status and Future Promise 

a March 24-26 Jobr: A. Mantle, MD Quaiity Assurance and Management for Cardiovascular Nurses 

March 27-29 John Spittell, MD Peripheral Vascular Disease 

hee 9-11 Victor Parsonnet, MD Current Concepts in Pacing 

: “April 14-16 Keith Cohn, MD Exercise Testing 

a Apri 21-23 Nanette Wenger, MD Rehabilitation of the Cardiac Patient ` 

April 28-30 Pravin M. Shah, MD M-Mode and 2-Dimensional Echocardiography: Current Status and Future 
: rom 








o May 1-3 Daniel S. Berman, MD Nuclear Cardiology 











: May 5-7 Robert G. Tancredi, MD Pulmonary, Renal and Electrolyte Considerations in Cardiovascular Disease 
oN May 12- moo Louis Lemberg, MD CCU Update for Nursing Supervisors 
” May 19-21 o Arthur E. Weyman, MD Cross-Sectional Echocardiography 
Eliot Rapaport, MD Cardiolegy for the Conton 

Borys Surawicz, MD Advanced Cardiac Electraphysioiogy 

` Syivarr Lee Weinberg. MD CCU Update for Nursing Supervisors 

Arthur D. Hagan, MD Fundamentals of Clinical Echocardiography for the Non-Echocardiographer 
~ July 24-26 victor F. Froelicher, Jr., MD Exercise Testing a 
i a 7 


Paul L. Henry, MD 
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“AMERICAN: COLLEGE Ur DANI Toners 





AMERICAN COLLEGE OF CARDIOLOGY 
Announces .. . 
AFFILIATE IN TRAINING MEMBERSHIP 
For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in arecognized. 
cardiovascular (adult, pediatric, surgical) related programm in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the’ American Board 
of Medical Specialties. Upon completion of training and in order-to maintain an affiliation with- 
the College, the members are encouraged to apply to the Credentials Committee tor statusin ` 
one of the other three membership categories. 


The application for Affiliate in Training must be signed by the Director of the applicant’ E Tane : 

program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he isa Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 


Advantages to the Affiliate in Training 





T: Subscription to The American Journal of Cardiology, the official journal of the 
College. l 


2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs. sponsored by the College: with a limited 
registration. : 


4. Receipt of the quarterly publication, Cardiology, the newsletter of the College. 


5. Participation in all affairs of the College as a member rather wan as a guest of 
the College, 


Those desiring an application form should write to Ms. Margaret E. Coffey, Director, Mem- 
bership Department, American College of Cardiology, 9111 Old Georgetown Road, Bethesda, 
Maryland 20014. 
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INSTRUCTIONS FOR AUTHORS 
The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome concise 
articles devoted to cardiovascular disease. Articles must be contributed solely 
to THE AMERICAN JOURNAL OF CARDIOLOGY and become the property of the 
Publisher. The Publisher reserves copyright and renewal on all published material, 
and such material may not be reproduced in.any form without the written permission 


of the Publisher. Statements in articles are the responsibility of the authors. Authors 
will assist the editors in the prompt processing of manuscripts if these instructions 


-THE WHOLE PAPER 


ə Address manuscript to Managing Editor, 
~ American Journal of Cardiology, 666 Fifth 
Ave., New York, NY 10019. 

« Submit two copies of all elements of the 
article: text, references, legends, tables and 
figures. , 

-e Arrange the paper in this order: (1) title 
page: (2) abstract; (3) text: (4) references; (5) 
_ legends; (6) tables; and (7) figures. 

__» Number all pages in above sequence, be- 

ginning with title page as 1, abstract as 2, 
seto 

<@ Type all-matter: (1) on 8% X 11 opaque 
white bond paper; (2) in-duplicate; (3) on one 
- ide of each sheet only; (4) double-space; (5) 
= leave wide margins, all four sides. 


“THE TITLE PAGE 


_ «Include first names, degrees and, where 
_ applicable, FACC for all authors. 

© Provide a short renning title of 3 to 6 
< words. 
=e Insert at bottom: name and address of in- 
< stitution from which work originated plus in- 
-formation about grants. 

_* Add at bottom the phrase “Address for re- 
“prints: . . ."' followed by full name and address 
with zip code. 


THE ABSTRACT 

_ ©. Limit words as follows: 100 to 250 words for 
= major articles; 50 to 100 words for case re- 

e Add at-end of abstract: list of 2 to 6 key 
_words.and subjects for indexing. 


“THE TEXT 


- © Type in-duplicate; double-space. 
© Do not use. abbreviations such as SVC, 
WPW: write out superior vena cava, Wolff- 
_ Parkinson-White. 
+ Abbreviate measurements (mm, kcat and 
the like) as recommended in. Uniform Re- 
quirements for Manuscripts Submitted to 
‘Biomedical Journals, published in Am Rev 
“Respir Dis 1979; 119:3-10; Ann Intern Med 
1979; 90:95-9; Br Med £1979; 1:532-5; and 
Lancet 1979:1:428-30, 


are followed: 


e Cite in numerical order every reference, 
figure and table. (Order of mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


e Type in duplicate; doubie-space. 

e Number the references in order in which 
they are. mentioned in text. 

e Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. indicate ali abstracts 
by the abbreviation (abstr). 

+ Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

+ Identify at the end of each legend and inal- 
phabetical order all abbreviations in the figure 
described. 


THE TABLES 


e Start each table at top of new page. 
e Type in duplicate; doubie-space. 





+ Give each table a number {in roman nu- 
merals: Table |, i!,.etc) and a title. Number the 
tables in order in which they are mentioned in 
the text. - 

* Provide a footnote to each table-—~identi- 


fying in alphabetical order all abbreviations 


used. 
THE FIGURES 


* Submit 2 glossy prints (not originals} of each 
photo and drawing. : 

+ Please note that art work of published arti- 
cles will not be returned. 

> Use black ink forall charts (line drawings) 
Make decimals, broken lines, etc. strong 
enough for reproduction. 

« Use arrows to designate special features. 

+ Crop photomicrographs to show only es- 
sential field. 

* identify figures on back by number and au- 
thor’s name. 

+ Number figures in order in which they are 
mentioned in the text. 

* Indicate top of each figure. 

+ Submit written permission from publisher 
and author to reproduce any previously pub- 
lished figures. 


* Limit figures to number necessary for clar- ; 


ity. The publisher allows a limited sum toward 
reproduction. 





Examples of Styles cf References 


For periodicals, follow INDEX MEDICUS, listing a authors {if there are 7 or mors, list 


only 3 and add et ai.): 


31. Vismara:LA, Vera Z, Miller RR, Mason DT. Efficacy of disopyramide phosphate in the 
treatment of refractory ventricular tachycardia. Am < Cardiol 1977: 1027-34: 


(Author: please note that no periods are used after authors initials} 


For chapter in book: 


2& Schiebler Gi. Van Mierop LHS, Krovetz LJ. in: Moss AJ. Adams F, eds. Heart Disease 
in Infants, Children and Adolescents. Baltimore: Wiliams & Wikins, 1966:134-9., 


For books (personat author or authors}: 


36. Berne E. Principles of Group Treatment, New York: Oxiord University Press, 1966:26. 


(Author: all book references should have specific page numbers.) 
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Beeson, McDermott & Wanagaarden 


~ CECILTEXTBOOK OF MEDICINE 

-h Editen 

~ This year the only thing bigger than the name is the coverage. 

_ Anew editor, several new parts, and a careful revision make 

this fifteenth edition the most important and up-to-date vet. 

Youll fine exciting new material on human growth and 

development, critical care medicine, drug interactions 
“sane much more, Order now! 

By Paul B. Beeson, MD. Walsh MeDermott, MD, and James 8. 

Wreogaarden, MO. 2.478 op. 23511. {9 in color). Single volume: 

$46.00. Order #1663-1. 2-vol. set: $56.00. Order #1667-4. 


Rich & Spencer 


VASCULAR TRAUMA 


This book gives detailed descriptions of a number of vascular 
injuries, including athorough review of their history, incidence 
and nature, Authoritatively presented, it contains a wealth of 
historical, statistical, and clinicalinformation describing the 
setiology, pathology. diagnostic methods, management, results, 
arc follow-up of a variety of arterial and venous injuries. 
Major vessels are emphasized. 
-ay Norman M, Rich, MD, FACS, Coli; MC, USA, Chief, Peripherat 
=- Vascular Surgery Service, Walter Reed Army Medical Center, Pref. 
“cand Chairman of the Dept. of Surgery. Uniformed Services Univ. of 
ce the Heaith Sciences; and Frank C. Spencer, MD. FACS, George 
_ David Stewart Prof. of Surgery and Chairman of Surgery Dept.. 
< New York Univ. School of Medicine. 610 pp. 563 ill. $42.00 
ABNIEIO7E. Order #7580-8. 


-Philips 
- CARDIOVASCULAR THERAPY 
A Systematic Approach, Val, 4—Circulation 


The first of a two-volume set, this is a current highly practical 
guide to the treatment of common cardiovascular diseases. 
it covers disorders of circulation, such as hypertension, shock, 
angina, myocardial infarction, and peripheral arterial and 
venous diseases. Practical intervention against the various risk 
factors in atherogenesis are discussed in detail. Volume II, 
which is in preparation, will focus on diseases of the myo- 
cardium, pericardium, valves, and rhythms. Unique features 
“of both volumes include organization by disease, with step-by- 
vo) Step condition management, and special management consid- 

rations for pediatric, geriatric, pregnant, and surgical patients. 
By Raymond E. Phillips, MD. FACP, Senior Attending Physician, 

z Phelps Memorial Hospital, North Tarrytown, NY; Clinical Asst. Prof. 


cit Medicine, New York Medical College, Valhalla, NY. 762 pp. IHustd. 
836.00. August 1979. Order #7216-7. Vol. ii in preparation. 
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Conn 
CURRENT THERAPY 1980 


The most widely accepted source of treatment advice =- 

Conn, always new, always reliable. The new 1980 edition offers 
more clinically useable data than ever before, Completely 
revised by over 335 leading authorities, it provides 280 articles 
on the most up-to-date proven treatment methods available. 
Just look at the listing below: 


Highlights of the 1980 Edition 

Echinococcosis è malaria ® epidemic influenza è bacterial 
meningitis © infectious mononucleosis * childhood tuberculosis 
+ chronic bronchitis and emphysema pulmonary embolism « 
congenital heart disease» tachycardia © varicose veins + hemo: 
philia lupus» aplastic anemia» acute adult leukemia» untoward 
reactions to blood transfusions © the malabsorption syndrome 
+ ulcerative colitis « obesity « hyper- and hypoparathyroidism + 
insect stings * asthma + contact dermatitis + drug eruptions 
* trauma of ihe urogenitary system * the venereal diseases è 
epilepsy * headache * acute head injuries to the aduit» juvenile 
rheumatoid arthritis è dysmenorrhea + hemorrhage in late 
pregnancy * uterine cancer #aicoholism è burns e and much more! 


Order your Conn today. Review it for 30 days. If not fully satis- 
fied, write “cancel” across the invoice, réturn it, and owe nothing, 


Edited by Howard F. Conn, MD. About 1008 pp. Hlustd. $29.50. 
Ready February 1980. Order #2708-0. 
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« WB. Saunders Co. + 

: W. Washington Square, Philadelphia, PA 19105 : 7 

EO Send on 30-day, no-risk guarantee: $ 
E Conn #27080 © Philips #72167. al E 

E © Beeson Single vol. #16631 Rich #75808. i 

BS Beeson 2-vol. set. #1687-4 | oe 
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Our long-term ECG 
reports are delivered 
nationwide every day, 
seven days a week, 
thousands per month. 


And for a good reason. 


Accuracy. 

We honestly believe that no other company— 
whether offering equipment, reports, or both — 
can deliver as accurate a long-term ECG (Holter) 
report Enough physicians have recognized this 
to make us~—in six short years- the largest re- 
porting service in the country. We've done it with 
advanced equipment, dedicated people, and 
proprietary techniques. 

Quality control starts with the crystal con- 
trolled timing track on our uniquely accurate FM 
two-lead recorder. It ends with a review of every 








report by a CCU-trained nurse. 

In between is our largest contribution to 
accuracy in long-term ECG reporting -the Stein/ 
Peterson™ examination of data in stationary 
display. Not a fleeting automated technique, but 
a sequence of fixed, two-minute ECG segments 
of the entire 24-hour recording, studied by trained 
examiners. The pace is set by the examiner, not 
the computer. We believe people are better than 
computers at defining significant waveforms. 

And we regularly examine our examiners 
performance. We regularly examine our re- 







corders performance. We regularly examine our 
whole operation, looking for ways to improve it, 
for which we have a full time staff of medically 
trained professionals, computer engineers and 
customer relations people ... over 110 at this time. 
So delivering to you an accurate long-term 
ECG report is the result of many people com- 
mited to quality. And we deliver coast to coast, 
to many cities within 24 hours. Call us toll free 
and get the rest of the story: 800-225-9180. Or 
write for complete information and a sample 
report: 1371 Beacon Street, Brookline, Mass. 02146 
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linical Data, Inc. 


Making a long-term commitment to long-term recording. 


ust what the - 
octor ordered. 


We’re asking every 
physician who prescribes 


For over 12 years, Lasix® tablets, 
manufactured in the U.S. exclusively 
by Hoechst-Roussel Pharmaceuticals 
Inc., have been prescribed for millions 
of patients. It is today one of the most 
widely prescribed drugs in the world 
and, clearly, one of the most respect- 
ed. In fact, it can be characterized 
as the diuretic most likely to succeed in all 
degrees of cardiac edema. 


Furosemide is a unique agent, 
potent in an unusually wide range of 
dosage strengths. But it is also inher- 
ently insoluble. And that’s why the 
manufacture and quality control of 
this agent are but two of several criti- 
cal factors in its effectiveness. For it 
has been shown that drug solubility 
can alter absorption and thus can 
seriously affect bioavailability. 





A 


80mg 


And it was apparently this type 
of problem that prompted the FDA 
to alert patients that certain unlaw- 
fully marketed substitute versions of 


furosemide “‘may be ineffective and 
therefore harmful to patients who 
need the drug.””’ 


Lasix® tablets, on the other hand, 
have a record of safety and efficacy that 
is exemplary —a record firmly estab- 
lished in almost 6,000 published 
papers. Since its introduction, 7.8 bil- 


lion Lasix® tablets have been manufac- 


tured — without a product recall by the 
Government for any reason. More- 
over, stability studies demonstrate that 
Lasix® tablets remain unimpaired in 
potency over a five-year period. * 


All this is made possible by the 
thoroughness, experience, integrity 
and worldwide resources of the Lasix® 
innovator, Hoechst, the name behind 


the great clinical success of the product. 


Lasix® (furosemide) tablets to 
show patients how to identify 
them. If it doesn’t say Hoechs' 
it isn’t Lasix. Make sure your 
§ patient checks for the name 
“Hoechst” on the tablet. 


So to be sure of consistent per- 
formance, tablet after tablet, specify 
Lasix®and tell patients to double- 
check that the furosemide they recei 
is dispensed as Lasix®.. .available in : 
wide selection of dosage forms and 
strengths, including the only oral 
solution form of the drug. 


Lasix®— one less variable in the 
treatment of cardiac edema. 
1. HEW News, publication 79-6. U.S. Department of 


Health, Education, and Welfare (Food and Drug 
Administration), March 30, 1979, p. 1. 


*Data on file and available upon request from 
Hoechst-Roussel Pharmaceuticals Inc., 
Somerville, N.J. 08876. 
Before prescribing, please consult complete product 
information, a summary of which appears on the 
following page. 
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Because there’s no substitute for quality 


GSIX® (furosemide) 

brief summary of the Prescribing Information for Lasix 
urosemide). Tablets 20, 40 and 80 mg 

IARNING: Lasix (furosemide) is a potent diuretic which, if 
iven in excessive amounts, can lead to a profound diuresis 
‘ith water and electrolyte depletion. Therefore, careful med- 
‘al supervision is required, and dose and dose schedule 
ave to be adjusted to the individual patient's needs. 
(DICATIONS: Edema associated with congestive heart failure, 
tthosis of the liver, and renal disease, including the nephrotic 
yndrome. Hypertension when used alone or in combination 
‘ith other antihypertensive drugs; patients not adequately con- 
olled with thiazides also probably will not be adequately con- 
olled with furosemide alone. 

ONTRAINDICATIONS: Because animal reproductive studies 
ave shown that furosemide may cause fetal abnormalities, 
le drug is contraindicated in women of childbearing poten- 
al. Anuria. History of hypersensitivity to the compound. 
(ARNINGS: Excessive diuresis may result in dehydration and- 
iducticn in blood volume, with circulatory collapse and with 
1e possibility of vascular thrombosis and embolism, particu- 
rly in elderly patients, Excessive loss of potassium in patients 
ceiving digitalis glycosides may precipitate digitalis toxicity. 
xercise care in patients receiving aay ngewe | 

eroids. Perform frequent serum electrolyte, CO;, and BUN de- 
tminations during first few months of therapy and periodically 
\ereafter, and correct abnormalities or temporarily withdraw 

e drug. Initial therapy of patients with hepatic cirrhosis and 
scites is best carried out in the hospital. Closely observe cir- 
lotic patients for sudden fluid and electrolyte imbalances that 
lay precipitate hepatic coma. Supplemental potassium 
ioride and, if required, an aldosterone antagonist are helpful 
preventing hypokalemia and metabolic alkalosis. Discon- 
Jue furosemide if increasing azotemio and oliguria occur dur- 
g treatment of severe, progressive renal disease. Observe 
atients regularly for possible blood dyscrasias, liver damage, 
‘other idiosyncratic reactions. Patients with known sul- 
inamide sensitivity may show allergic reactions. Furosemide 
lay petentiate the therapeutic effect of other antihypertensive 
gents. Potentiation occurs with ganglionic or peripheral ad- 
inergic blocking drugs. Exacerbation or activation of systemic 
ipus erythematosus may occur. Furosemide appears in breast 
lik. Wuse of the drug is essential, the patient should stop 
ursing. Cases of tinnitus and reversible hearing impairment 
Ove been reported 

here nave also been some reports of cases in which irrevers- 
dle hearing impairment occurred. Usually ototoxicity has been 
»ported when furosemide was injected rapidly in patients with 
evere impairment of renal function at doses exceeding several 
mes the usual recommended dose and in whom other drugs 
nown to be ototoxic were given. If the physician elects to use 
igh-dose parenteral therapy in patients with severely impaired 
inal ‘unction, controlled intravenous infusion is advisable. 

‘or adults, an infusion rate not exceeding 4 mg furosemide 

ar minute has been used. ) 

RECAUTIONS: As with any effective diuretic, electrolyte deple- 
nN may occur, especially in patients receiving higher doses 
1d œrestricted salt intake. Patients receiving furosemide 

yould be observed for clinical signs of fluid or electrolyte 
balance, namely, hyponatremia, hypochloremic alkalosis, 
1d hypokalemia. Serum and urine electrolyte determinations 
e particularly important when the patient is vomiting exces- 
velyor receiving parenteral fluids. Medication such as digi- 
lis may also influence serum electrolytes. Hypokalemia may 
2velop with furosemide as with any other potent diuretic 
specially with brisk diuresis, when cirrhosis is present, or 
jing concomitant use of corticosteroids or ACTH. Interference 
ith adequate oral electrolyte intake will also contribute to 
(pokalemia. Digitalis may exaggerate metabolic effects of 
/pokalemia, especially with reference to myocardial activity. 
symptomatic hyperuricemia can occur and gout may rarely be 
‘ecipjtated. Increases in blood glucose and alterations in glu- 
)se tolerance tests with abnormalities of the fasting and two- 
Dur postprandial sugar have been observed, and rare cases of 
‘ecipitation of diabetes mellitus have been reported. Furose- 
lide may lower serum calcium levels, and rare cases of tetany 
ave been reported. Periodic serum calcium levels should be 
Stoned. Reversible elevations of BUN may be seen. These 
ave been observed in association with dehydration, which 
hould be avoided, particularly in patients with renal insuffi- 
iency, Patients receiving high doses of salicylates in conjunc- 
on with furosemide may experience salicylate toxicity at lower 
oses becouse of competitive renal excretory sites, Furosemide 
as a tendency to antagonize the effects of tubocurarine and 
lay potentiate the action of succinyicholine. Lithium generally 
rould not be given with diuretics because they reduce its renal 
earance and add a high risk of lithium toxicity. Diuretics such 
5 furosemide may enhance the nephrotoxicity of cephaloridine 
yerefore, furosemide and cephaloridine should not be ad- 
inistered simultoneously. Furosemide may decrease arterial 
sponsiveness to norepinephrine. This diminution is not suffi- 
ent to preclude effectiveness of the pressor agent for therapeu- 
+ use. 

has been reported in the literature that coadministration of 
domethacin may reduce the natriuretic and antihypertensive 
fects of Lasix (furosemide) in some patients. This effect has 
en attributed to inhibition of prostaglandin synthesis by in- 
ymethacin. Indomethacin may also affect plasma renin levels 
\daldosterone excretion: this should be borne in mind when 
fenin profile is evaluated in hypertensive patients. Patients 
ceiving both indomethacin and Lasix (furosemide) should be 
served closely to determine if the desired diuretic and/or 
itinypertensive effect of Lasix (furosemide) is achieved. 
DVERSE REACTIONS: Anorexia, oral and gastric irritation, 
ousea, vomiting, cramping, diarrhea, constipation, jaundice 
Nnirahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
iesias, headache, xanthopsia, blurred vision, tinnitus and 
aring loss, anemia, leukopenia, agranulocytosis (rare), 
ombocytopenia, aplastic anemia (rare), purpura, photosen- 
itwity, rash, urticaria, necrotizing angiitis (vasculitis, cutane- 
Us vasculitis), exfoliative dermatitis, erythema multiforme, 
furitus. Orthostatic hypotension may occur and may be exag- 
esated by alcohol, barbiturates, or narcotics. Other adverse 
tactions include hyperglycemia, glycosuria, hyperuricemia, 
wscle spasm, weakness, restlessness, urinary bladder 

pasm, thrombophlebitis. 


HOECHST-ROUSSEL 


PHARMACEUTICALS INCORPORATED 


— SOMERVILLE, NEW JERSEY 08876 Q66168-1079 
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reference? 
If it's not MODERN DRUG 
ENCYCLOPEDIA, you can’t be sure. 


MODERN DRUG ENCYCLOPEDIA 

and Therapeutic Index 15th Edition 
Arthur J. Lewis, MD, Executive Editor 

Gertrude Dittus Bonzales, R.Ph., Executive Editor 
Charles L. Winek, Ph.D., Contributing Editor 


The all new 15th Edition of MODERN DRUG ENCYCLOPEDIA is 
written especially for the practitioner who needs complete, objec- 
tive information on prescription drugs. 

An independent team of pharmacists and physicians has research- 
ed and edited all the facts on 3,000 prescription drugs. They pass 
this research on to you in an easy to absorb style that’s perfectly 
suited to the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They 
don’t edit. Only print material the manufacturer pays to have included 
Here's what careful planning does for MODERN DRUG 
ENCYCLOPEDIA: 

e limits entries to prescription drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one 
alphabetic sequence 

© arranges entries by generic name. All brand names in one place 

è written in concise language for quick comprehension 

e designed with a “strong focus” layout, easy-to-read type, and bold 
subject headings. 

The 1,000 page main section arranges over 3,000 drugs alphabeti- 
cally by generic name. Each entry covers vital facts about brand 
names and each manufacturer that markets their own brand. 

Three a-z indexes provide instant access to all the material found 
in the main secton as follows: 

e GENERAL INDEX of all brand generic names in a-z sequence 
e THERAPEUTIC INDEX of which drugs are prescribed for which 


purpose. Allows you a wide selectin of therapy based on your pa- 

tient’s special needs 
e MANUFACTURERS INDEX of names and addresses and product 

names. Helps you identify the drug when you only know the 

manufacturer's name 

And, our Free Updating Service informs you of changes in 
specifications and introduces new drugs. You receive them free 
of charge until the publication of the next (16th) Edition 

Try using MODERN DRUG ENCYCLOPEDIA for 30 days at our 
risk. Then keep it only if you're convinced that it answers a practi- 
tioner’s need for concise, easy to read information on prescription 
drugs 


YORKE MEDICAL GROUP, 666 Fifth Avenue. NY. NY 10019 
Please send me a copy of the all-new 15th Edition of MODERN 
DRUG ENCYCLOPEDIA and enter my two year free subscription 
to the Periodic Updating Service. If this new edition is the best 
drug information reference for practitioners available, | will 
remit $38.95, plus shipping. Otherwise, | will return it within 30 
days and owe nothing. 


O Check here if enclosing $38.95 now as full payment. 

Publisher pays shipping. Same return guarantee 

O Charge my credit card: O Master Charge [O Visa 
Cardis ee RY SExpire date 


NAME 


















ADDRESS 


GUY) ah 2 2 FST AE 3 ZIP 

New York residents add applicable sales tax. (Outside Western 

| Hemisphere prepay in US. funds or charge to credit card at $44.00 per 
copy.) AJC-1/80 
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IN THE ANXIOUS POST-MI PATIENT 


THESE PARAMETERS MAY BE IMPROVING. 








The patient’s ECG shows an improved 
picture with virtually no signs of the S-T 
segment shift associated with myocar- 
dial injury. Both the erythrocyte sedi- 
mentation rate and the SGOT are 
now within normal limits. Blood 
pressure readings are on the low 
side and the patient's pulse rate 
is down to 80 beats per minute. 

The atrial gallop sound can 
no longer be heard. 

















BUT THESE MAY NOT. 








You’ve assured the patient, time 
and again, that he’s making ex- 
cellent progress, that all signs 
point to a marked improve- 
ment in his condition. He 
seems to understand... 
and yet, his 










excessive 
‘anxiety and “Sie 
psychic tension continue 
to pose problems. 
For patients like this, adjunc- 
tive Valium (diazepam) can 
be particularly useful. Valium 
Vag orks promptly: patients often 
feel distinctly calmer in hours, 
usually report significant symp- 
tomatic relief within days. And 
once calmer and in better con- 
trol of their emotions, they tend 
to be more optimistic as well 
and to enter more willingly into 
rehabilitative programs. 

Valium can also alleviate the 
anxiety-linked insomnia so often 
seen in post-MI patients. In 
most cases, adding an h.s. dose 
of Valium to the usual t.i.d. 
schedule helps relieve “night- 
time apprehensions” and 
encourages sleep. And Valium is 
used with most classes of pri- 
mary medications, including 


cardiac glycosides, anticoagu- 
lants, diuretics and vasodilators. 
An especially important advan- 
tage: Valium (diazepam) is usually 
well tolerated. Though drowsiness, 
ataxia and fatigue are encoun- 
tered with some patients, these 
and more serious side effects are 
rarely a problem. Patients who 
will be taking Valium during 
their first weeks at home should 
be cautioned against the simul- 
taneous drinking of alcohol. 
Periodic reassessment of the pa- 
tient’s need for psychotropic 
medication is also recommended. 




















VALIUM. 


diazepam/Roche 


mg, 5-mg, 10-mg scored tablets 


TO REDUCE EXCESSIVE ANXIETY 
` TO MORE MANAGEABLE LEVELS 


Before prescribing, please see following < ROCHE > 
nana far a creme: nl mandant La fan ntin 


Valium® (diazepam/Roche) 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 
Indications: Tension a 
compiaints which a 
factors: psychoneurot 
Sion. anxiety. apprenens 
agitation: s ot 
ation. tremor. delirium 
s due to ac 
junctively in skeletal n 
spasm to local pathology 
oper motor neuron d 


How to Keep Up 
with the Most 
Recent Advances 
in Your Specialty 
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in the Comfort of Your Home or Office 
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drug. Children under 6 mo 
row angie glaucoma: I 
gle glau 
appropriate therapy 
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dependence 
Usage in Pregnancy: Use of minor tranquiliz- This new book is designed for the busy physician who finds it difficult 
ers during first trimester should almost al- to keep up with the growing literature in his profession. Up until now 
ways be avoided because of increased risk the only way this could be done was to attend such conferences as the 
of congenital malformations as suggested in highly acclaimed Update Your Medicine sponsored by New York 
several stugies. Censier possen or prog- Hospital, Cornell Medical Center. These programs were developed to 
KiS pre, ‘occ if they end fiz AS prepare doctors for Recertification despite heavy work loads. 

A do become pregnant. - : The 16 Lectures are Presented in Compact 
recautions: |í combined with ot psycho- , : Workbook Style for Quick Reading and 

tropics or anticonvulsants der carefully AMA Physician's : ear Cokectbennion y 

pharmacology of agents employed. drugs such Recognition Award 







. Update Your Endocrinology I: 
Thyroid & Gonad 

. Update Your Endocrinology II 
Hypothalamus and Anterior Pituitary 

. Update Your Cardiology 

. Update Your Gastroenterology: 
Chronic Active Hepatitis 


as pt barbiturates. MAO 


inhibito 


ines. narcot 
and other antidepre: 





CORNELL MEDICAL UP- 
DATE | has been ap- 
Proved for Category 1 
credit towards the AMA's 
Physician's Recognition 
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Award for Continuing Med- 
Limit dosage to smallest effe e amount in pobre pgs details | Ea ehr Gastraentorologr: 
elderly and debilitated to preclude ataxia or on how to y tor è : 
oversedation : Wy with every : pirni z Miaka Physiology and 
Side Effects: Drowsiness. confusion, diplopia i : 7. Recent Advances in Cancer 
hypotension, changes in libido. nausea. fatigue x Chemotherapy 
depression, dysarthria, jaundice, skin rash. ataxia Read it for 30 days—FREE : 8. Compendium of Antineoplastic Agents 
constipation, headache. incontinence. changes in Use it to check any prob- : 9. Update Your Immunology: 
salivation, slurred speech, tremor, vertigo, urinary pain Wnion ca “p in yout : pa ene ean A e 
retention. blurred vision. Paradoxica! reactions practice throughout a b 3 : 
such as acute hyperexcited states, anxiety. hal- month. Then keep the book n ar ard of Asthma 
lucinations, increased muscle spasticity. insomnia gee N YOU WADE ee eee : 42 Update Your Radiology: Angiography of 
rage. sleep disturbances, stimulation have been nent reference. Otherwise : the GI Tract in Management of Acute 
reported: should these occur. discontinue drug simply return it and owe : Arterial Bleeding 
Isolated reports of neutropenia, jaundice; periodic nothing. You have nothing to : 13. Update Your Radiology: Sonography of 
blocd counts and liver function tests advisable lose and a whole world of : the Abdomen 

















during long-term therapy valuable life-Saving knowl- : 14. Recent Advances in Diabetes Mellitus 
Dosage: Individualize for maximum beneficial ef- edge to gain. Order right > as PAte tne REA by the Reader 
fect. Aduits: Tension, anxiety and psychoneurotic now! = _46cEvaluation ofthe Reader ter iho AMA 
states, 2 t0 10 mg b.i.d. to q.i.d.; alcoholism Physician's Recognition Award Credits 
10 mg t.i.d. or q.i.d. in first 24 hours. then 5 mg 

td. or qi.d. as needed adjunctively in skeleta = oe oe ee ee ee eee ee ee ee ee eee eee ee eee ee eee 
muscle spasm, 2 to 10 mg t.i.d. or a i.d.: adjunc- : 

tively in convulsive disorders, 2 to 10 mg b.i.d. to Yorke Medical Books AJC-1/30 

q.d. Geriatric or debilitated patients 2 to 2v2 666 Fifth Ave., New York, NY 10019 

Fee cheese Ver had aiaa deha TE YES! Please send me a copy of CORNELL MEDICAL UPDATE 
dren: 1 to 2% mg t.id. or q.i.d. initially, increasing | at $32.00. | may use the book for 30 days and if not com- 
as needed and tolerated (not for use under pletely satisfied, return it for full credit or refund. 

6 months) = “er 

Supplied: Valium® (diazepam) Tablets, 2 mg O Payment enclosed, publisher pays shipping cost 4 
5mg and 10 mg—bottles of 100 anc 500 O Bill me, plus cost of shipping 


Tel-E-Dose® packages of 100, available in trays of 
4 reverse-numbered boxes of 25, and in boxes 
containing 10 strips of 10; Prescription Paks of 50 Name. 2 
available singly and in trays of 10 

si Address. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc City. State. Zip. 
Nutley, New Jersey 07710 


New York State residents add applicable sales tax 
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marquetie’s case... 
still the only exercise 
system with an 
intelligent microcomputer. 





d why intelligent? ~ | 


e It eliminates artifact 

e It detects arrhythmias 

e It automates the test procedure 
e It generates a complete report 

e It insures against obsolescence 


a Marquette 
A electronics inc. 


Marquette Electronics, Inc. + 8200 W. Tower Ave. ¢ Milwaukee, WI 53223 e (414) 355-5000 
Marquette Electronics GmbH e Ernsbergerstr 9, D 8000 Munchen 60, West Germany œ (089)88 30 24 
Marquette Electroni ics GB, Lid. e Barton 1 Airport, Eccles, , Manchester | M30 TSA England » (061 )707- -2595 











Medtronic... 
leading the way 
toman’s heart. 


Medtronic...a name synonymous with 
technological advancement in heart care through 
the years. A name that means superb craftsman- 
ship and superior reliability in applied biomedical 
engineering today. A name that stands for com- 
mitment to excellence in cardiac screening, diag- 
nosis, treatment and rehabilitation. 

Medtronic helps you help the heart patient 
with a broad spectrum of outstanding products 
and services. Medical Data Systems, a division of 
Medtronic, specializes in software programs for 
nuclear cardiology. Cardiocare, another division, 
provides monitoring and arrhythmia detection 
services. Kastec Corporation produces prosthetic 
heart valves. 

With the broadest selection of pacing leads, an 
entire family of accessories, and now, the intro- 
duction of the remarkable new Spectrax pacers 
and programmers, Medtronic continues leading 
the way to man’s heart. 





£S Medtronic: | 


When the pressure’s on, 
Norton performs! 


Choose Norton for reliability and accuracy 
in all invasive monitoring procedures. 
Consider these advantages when using 
Norton Monitoring/Administration and 
Extension Lines. 


Clear lines and connectors permit instant 
visual check for air bubbles 


Integral fittings and connectors insure 
leak-proof seals. 


Winged connectors provide non-slip 
handling, even when hands are wet 


Controlled damping for accurate pressure 
readings 


Standard luer-lock dimensions are com- 
patible with most fittings and monitoring 
components 


These Norton efficiencies and safeguards 
protect you and your patient 


Norton Monitoring/Administration and 
Extension Lines are ready to perform 
for you. 

Single-patient use reduces possibility of 
cross-infection 


Color tabs in every monitoring line package 
insure consistent set-up and component 
replacement. 


Individual Tyvek* package assures product 
sterility and integrity 


uF 


Norton offers a variety of lines. 

Monitoring/ Administration Lines are available 
in standard .060” ID as well as low volume 
040" ID. Proper type of connector and length 
are available to meet virtually any need 


Special Extension Lines come complete with 
pre-attached three-way stopcock and allow 
for maximum flexibility during set-up and 
monitoring. 





When the pressure’s on, 

order Norton Monitoring/ Administration 
Lines and Extension Sets. Contact your 
Norton representative or medical products 
distributor for all the details 


At Norton, we compound raw material, mold, 
extrude, assemble, package, and distribute. 
And we're uncompromising when it comes 
to product integrity. 


Call toll free 1-800-321-9634 
(Ohio call collect (216) 630-9230) 


When the pressure’s on, Norton performs. 


LED HEALTH CARE PRODUCTS 
PO BOX 250 AKRON OHIO 44309 





Announcing 
the SKI M-mode to Real-time 
Conversion Program. 


A unique opportunity for [yyy budget. And to make your pro- 
owners of the Ekoline20A. cedures easier and faster, you 
’ get at no extra charge our M- 
mode Transducer Kit and 30° 
High Resolution Probe Head. 


There'll never be a better 
time to expand your M-mode 
system to scanning. 74 Is o HI i R | ‘ 

Here's what we'lldotohelp. FR is JHI i Take advantage of this 

We willexchange your Eko- [ER special offer today. 
line 20A M-mode system for a 
new factory assembled and calibrated Eko- For more details, call toll-free 800-538-1556. 
Sector I"two-dimensionalscanning system In California, call collect 408-732-6000. Or 





with a full one-year warranty at a price return this coupon. 

which is bound to match your needs and Sa. aa a a ee ae 
SmithKline Instruments, Inc. 
880 West Maude Avenue 


a Sawthitine comps Sunnyvale, CA 94086 


Please contact me immediately with 
complete information about your 
M-mode to EkoSector I Conversion 
Program. Please phone me at ( 





) 


to arrange a time. 





Name 





Hospital/Clinic 








Street 





City State Zip 


Other SmithKline offices: Australia— 
Brookvale, N.S. W.; Canada—Mississauga, 
Ontario; Latin America/Far East— 
Sunnyvale, California; England—Welwyn 
Garden City, Hertfordshire. 





For ventricular arrhythmias. 

For atrial arrhythmias. 

For smooth, trouble-free conversion. 
For steady maintenance. 


© Greater GI tolerance 
than with quinidine sulfate 
o Full quinidine cardiodynamics 
o Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to norrnal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. ort.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine. * 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—!NDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature- atrial 
and ventricular Contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter, CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinicine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both tor conversion and main-. 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by ¥% to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any further dosage. increase. For maintenance, one 
tablet may be used two to three times a day; generally one tablet 
morning and night wili be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100 


Purdue Frederick 


© COPYRIGHT 1978, THE PURDUE FREDERICK COMPANY/ NORWALK, CT 06856 C8207 211278 
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ABSTRACTS 

29th Annual Scientific Session 
American College of Cardiology 
March 9-13, 1980, Houston, Texas 
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many 
hypertensives 
have 
benefited 
year after 
year 





cardiovascular practical 
benefits benefits 





cardiac output usually maintained effects on daily activities usually minimal: 
. . . There is less frequent symptomatic postural hypotension with 
sodium and fluid retention ALDORIL than with many other antihypertensive agents. Exercise 
generally controlled hypotension and diurnal blood pressure variations rarely occur. 
; : e greater dosage convenience: a b.i.d. regimen is 
two Ha md effective possible for many patients 
complementary agents e four dosage strengths: offer the widest range of 
As a fixed combination, ALDORIL is not indicated for initial dosage strengths available in a combination antihypertensive 
therapy since hypertension requires therapy titrated to the TABLETS 
individual patient. If an available strength of ALDORIL meets ALDORIL?-25 containing 250 mg ALDOMET® (Methyldopa, MSD) 
the patient’s titrated needs, the combination drug may be and 25 mg HycroDIURIL® (Hydrochlorothiazide, MSD) 
more convenient in patient management. Therapy should be TABLETS 
reevaluated aS necessary. ALDORIL-15 containing 250 mg ALDOMET* (Methyldopa, MSD) 
ALDORIL is contraindicated in active hepatic disease; anuria; sia 15 mg HydroDIURIL* (Hydrochlorothiazide, MSD) 
hypersensitivity to methyldopa or to hydrochlorothiazide or ABLETS x 
other sulfonamide-derived drugs; if previous methyldopa ALDORILE D50 containing 500 mg ALDOMET™ (Methyldopa, MSD) 
therapy has been associated with liver disorders. In patients metre HydroDIURIL* (Hydrochlorothiazide, MSD) 
with renal disease, thiazides may precipitate azotemia. Use ALDORII?D30 e 
F i : : : : F A containing 500 mg ALDOMET*™ (Methyldopa, MSD) 
ep ae Ai with severe renal disease or impaired and 30 mg HydroDIURIL” (Hydrochlorothiazide, MSD) M S D 
It is important to recognize that a posi- 
a : A MERCK 


tive Coombs test, hemolytic anemia, 

and liver disorders may occur with ® BANI 
methyldopa therapy. The rare occur- 

rences of hemolytic anemia or liver 

disorders could lead to potentially 


fatal complications unless properly containing methyldopa and hydrochlorothiazide 
recognized and managed. For more 


details, see the brief summary of The most prescribed 


prescribing information. 


For a briet summary combination antihypertensive: 
of prescribing information, 
plete see follow ng page. in the U. S. today 


Antihypertensive TABLETS Antihypertensive TABLETS 
ALDORIL® D50 ALDORIL® D30 
methyldopa 500 mg and methyldopa 500 mg and 
hydrochlorothiazide 50 mg hydrochlorothiazide 30 mg 


WARNING 
This fixed combination drug is not indicated for initial therapy of hypertension. 
| Hypertension requires therapy titrated to the individual patient. If the fixed 


combination represents the dosage so determined, its use may be more convenient in 
patient management. The treatment of hypertension is not static, but must be 
reevaluated as conditions in each patient warrant. 





Contraindications: Active hepatic disease, such as acute hepatitis and active cirrhosis; 
if previous methyldopa therapy has been associated with liver disorders (see Warnings): 
anuria; hypersensitivity to methyldopa or to hydrochlorothiazide or other sulfonamide- 
derived drugs. 


Warnings: METHYLDOPA—It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur with methyldopa 
therapy. The rare occurrences of hemolytic anemia or liver disorders could 
lead to potentially fatal complications unless properly recognized and 
managed. Read this section carefully to understand these reactions. 


With prolonged methyldopa therapy, 10% to 20% of patients develop a positive direct 
Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at daily 
dosage of 1 g or less. This on rare occasions may be associated with hemolytic anemia, 
which could lead to panei fatal complications. One cannot predict which patients with 
a positive direct Coombs test may develop hemolytic anemia. Prior existence or 
development of a positive direct Coombs test is not in itself a contraindication to use of 
methyldopa. If a positive Coombs test develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the positive Coombs test may be a problem. 
For example, in addition to a positive direct Coombs test there is less often a positive 
indirect Coombs test which may interfere with cross matching of blood. 


At the start of methyldopa therapy, it is desirable to do a blood count (hematocrit, 
hemoglobin, or red cell count) for a baseline or to establish whether there is anemia. 
Periodic blood counts should be done during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and at 6 and 12 months after the start of 
therapy. If Coombs-positive hemolytic anemia occurs, the cause may be methyldopa and 
the drug should be discontinued. Usually the anemia remits promptly. If not, 
corticosteroids may be given and other causes of anemia should be considered. If the 
hemolytic anemia is related to methyldopa, the drug should not be reinstituted. When 
methyldopa causes Coombs positivity alone or with hemolytic anemia, the red cell is 
usually coated with gamma globulin of the IgG (gamma G) class only. The positive 
Coombs test may not revert to normal until weeks to months after methyldopa is stopped. 


Should the need for transfusion arise in a patient receiving methyldopa, both a direct and 
an indirect Coombs test should be performed on his blood. In the absence of hemolytic 
anemia, usually only the direct Coombs test will be positive. A positive direct Coombs test 
alone will not interfere with typing or cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross match and the assistance of a hematologist 
or transfusion expert will be needed. 


Fever has occurred within the first three wesks of therapy, sometimes with eosinophilia or 
abnormalities in one or more liver function tests, such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT), bilirubin, cephalin cholesterol flocculation, 
prothrombin time, and bromsulphalein retention. Jaundice, with or without fever, may 
occur, with onset usually within the first two to three months of therapy. In some patients the 
findings are consistent with those of cholestasis. Rarely fatal hepatic necrosis has been 
reported. These hepatic changes may represent hypersensitivity reactions; periodic 
determination of hepatic function should be done particularly during the first 6 to 12 weeks 
of therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver function 
tests, or jaundice appear, stop therapy with methyldopa. If caused by methyldopa, the 
temperature and.abnormalities in liver function characteristically have reverted to normal 
when the drug was discontinued. Methyldopa should not be reinstituted in such patients. 
Rarely, reversible reduction of white blood cell count with primary effect on granulocytes 
has been seen. Reversible thrombocytopenia has occurred rarely. When used with other 
antihypertensive drugs, potentiation of antihypertensive effect may occur. Follow patients 
carefully to detect side reactions or unusual manifestations of drug idiosyncrasy. 
HYDROCHLOROTHIAZIDE—Use with caution in severe renal disease. In patients with 
renal disease, thiazides may precipitate azotemia. Cumulative effects may develop in 
patients with impaired renal function. Use with caution in patients with impaired hepatic 
function or progressive liver disease, since minor alterations of fluid and electrolyte 
balance may precipitate hepatic coma. May add to or potentiate action of other 
antihypertensive drugs. Sensitivity reactions may occur in patients with or without a 
history of allergy or bronchial asthma. Possibility of exacerbation or activation of systemic 
lupus erythematosus has been reported. Lithium generally should not be given with 
diuretics because they reduce its renal clearance and add a high risk of lithium toxicity; 
read circulars for lithium preparations before use of such concomitant therapy. 
Pregnancy and Nursing: Use of any drug in women who are or may become pregnant 
requires that anticipated benefits be weighed against possible risks. 

Methyldopa and thiazides cross the placental barrier and appear in cord blood. 

No unusual adverse reactions have been reported in association with the use of 
methyldopa during pregnancy. Although no obvious teratogenic effects have been 
reported, the possibility of fetal injury cannot be excluded. 

The hazards of thiazides crossing the placental barrier include fetal or neonatal jaundice, 
thrombocytopenia, and possibly other adverse reactions which have occurred in adults. 
Methyldopa and thiazides appear in breast milk. Patients taking ALDORIL should not 
nurse. 

Precautions: METHYLDOPA—Should be used with caution in patients with history of 
previous liver disease or dysfunction (see Warnings). May interfere with measurement of 


Antihypertensive TABLETS Antihypertensive TABLETS 
ALDORIL®-25 ALDORIL®-15 
methyldopa 250 mg and methyldopa 250 mg and 


hydrochlorothiazide 25mg _hydrochlorothiazide 15 mg . 


urinary uric acid by the phosphotungstate method, serum creatinine by the alkaline picrate 
method, and SGOT by colorimetric methods. Since methyldopa causes fluorescence in 
urine samples at the same wavelengths as catecholamines, falsely high levels of urinary 
catecholamines may be reported. This will interfere with the diagnosis of pheo- 
chromocytoma. It is important to recognize this phenomenon before a patient with a 
possible pheochromocytoma is subjected to surgery. Methyldopa is not recommended for 
patients with pheochromocytome. Urine exposed to air after voiding may darken because 
of breakdown of methyldopa or its metabolites. Involuntary choreoathetotic movements 
have been observed in patients with severe bilateral cerebrovascular disease. If such 
movements occur, stop the drug. Patients may require reduced doses of anesthetics; 
hypotension occurring during anesthesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients on methyldopa because the drug is 
removed by this procedure. 

HYDROCHLOROTHIAZIDE— Perform periodic determination of serum electrolytes to 
detect possible electrolyte imbalance. Observe all patients for evidence of fluid or 
electrolyte imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. 
Serum and urine electrolyte determinations are particularly important when patient is 
vomiting excessively or receiving parenteral fluids. Warning signs or symptoms of fluid 
and electrolyte imbalance include dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, muscular fatigue, hypotension, 
oliguria, tachycardia, and gastrointestinal disturbances such as nausea and vomiting. 
Hypokalemia may develop, especially with brisk diuresis, in severe cirrhosis, with 
concomitant corticosteroids or ACTH, after prolonged therapy, or with inadequate oral 
electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to toxic 
effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may be avoided or 
treated by use of potassium supplements, such as foods with a high potassium content. 
Although any chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver disease or renal disease), 
chloride replacement may be required in metabolic alkalosis. Dilutional hyponatremia 
May occur in edematous patients in hot weather; appropriate therapy is water restriction, 
father than administration of salt, except in rare instances when the hyponatremia is life 
threatening. In actual salt depletion, appropriate replacement is the therapy of choice. 


Hyperuricemia may occur or acute gout may be precipitated in certain patients. Insulin 
requirements in diabetic patients may be increased, decreased, or unchanged; latent 
Giabetes mellitus may become manifest. Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects of the drug may be enhanced in postsympathec- 
tomy patients. May decrease arterial responsiveness to norepinephrine; this diminution is 
not sufficient to preclude effectiveness of the pressor agent for therapeutic use. If 
progressive renal impairment becomes evident, consider withholding or discontinuing 
diuretic therapy. Thiazides may decrease serum PBI levels without signs of thyroid 
disturbance. Calcium excretion is decreased by thiazides. Pathological changes in the 
parathyroid glands with hypercalcemia and hypophosphatemia have been observed in a 
few patients on prolonged therapy; thiazides should be discontinued before testing for 
parathyroid function. 

Adverse Reactions: METHYLDOPA— Central nervous system: Sedation, headache, 
asthenia or weakness; dizziness, ightheadedness, symptoms of cerebrovascular 
insufficiency, paresthesias, parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements; psychic disturbances, including nightmares and 
reversible mild psychoses or depression. Cardiovascular: Bradycardia, aggravation of 
angina pectoris. Orthostatic hypotension (decrease daily dosage). Edema (and weight 
gain) usually relieved by use of a diuretic. (Discontinue methyldopa if edema progresses 
or signs of heart failure appear.) Gastrointestinal: Nausea, vomiting, distention, 
constipation, flatus, diarrhea, mild dryness of mouth, sore or “black” tongue, pancreatitis, 
sialadenitis. Hepatic: Abnormal liver function tests, jaundice, liver disorders. Hemato- = 
logic: Positive Coombs test, hemolytic anemie. Leukopenia, granulocytopenia, thrombo- 
cytopenia. Positive tests for antinuclear antibody, LE cells and rheumatoid factor. Al/ergic: 
Drug-related fever, lupus-like syndrome. myocarditis. Other: Nasal stuffiness, rise in BUN, 
breast enlargement, gynecomastia, lactation, impotence, decreased libido, dermatologic 
reactions including eczema and lichencid eruptions, mild arthralgia, myalgia. 


HYDROCHLOROTHIAZIDE— Gastrointestinal system: Anorexia, gastric irritation, nausea, 
vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic cholestatic jaundice), 
pancreatitis, sialadenitis. Central nervous system: Dizziness, vertigo, paresthesias, 
headache, xanthopsia. Hematologic: Leukopenia, agranulocytosis, thrombocytopenia, 
aplastic anemia, hemolytic anemia. Cardiovascular: Orthostatic hypotension (may be 
aggravated by alcohol, barbiturates, or narcotics). Hypersensitivity: Purpura, photosensi- 
tivity, rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis), fever, 
respiratory distress including pneumon tis, anaphylactic reactions. Other: Hyperglyce- 
mia, glycosuria, hyperuricemia, muscle spasm, weakness, restlessness, transient blurred 
vision. Whenever adverse reactions are moderate or severe, thiazide dosage should be 
reduced or therapy withdrawn. 

Note: Tolerance may occur, usually between the second and third month of therapy. 
Increasing dosage of either component separately or together frequently restores effective 
control. Patients with impaired renal function may respond to smaller doses. Syncope in 
older patients may be related to increased sensitivity and advanced arteriosclerotic 
vascular disease; this may be avoided by lower doses. 

How Supplied: Tablets ALDORIL®-15, containing 250 mg methyldopa and 15mg 
hydrochlorothiazide, bottles of 100 and 1000; Tablets ALDORIL®-25, containing 250 mg 
methyldopa and 25mg hydrochlorothiazide, bottles of 100 and 1000; Tablets 
ALDORIL® D30, containing 500 mg methyldopa and 30 mg hydrochlorothiazide, bottles 
of 100; Tablets ALDORIL® D50, containing 500 mg methyldopa and 50 mg hydro- 
chlorothiazide, bottles of 100. 

For more detailed information, consult your MSD representative or see full MSD 
prescribing information. Merck Sharp & Dehme, Division of Merck & Co., 

Inc., West Point, PA 19486. JIARIORI (026) 


Take A Close Look At Compu-Scan™... 





If you are considering a new Holter 
System now or in the future, here’s 
why you should take a closer look 
at Compu-Scan™ — 

O Compu-Scan’s new computer 
based ectopic detection system 
utilizes an operator determined, 
continually updated template 

to accurately measure and cate- 
gorize every beat 

O Single pass automatic ectopic 
scan at 240X real time (six minutes) 
O Easy to use control panel de- 
signed in cooperation with 
scanning technicians 

O Computerized arrhythmia 
detection totally verifiable - 
automatically 

O 1,440 operator selected times 
or diary entries programmable 


O Easy to read Alphanumeric and 
graphic reports presented on the color 
graphics monitor or graphics printer 

O 256 seconds ECG memory - can 
page forward or backward through 
entire 24 hours 





Take a closer look at the ACC in Houston, Island Booth 902. 


The Future in Holter Technology 


O Scan virtually any manufacturer’s 
tapes, cassette, reel to reel, direct 
recording or FM 

O Comp-ActIV™, a miniature four 
channel recorder features FM 
recording, digitally encoded time 
on tape and a clock that must 

be set only once per year 

O Service support - over 40 ser- 
vice centers with 150 tech- 

nicians nationwide 

O Priced significantly under any 
system with comparable features 


Medical Systems 
9151 Rumsey Road 
Columbia, MD 21045 
Call toll free 

(800) 638-2896 
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CLINICAL STUDIES 


‘197 Left Ventricular Ejection Fraction and First Third Ejection Fraction Early After Acute Myocardial 
infarction: Value for Predicting Mortality and Morbidity 


ALEXANDER BATTLER, ROBERT SLUTSKY, JOEL KARLINER, VICTOR FROELICHER, 
WILLIAM ASHBURN AND JOHN ROSS, Jr. l 


Measurements of total ejection fraction in 102 patients with acute myocardial infarction relatively early after ad- 
mission failed to show left ventricular dysfunction in one third of patients, whereas the first third ejection fraction 
obtained with the first pass radionuclide angiographic method appeared to be more highly sensitive for detecting 
such depressed left ventricular function. The total ejection fraction was reduced in 70 percent and the first third 
ejection fraction was depressed in 100 percent of the 44 patients with this measurement. A total ejection frac- 
tion of fess. than 0.52 predicted a significantly increased combined morbidity from congestive heart failure and 
mortality during the ist year after infarction. A first third ejection fraction of less than 0.17 also predicted in- 
creased mortality during that period. It appears that the first third ejection fraction may provide a moré sensitive 
definition of left ventricular function and be a better predictor of 1st year mortality than the total ejection frac- 
tion. 





903 Regional Left Ventricular Function in Acute Myocardial Infarction: Evaluation With Quantitative 
Radionuclide Ventriculography 


JOSHUA WYNNE, MAUREEN SAYRES, DENIS E. MADDOX, JOHN IDOINE, JOSEPH S. ALPERT, 
JANE NEILL and B. LEONARD HOLMAN * 


Using the gated radionuclide ventriculogram to assess the regional: performance of infarcted and noninfarcted 
left ventricular segments after acute transmural myocardial infarction in human. subjects, these investigators 
found that depressed function in apparently noninfarcted left ventricular zones Contributes significantly to left 
ventricular dysfunction, particularly in patients with anterior infarction. Such ventricular dysfunction may occur 
in left ventricular regions remote from infarcted zones. Prognosis and clinical functional class were related to 
performarice not only in infarcted zones but also in noninfarcted zones as assessed with electrocardiography. 
Thus, the regional ejection fraction method provides a means of assessing evolutionary changes in regional per- 
formance after infarction. 


- 210 Sequential Studies of Left Ventricular Function and Wall Motion After Coronary Arterial Bypass 
Surgery l 


LESLIE J. MINTZ, NEIL B. INGELS, Jr., GEORGE T. DAUGHTERS ll, EDWARD B. STINSON and 
EDWIN L. ALDERMAN 


in 12 patients studied during the first postoperative year after coronary arterial bypass graft surgery, ejection 
fraction decréased significantly early postoperatively but recovered to near preoperative values. The data in the 
early postoperative period were consistent with those observed with an increase in heart rate alone with only a 
small chronotropic augmentation of the myocardial contractile state. Resting left ventricular performance varied 
significantly during the 1st postoperative year. Therefore, evaluations made at widely differing times after opera- 
tion should not be pooled in determining operative results and those made after 2 or 3 months are less variable. 
Coronary arterial bypass graft surgery can improve wail motion in regions of previous infarction. 


a7 Combined Right and Left Ventricular Infarction: Pathogenesis and Clinicopathologic Correlations 
NORMAN B. RATLIFF and DONALD B. HACKEL 


At autopsy 34 percent of 102 consecutive patients who died from myocardial infarction in a coronary care unit 
were found to have right ventricular infarction associated. with transmural infarction of the posterior left ventricie 
or the interventricular septum, or both. The common pattern-of atherosclerosis in this series was severe steno- 
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In tune with contemporary 
antihypertensive thinking 


Today antihypertensive therapy has 
gone beyond the empirical addition of one 
drug to another. Today’ clinician looks for 
agents that coordinate their action for 
smoother, more effective control. 

A prime example is increasing use 
of the Apresoline/beta-blocker/diuretic 
regimen in moderate-to-severe hyperten- 
sion. Beta blockers, though effective and 
generally well tolerated, do not lower the 
high peripheral resistance found in 
virtually all long-standing hypertension. 
As a vasodilator, Apresoline deals directly 
with the problem. It can decrease total 
peripheral resistance by more than 60%. 

Beta blockers, on the other hand, 
specifically reduce cardiac output, which 
tends to rise through reflex action with 
Apresoline therapy, while diuretics 
counteract the retention of sodium and 
extracellular fluid. 


After a diuretic... 
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Harmonizing with the 
antihypertensive life-style 
The Apresoline/beta-blocker/diuretic 


regimen is relatively free of serious side- 
effect problems that interfere with daily 
living. 

As the only therapeutic action of 
Apresoline is its direct arteriolar vasodi- 
lator effect, it avoids many distressing side 
effects. Sexual dysfunction, drowsiness, 
lethargy, and sedation are virtually 
unknown. Postural hypotension is rare. 
These side effects are usually also avoided 
with a beta blocker. 

Accompanying a fall in blood 
pressure from Apresoline is an increase in 
cardiac rate and output. Apresoline also 
maintains or increases renal and cerebral 
blood flow. As with any antihypertensive 
agent, use with caution in patients with 
advanced renal damage. Contraindicated 
in coronary artery disease. 
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Apresoline® hydrochloride 
(hydralazine hydrochloride USP) 


TABLETS 

INDICATIONS 

Essential hypertension, alone or as an adjunct 
CONTRAINDICATIONS 

Hypersensitivity to hydralazine; coronary artery 
disease; and mitral valvular rheumatic heart 
disease. 

WARNINGS 

Hydralazine may produce in a few patients a clini- 
cal picture simulating systemic lupus erythema- 
tosus. In such patients hydralazine should be dis- 
continued unless the benefit-to-risk determination 
requires continued antihypertensive therapy with 
this drug. Symptoms and signs usually regress 
when the drug is discontinued but residua have 
been detected many years later. Long-term treat- 
ment with steroids may be necessary. 

Complete blood counts, LE. cell preparations, and 
antinuclear antibody titer determinations are indi- 
cated before and periodically during prolonged 
therapy with hydralazine even though the patient is 
asymptomatic. These stucies are also indicated if 
the patient develops arthralgia, fever, chest pain, 
continued malaise or other unexplained signs or 
symptoms. 

A positive antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician care- 
fully weigh the implications of the test results 
against the benefits to be derived from antihyper- 
tensive therapy with hydralazine. 

Use MAO inhibitors with caution in patients receiv- 
ing hydralazine. 

When other potent parenteral antihypertensive 
drugs, such as diazoxide, are used in combination 
with hydralazine, patients should be continuously 
observed for several hours for any excessive fall in 
blood pressure. Profound hypotensive episodes 
may occur when diazoxide injection anc Apresoline 
(hydralazine hydrochloride) are used concomi- 
tantly. 


Usage in Pregnancy 

Animal studies indicate that hydralazine is 
teratogenic in mice, possibly in rabbits, and not in 
rats. Teratogenic effects observed were cleft palate 
and malformations of facial and cranial bones. Al- 
though clinical experience does not include any 
positive evidence of adverse effects on the human 
fetus, hydralazine should not be used during preg- 
nancy unless the expected benefit clearly justifies 
the potential risk to the fetus 

PRECAUTIONS 

Myocardial stimulation produced by Apresoline can 
cause anginal attacks and ECG changes of 
myocardial ischemia. The drug has been impli- 
cated in the production of myocardial infarction. It 
must, therefore, be used with caution in patients 
with suspected coronary artery disease 

The “hyperdynamic” circulation caused by 
Apresoline may accentuate specific cardiovascular 
inadequacies. An example is that Apresoline may 
increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the 
pressor responses to epinephrine. Postural 
hypotension may result from Apresoline, but is less 
common than with ganglionic blocking agents. Use 
with caution in patients with cerebral vascular 
accidents. 

In hypertensive patients with normal kidneys who 
are treated with Apresoline, there is evidence of 
increased renal blood flow and a maintenance of 
glomerular filtration rate. In some instances im- 
proved renal function has been noted where control 
values were below normal prior to Apresoline ad- 
ministration. However, as with any antihypertensive 
agent, Apresoline should be used with caution in 
patients with advanced renal damage 

Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyridoxine effect 
and the addition of pyridoxine to the regimen if 
symptoms develop 

Blood dyscrasias, consisting of reduction in hemo- 
globin and red cell count, leukopenia, agranulo- 
cytosis, and purpura, have been reported. lf such 
abnormalities develop, discontinue therapy. 
Periodic blood counts are advised during pro- 
longed therapy. 

The Apresoline tablets (10 and 100 mg) contain 
FD&C Yellow No. 5 (tartrazine) which may cause 
allergic-type reactions (including bronchial asthma) 


in certain susceptible individuals. Although the 
overall incidence of FD&C Yellow No. 5 (tartrazine) 
sensitivity in the general population is low, it is tre- 
quently seen in patients who also have aspirin 
hypersensitivity. 
ADVERSE REACTIONS 
Adverse reactions with Apresoline are usually re- 
versible when dosage is reduced. However, in 
iid cases it may be necessary to discontinue the 
rug 
Common: Headache; palpitations; anorexia: 
nausea; vomiting; diarrhea; tachycardia; angina 
pectoris. 
Less frequent: Nasal congestion; flushing; lactima- 
tion; conjunctivitis; peripheral neuritis, evidenced 
by parestnesias, numbness, and tingling. edema; 
dizziness tremors; muscle cramps; psychotic reac- 
tions characterized by depression, disorientation, 
or anxiety; hypersensitivity (including rash, ur- 
ticaria, pruritus, fever, chills, arthralgia, eosin- 
ophilia, and, rarely, hepatitis); constipation; 
difficulty in micturition; dyspnea; paralytic ileus 
lymphadenopathy; splenomegaly; blood dys- 
crasias, consisting of reduction in hemoglobin and 
red cell count, leukopenia, agranulocytosis, and 
purpura; hypotension; paradoxical pressor 
response. 
DOSAGE AND ADMINISTRATION 
Initiate therapy in gradually increasing dosages: 
adjust according to individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
to 25 mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage 
to 50 mg 4 times daily. For maintenance, adjust 
dosage to owest effective levels. 
The incidence of toxic reactions, particularly the 
L.E. cell syndrome, is high in the group of patients 
receiving lerge doses of Apresoline. 
In a few resistant patients, up to 300 mg Apresoline 
daily may be required for a significant antihyper- 
tensive effect. In such cases, a lower dosage of 
Apresoline combined with a thiazide, reserpine, or 
both may be considered. However, when combin- 
ing therapy, individual titration is essential to insure 
the lowest possible therapeutic dose of each drug. 
665115 C80-15 (1/80) 
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When you buy from 
Physio-Control, 
you get more than 
just a machine. 


You get people. Committed 
people. You get the largest and 
most reponsive service organi- 
zation in the industry. The best 
trained. The most dedicated. 
Factory-direct and nationwide. 

It's no accident either. 

At Physio-Control, we pride 
ourselves on producing the most 
advanced acute cardiac care 
systems in the world. But excel- 
lence of product isn’t enough. 
A life-saving system must have 
service to match. 

You stand behind your 
work. So do we. 
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sis or occlusion of the left anterior descending and right coronary arteries. Fatal combined right.and left ventricu- 
lar infarction is associated with an unusually large incidence of acute coronary arterial lesions distributed 
throughout the coronary arterial tree, but most commonly in the proximal right coronary artery. The majority of 
the acute coronary arterial lesions were thrombotic, but many intramural hemorrhages within. atherosclerotic 
plaques were also found. 


222 Clinical Features of Left Main Equivalent Coronary Disease 
JOSEPH D. BABB, RICHARD G. SCHMIDT, THOMAS M. BERARD and JOHN M. FIELD 


Although the clinical and hemodynamic data in 70 patients with left main equivalent coronary artery disease did 
not differ significantly from those in 75 patients with left main coronary stenosis, the patients with left main 
equivalent lesions amenable to surgical intervention did not share the same natural history and high mortality 
rates of patients with left main coronary disease. Their natural history more clearly resembled that of the pa- 
tients with operable two or three vessel disease. These patients are not at high risk for early infarction or death 
and can be discharged on standard medical therapy to await surgery at a later date. 


227 Mechanism of the Repetitive Ventricular Response in Man 
H. LEON GREENE, PHILIP R. REID and ALLEN H. SCHAEFFER 


These electraphysiologic studies in 30 patients indicate that the repetitive ventricular response (production of 
two or more ventricular premature complexes in response to a single ventricular pacing stimulus during sinus 
rhythm or atrial pacing) can be associated with clinically important ventricular arrhythmias: and probably repre- 
sents intraventricular rather than proximal His-Purkinje system reentry. in many patients at least two factors gen- 
erate ventricular arrhythmias: (1) an initiating event, such as a premature ventricular depolarization, and (2) a 
substrate on which the initiating event can work to produce a substantial, clinically important arrhythmia. The 
mechanism of reentry is important to any prognostic value of these electrophysiologic tests because induced 
proximal His-Purkinje reentry can occur in normal persons. 


236 Superior QRS Axis of Ventricular Premature Complexes: An Additional Criterion to Enhance the 
Sensitivity of Exercise Stress Testing 


T. JOSEPH MARDELLI, JOEL MORGANROTH and LEONARD S. DREIFUS 


These results demonstrate that the axis of ventricular premature complexes occurring during exercise may yield 
important information that enhances the sensitivity of exercise testing in symptomatic patients with underlying 
coronary artery disease, particularly when this criterion is used in patients with a nondiagnostic S-T segment re- 
sponse to exercise, Although ventricular premature complexes with a vertical axis during exercise may occur 
both in normal persons and in those with coronary artery disease, complexes with an abnormal superior axis ap- 
pear to be a specific marker for coronary artery disease. In 10 patients with angiographically proved normal cor- 
onary arteries the exercise-induced ventricular premature complexes had an axis of — 15° to + 110° (specificity 
100 percent). In the 63 patients with coronary artery disease the presence of an axis of —30° to —120° in such 
exercise-induced complexes showed a sensitivity of 76 percent. 


244 Effects of Exercise Training on Left Ventricular Function in Normal Subjects: A Longitudinal Study by 
Radionuclide Angiography 


STEPHEN K. RERYCH, PETER M. SCHOLZ, DAVID C. SABISTON, Jr. and ROBERT H. JONES 


Radionuclide angiographic studies in 18 normal athletes before and after a 6 month period of intensive training 
for competitive swimming indicate that exercise training appears to enhance cardiac performance primarily by 
improving the ability of the left ventricle to dilate from rest to exercise and to eject the increased end-diastolic 
volume of blood at approximately the same or a lower heart rate. Before intensive training, athletes increased 
cardiac output from rest to exercise primarily by increases in heart rate and stroke volume and by a modest in- 
crease in left ventricular ejection fraction and end-diastolic volume. After training, a significant decrease in heart 
rate and ejection fraction but an increase in end-diastolic volume were noted at rest. Training increases the ca- 
pacity of the heart to utilize the Frank-Starling mechanism to increase its effectiveness at rest and during periods 
of maximal cardiac output. 


7 253 Statistical Comparison of M Mode and Two Dimensional Echocardiographic Diagnosis of Flail Mitral 
Leaflets 


GARY S. MINTZ, MORRIS N. KOTLER, WAYNE R. PARRY and BERNARD L. SEGAL 

in this prospective study of 45 patients who had surgical therapy for pure mitral insufficiency two dimensional 

echocardiography proved distinctly superior to M mode echocardiography in the diagnosis of flail mitral valve 
Continued on page A2t 
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he heart of the matter 
in hypertension 
is the kidney 


The kidney—not the heart—is the key 
t -term arterial pressure control. 

ics help the kidney excrete so- 
dtu, reduce fluid volume and lower 
blood pressure. 


No diuretic blocks sodium retention 
longer than Hygroton. 


In mild hypertension low-dose 


Hygroton 25 mg. An effective, 
conservative therapy. 
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works, the pool ei heart 
doesn’t have to work so hard. 


Consider the anginal heart at stress: It works harder, faster. 

Needs more oxygen. Pumps harder, faster still. Strives for more 
oxygen—with pain. Anginal attack means more nitroglycerin. 
And that means faster heart rate. The cycle repeats. 


Consider Inderal: It reduces heart rate—therapeutically —by some 12 
beats a minute. 720 fewer beats per hour. Some 6 million fewer beats 
per year. That means less work for the anginal heart. Less oxygen 
demand by the myocardium. Fewer anginal attacks. Less need for 
sublingual nitroglycerin. More tolerance for exercise—and more 
freedom of action. 


Reduction in heart rate is modest: should not be cause for concern.’ 

The relatively low dosages required for angina prophylaxis (an average 
of 160 mg/day) produce few, if any, serious adverse reactions, which 

in any case are readily recognized and controlled. 


With proper patient selection—in the absence of bronchial asthma, 
sinus bradycardia, or heart block greater than first degree—risk of 
precipitating cardiac failure is extremely rare. And withdrawal prob- 
lems may be avoided by reducing dosage gradually—rather than 
abruptly.* 





Consider too: There is also a favorable redistribution of perfusion to 
the vulnerable subendocardium.* And, in patients who may still need 
nitroglycerin p.rn., INDERAL will cancel the undesirable increase 
in heart rate and contractility. 


Prescribe INDERAL with confidence. Effec- ih | | è 
tive. Reliable. For patients with moder- 


ate to severe angina in whom conven- PROPRANOLOL HCD 


tional measures have failed. TOD AY’S 40mg 80mg tabs. 
For = information on Contraindications, Precautions, Adverse Reae- 
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‘BRIEF SUMMARY : 
{FOR FULL PRESCRIBING (NFORMATION SEE PACKAGE CIRCULAR } 
‘Inderal® BRAND OF 
PROPRANOLOL HYDROCHLORIDE 
A beta-adrenergic blocking agent 













BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE). THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 

ADRENERGIC RECEPTORS [ALPHA AND BETA} AND THE PHARMACOLOGY OF 
THIS DRUG 








ACTIONS T 
Beta receptor blockade 's useful in conditons in which. because of pathologic or functional 
cnanges. sympathetic activey is excessive of inanpropnate and detrimental to the patient. But 
there are also situations in which sympathetic stimulation is vitai. For example, in patents with 
severely damaged hearts, adequate ventricular k aeniained by virtue of sympathetic 
drive which should be preserved in k, beta blockade may prevent the 
necessary uchon. Beta blockade results in 
oddator activity which shouid be 
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c blockade m angina 6 advantageous. # would 
y delayed onset of pain due to decreased oxy- 


INDICATION 
The initial treatment af angina pectoris 
ing. use of sublingual nitroglycenn, and avoid. 
INDERA: is ndicated ted patents wih moderate 
tos severe a entional measures 
Propranolol should not be ere m patents wih angina which occurs only with considerabie 
effort or with mfrequent precipstating factors 

INDERAL exerts both rable an verable effects. the preponderance of which may be 
beneficial. (See ACTIONS Secon } INDERAL should not be continued unless there :s reduced 
pain or increased work peste 

Because cl the potential for adverse results. treatment should be carefully monitored. The 
patient shovid also be reevaluated periodica nce the dosage requirement and the need ic 
continue INDERAL may be altered by clinical exacerbations or remissions (See DOSAGE AND 
ADMINISTRATION } 

Additional studies of the effects of INDERAL sn angina pectons pat 
better evaiuate and define the oroper role of IMDERAL n this condition 

CONTRAINDICATIONS 
INDERAL is contraindicated in 1) bronchial ashma: 2} allergic rhinitis during the pollen season 
3) snus bradycardia and greater than first degree block: 4) cardiogenic shock: 5) right ventric- 
ular failure secondary to pulmonary hypertension: 6) congestive heart fasure (see WARNINGS} 
unless the failure is secondary :o a lachyarrhy!amia treatable with INDERAL. 7} in patients on 
adrenergic-augmentng psychotropic drugs (including MAO inhibitors), and during the two 
week wihdrawal period fram such drugs 
WARNINGS 

CARDIAC FAILURE: Sympathenc stimulation isa vital comp sporting circulatory lunc- 
hon in congestive heart failure, and intybiban y bete-Diockacie always Carnes the potential 
hazard of turner depr ssing myocardial ee and pret plating cardiac far ue 
INDERAL acts 
qie. that of sup 
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IN PATIE 
and, in some cases, myocard 
therapy Therefore. when disco 
gradually reduced and the patient micrad. in addman n INDERAL 

is prescribed for angina pectoris uid be cautioned against interrupton or 
cessation of therapy without the physician's advice Hf INDERAL therapy is interrupted 

ang exacerbation of angina occurs, it ney sa bie to reinsiiute INDERAL therapy 
anc take other measures appropria sment of unstable angina pectons. 
Since coronary artery disease Ty may be prudent to follow the above 
advice in oabents considered al isk at having occull stherescleronc heart disease, 

who are given propranoio! tor clher indecations 


been reports of exacerbation of angina 
yupi Gascontinualion of INDERAL 
s planned the dosage should be 






























IN PATIENTS WITH THYROTOXICOSIS, pos deleterious effects from long term use have 
nat been adequately appraised. Special considerabcn shouid be given ta propranoio s poten- 
tial for aggravating congestive heart fadure Propeancio! may mask the clinical signs of deveiop- 
ing of continuing hyperthyroidism: or complications and give a faise mpression of improvement 
Therefore, abrupt withdrawal of prcprancio! may De followed by an exacerbation of symptoms 
‘of hyperthyroidism, including thysod storm This es another reason tor withdrawing propranolol 
slowly. Propranolol does not distort thyroid function tests 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been re- 
ported in which. after propranolol the tachycare as replaced by a severe bradycardia re- 
quinng 4 demang pacemaker. in one Case thus ted after an erhal dose of 5 mg propranolol 

IN PATIENTS DURING ANESTHESIA with agers that regure catecholarnine release for 
nce of adequaie cardiac function. t nga the desired notrapic 
uid be tira stered for arrhythruas 
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maintaining the heart beat has also-been reported 

IN PATIENTS PRONE TO NONAL _ERGIC-BRONCHCSPASM (eo. g., CHRONIC BRONCHITE 
EMPHYSEMA). INDERAL should be administered with caution since it may block bronéhodila 
hon produced by endogenous and exogenous catechciarnine stimulation of beta receptors» 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenergit 
blocking activity, INDERAL may prevent the appearance of premonitory signs and symptoms 
(pulse rate and pressure changes) of acute hypaglycernia. This is especially important to kee 
in mand in patients with labile ciabetes. Hypoglycemic attacks may be accompanied by a pre 
orptous elevation of blood pressure 

USE IN PREGNANCY. The safe use of INDERAL in human pregnancy has not been es- 
jabbshed Use of any drug in pregnancy or women of childbearing potential requires that the 
possible isk fo mother and/or festus De weighed agains! the expected therapeutic benefit. Em 
bryotouc effecis have been seen in animal studies al deses about 10 times the maximum rec- 
ommended human dase 

PRECAUTIONS 
Patents receiving catecholamine depleting drugs such as reserpine should be closely ob- 
served if INDERAL is administered. The added catecholamine blocking action of this drug ma 

then produce an excessive reduction of the resting sympathetic nervous activity Occasionally 
the oharmacologic activity of INDERAL may produce hypotension and/or marked bradycardi 
resulting in vertigo, syncopa’ attacks. or orthostatic hypctension 

As with any new drug given over p olonged periods, laboratory parameters should be ob- 
served at requiar intervals. Tre drug shouid be used with caution in patierts with impaired ren 
of hepatic function. 





ADVERSE REACTIONS 
Cardiovascular: bradycardia: congestive heart failure. intensification of AV block: hypotension 


Saresthesia of hands: arterial nsuffic.ency. usually of the Raynaud type. thrombacytopienic 
Durpura 

Central Nervous System: ligntheadedness; mental depression manifested by nsornnia, lass 
ude, weakness, fatigue: reversible mental depression progressing tc catatonia; visual distur- 
bances, hallucinations, an acute reversible syndrome characterized by disorientation for time 
and place, short term memory Icss, emotional lability. slighily clouded sensorium. and de- 
creased performance on neuropsychometnics 

Gastoiniestinal nausea, yamHting, epigastric distress, abdorninal cramping, diarrhea, con- 
shpation. mesenienc arterial thrombosis, ischemic colitis 
Allergic pharyngitis and agranulocytosis, erythematous rash. fever combined with aching 
d sore throat. laryngospasm and respiratory distress 

Respsatory: bronchospasm 

Henaiciogic: agranulocytos.a. nontnrombocytopenrc purpura, thrombocytopenic purpura 

Miscellaneous. reversible alopecia. Oculomucocutaneous reactions involving the skin, ser 
cus membranes and conjuncuvee reported for a beta blocker (practoiol} have not been conci 
Svely associated with propranolol. 

Cinicai Laboratory Test Findings Elevated blood urea levels in patients with severe heart di 
ease, clevaled serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 

The dosage range for INDERAL is di‘ferent for each indication, 
CORAL 

ANGINA PECTORIS— Dosage must be individualized. Starting with 10-20 mg three or four 
es dally. before meals and al tedtime, dosage should be gradually increased at three te 
sever day intervals until optimurr response is obtained. AEhough individual patients may re- 
spond al asy dosage level. the average optimum dosage appears to be 16C mg per day in 
angina pectoris. Ihe value and safety of dosage exceeding 320 mg per day nave not been 
established 

H treatment is to be discontinued, reduce dosage gradually over a period of several weeks. 
{Ses WARNINGS } 


PEDIATRIC DOSAGE 

Al this time the data on the use of the drug in this age group are too limited to permit ade 
quale diecuons for use 

OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING MEA 
SURES SHOULD BE EMPLOYED 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE IS NO RESPONSE 
TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE — DIGITALIZATION AND DIURET! 

+4YPOTENSION— VASOPRESSORS. e.g. LEVARTERENOL OR EPINEPHRINE (THERE IS 















EVIDENCE THAT EPINEPHRINE 1S THE DRUG OF CHOICE) P] 
BRONCHISPASM-- ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE w 
HOW SUPPLIED 
INDERAL 
TASLETS foropranolat hydrochloride) 
No. 461-~- Each scored tablet contains 13 mg of propranoiothydrochionde. in bottles of 100 an 
1.000. Alsoin unit dose package of 100. 
No 462-~Each scored tablet contains 23 mg of propranolol hydrochloride, im bottles of 100 an 





00 Also in unit dose package of 100. 

No 464- Each scored tablet contains 40 mg of propranolol 
G00. Also in unit eee package of 100 

No 466- Each scored tablet contains 80 mg of propranolol hydrochloride, inbotties of 100 an 

1.000. Also in unk ses package of 100. 
INJECTABLE 
No. 3265— Each mi contains 1 mg of prooranoic! hydrochioncie in Water for Imection. The pH is 
adiusied with citric acid. Supplied as: 1 mi ampuis in boxes of 16. 


Refarences: 1 Dagenais. G.R. Pir. B. and Ross, RS. Am. J. Cardiol. 28:10 July) 1971 
2 Ginn WM. and Orgain, ES. JAMA 198.192 (Bec 123 1966.3 Zef, H.J . Patterson, S. 
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Mec Scand 194.517 (Dec.} 1973. 5 Zsowér T.T. and Beaniands, D S. Arch. irtern. Med 
124-584 (Now ) 1969 6 Wiener, L.. Dwyer EM . and Cox, J.W.: Circulation. 39:523 (May) 1969. 
S D.G. Drug Therapy 8:53 ‘July) 1978 &. Coben, L.S.. in Braunwald. E. (ed): Beta- 
Biockade. A New Era in Cardovascular Medicine. Proceedings of an international 
York, Excerpla Meg sevier, 1978, pp. 143-151 
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leaflets. M mode echocardiography had only a sensitivity of 60 percent, a specificity of 53 percent, a predictive 
accuracy of 63 percent and a predictive value of 50 percent as compared with 96, 84, 89 and 94 percent, re- 
spectively, for two dimensional echocardiography. Almost all cases of a flail valve are detectable with a two di- 
mensional study whereas only 60 percent have one or more M mode echocardiographic features. M mode echo- 
cardiography appears to detect more readily a flail posterior than a flail anterior leaflet. 


260 Complications of the Intraaortic Balloon Counterpulsation Device: Clinical and Morphologic 
Observations in 45 Necropsy Patients 


JEFFREY M. ISNER, STEVEN R. COHEN, RENU VIRMANI, WALTER LAWRINSON and 
WILLIAM C. ROBERTS 


Thirty-six percent of 45 patients who died after insertion of an intraaortic balloon assist device at autopsy had. 
one or more complications related to the use of the device. Only 20 percent of the complications were suspect- 
ed before death. These included dissection of the aorta or its distal branches, or both (9), arterial perforation (3), 
arterial thrombi (3), arterial emboli (3), limb ischemia (1) and local wound infection (1). Most complications were 
consequences of insertion of the device and not consequences of its being in place. The addition of a central 
lumen to the-intraaortic balloon catheter to allow pressure monitoring, the use of aortoiliofemoral angiography 
or Doppler monitoring, or both, may help avcid complications related to balloon insertion. 
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: 269° Effect of Verapamil on Regional Coronary and Myocardial Perfusion During Acute Coronary Occlusion 


PROTASIO L. Da LUZ, L. F. MONTEIRO De BARROS, JOAO JORGE LEITE, FULVIO PILEGGI and 
LUIZ V. DECOURT 


S-T segment mapping, retrograde coronary flow and regional coronary resistance studies in 28 dogs subjected 
to acute coronary occlusion show that verapamil protects the ischemic myocardium by increasing myocardial 
perfusion and reducing myocardial oxygen consumption. This drug decreased the magnitude of ischemic injury 
after acute coronary occlusion, reduced regional coronary resistance and increased coronary blood flow to the 
ischemic zone. Although these results cannot be extrapolated directly to human beings they suggest that this 
drug may reduce oxygen demand and improve oxygen supply in patients with acute myocardial infarction and 
that a clinical trial in such subjects is well justified. 


276 | Altered Coronary Flow Responses to Vasoactive Drugs in the Presence of Coronary Arterial Stenosis 
in the Dog 


WILLIAM P. SANTAMORE and PAUL WALINSKY 


These canine studies with intracoronary administered isoproterenol, nitroglycerin, methoxamine and vasopres- 
sin indicate that in the presence of severe stenosis the interaction between the stenotic resistance and distal 
coronary resistance ultimately determines whether a vasoactive agent will increase or decrease coronary blood 
flow. In the presence of coronary stenosis the normal coronary flow response to a vasoactive drug can be atten- 
uated or even reversed. The observed changes in stenotic resistance may be related to and caused by the 
changes in coronary pressure. Such an interaction could be an important factor in the therapy of patients with 
coronary artery disease. For example, in the presence of severe stenosis, distal coronary vasodilatation might 
paradoxically decrease bloed flow by increasing the hemodynamic severity of the stenosed arterial segment. 





SPECIAL COMMENTARY 


286 Dynamic Coronary Stenosis 
K. LANCE GOULD 


This special commentary briefly reviews the published data on the dynamic changes of ‘‘fixed’’ arterial stenosis, 
outlines the basic concepts of fluid dynamics underlying quantitative geometric analyses of stenoses and poses 
some essential, unresolved questions. The hydraulic mechanisms of coronary arterial stenoses are complex 
biophysiologic phenomena requiring continuing serious scientific study, especially in relation to the actions of 
selective coronary vasoactive drugs that produce vasodilation of the proximal stenotic arter ai S6gment and dis- 
tal arteriolar vasoconstriction. High quality quantitative coronary angiography and high fidelity ph ressure- 
flow velocity recordings are needed to sort out the relative importance of the possi : 
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Advantage: 


It’s for all kinds 
of hypertensives 


i j Tablets of 0.1, 0.2, 0.3 mg 


(clonidine HCl) 
Hypertension 


e No contraindications. 


e Effective in all degrees of hypertension. It is mild to 
moderate in potency. 


e Low incidence of depression, impotence, orthostatic 
hypotension—no fatal hepatotoxicity. 


è Preserves kidney blood flow. 


Most common side effects are dry mouth, drowsiness, 
and sedation which generally tend to diminish with time. 





The usual starting dose of Catapres is 0.1 mg at bre: 
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Maximum daily dose—2.4 mg 
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Catapres® 
(clonidine hydrochloride) 


Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in 
potency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevaluation 
of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the 
dose gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure and 
associated subjective symptoms such as nervousness, agitation, and headache. 
Patients should be instructed not to discontinue therapy without consulting their 
physician. Rare instances of hypertensive encephalopathy and death have been 
recorded after cessation of clonidine hydrochloride therapy. A causal relationship 
has not been established in these cases. It has been demonstrated that an 
excessive rise in blood pressure, should it occur, can be reversed by resumption of 
clonidine hydrochloride therapy or by intravenous phentolamine. Patients who 
engage in potentially hazardous activities, such as operating machinery or driving, 
should be advised of the sedative effect. This drug may enhance the CNS- 
depressive effects of alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride should be used with 
caution in patients with severe coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, patients treated with Catapres 
(clonidine hydrochloride) should receive periodic eye examinations. While, except 
for some dryness of the eyes, no drug-related abnormal ophthalmologic findings 
have been recorded with Catapres (clonidine hydrochloride), in several studies 
the drug produced a dose-dependent increase in the incidence and severity of 


spontaneously occurring retinal degeneration in albino rats treated for 6 mo 
longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsine 
sedation. Constipation, dizziness, headache, and fatigue have been ret 
Generally these effects tend to diminish with continued therapy. The fol 
reactions have been associated with the drug, some of them rarely. (In 
instances an exact causal relationship has not been established.) These ir 
Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnormal 
liver function tests; one report of possible crug-induced hepatitis without i 
and hyperbilirubinemia in a patient receiving clonidine hydrochloride, 
thalidone and papaverine hydrochloride. Weight gain, transient elevation ol 
glucose, or serum creatine phosphokinase congestive heart failure, Ray! 
phenomenon; vivid dreams or nightmares, insomnia, other behavioral ch: 
nervousness, restlessness, anxiety and mental depression. Also ras} 
gioneurotic edema, hives, urticaria, thinning of the hair, pruritus not asso 
with a rash, impotence, urinary retention, increased sensitivity to alcohol, dr 
itching or burning of the eyes. dryness of the nasal mucosa, pallor, gynecon 
weakly positive Coombs’ test, asymptomatic electrocardiographic abnor 
manifested as Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished 
seat reflexes and vomiting followed the accidental ingestion of Catapres (clc 
hydrochloride) by several children from 19 months to 5 years of age.@ 
lavage and administration of an analeptic and vasopressor led to compli 
covery within 24 hours. Tolazoline in intravenous doses of 10 mg at 30- 
intervals usually abolishes all-effects of Catapres, (clonidine hydrochloride 
dosage 
How Supplied: Catapres, brand of clonidine hydrochloride, is available as C 
(tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 100C 
available as 0.3 mg (peach) oval, single-scored tablets in bottles of 100. 

For complete details, please see full prescribing information 

Under license from Boehringer Ingelheim GmbH 


Boehringer 
Ingelheim 


Boehringer Ingelheim 
Ridgefield, CT 06877 





INGELHEIM 


= i eo One of as many as 60* blood pressure readings taken 
throughout the day by an ambulatory patient. 


Diastolic: 


93mm Hg ee 







130mm Hg 


aa calibration 


omitted for 
reference point 










f 2 systolic: 


- Bemler 
Ambulatory 
- Blood Pressure 
. Recorder... 


Light, compact one-piece unit 
weighs only 25 ounces 


The Remler patented Ambulatory Blood Pressure Recorder 
has been in use for more than ten years by leading physicians 
and research institutions throughout the world. It is a proven, 
easy-to-use system and the only available blood pressure device 
that completely prints out calibrated blood pressure measure- 
ments showing all Korotkoff sounds. 

This Model M-2000 records blood pressures during the wear- 
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device on a belt, your patient can easily record blood pressure 
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server's presence. 

A further advantage of the Remler system is the substantial 
savings in cost over manual methods for obtaining a multiple 
series of blood pressure measurements. 
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293 Nongeometric Determination of Left Ventricular Volumes From Equilibrium Blood Pool Scans 


301 


GREGORY J. DEHMER, SAMUEL E. LEWIS, L. DAVID HILLIS, DONALD TWIEG, MICHAEL FALKOFF 
ROBERT W. PARKEY and JAMES T. WILLERSON 


Scintigraphic volume measurements calculated from individual frames of a modified 35° left anterior oblique 
projection showed excellent correlation with angiographic measurements in 22 patients for all volume measure- 
ments grouped together as well as for segregated end-diastolic volumes and end-systolic volumes. These and 
other data indicate that radionuclide techniques, independent of geometric assumptions may be utilized to quan- 
titate left ventricular volumes. This imaging approach requires no additional equipment or time above that al- 
ready needed for gated blood pool imaging. It is relatively noninvasive, easily repeatable both at rest and during 
exercise and can be performed in essentially all patients who require clinical cardiovascular evaluation. 


A New Approach to Visualize the Left Main Coronary Artery Using Apical Cross-Sectional 
Echocardiography 


SATOSHI OGAWA, CHIN C. CHEN, FRANCIS E. HUBBARD, FERREL J. PAULETTO, 
T. JOSEPH MARDELLI, JOEL MORGANROTH, LEONARD S. DREIFUS, MAKOTO AKAISHI and 
YOSHIRO NAKAMURA 


In these studies of patients undergoing coronary arteriography, apical cross-sectional echocardiography permit- 
ted visualization of the left main coronary artery in 27 of 35 consecutive patients and its bifurcation in 12 of the 
27. In 26 of the 27 patients cross-sectional echocardiography correctly assessed the patency of the left main 
coronary artery as judged with coronary angiography. The application of both the short axis and apical cross- 
sectional echocardiographic approaches to identification of left main coronary arterial obstruction appears to 
offer a high degree of success in the noninvasive evaluation of patients with suspected coronary artery dis- 
ease. 


PEDIATRIC CARDIOLOGY 


305 The Occurrence of Hyperaldosteronism in Infants With Congestive Heart Failure 


311 


BARRY G. BAYLEN, GREGORY JOHNSON, REGINALD TSANG, LAXMI SRIVASTAVA and 
SAMUEL KAPLAN 


Serum aldosterone and plasma renin measurements in 20 normal infants and 15 infants with congestive cardiac 
failure reveal that hyperaldosteronism is an important contributor to fluid and sodium retention in infants with 
heart failure. Increasing serum aldosterone was related to increasing plasma renin. The administration of an al- 
dosterone antagonist improved diuresis and decreased serum aldosterone. The presence of hyperaldosteronism 
should be considered in the management of infants with heart failure and signs of fluid retention refractory to 
treatment. In such infants a trial of aldosterone antagonists such as spironolactone may be useful. 


Pulmonary Artery Sling 


CARL H. GUMBINER, CHARLES H. MULLINS and DAN G. McNAMARA 


Six additional cases of pulmonary artery sling (66 have previously been reported) are described along with the 
clinical features of the condition and therapeutic recommendations. Death from airway obstruction is common 
before age 6 months in untreated patients. Although vascular surgery provides the only definitive approach to 
these severely symptomatic children, with critical respiratory obstruction, not all children require operation. 
Treatment of congestive failure, intracardiac shunts and intrinsic airway disease and respiratory infections may 
be of critical importance. When surgery is indicated, the outcome may often be influenced by the treatment of 
associated lesions, including aggressive management of abnormalities of the tracheobronchial tree defined by 
bronchoscopy. 


316 Aberrant Left Pulmonary Artery (Pulmonary Artery Sling): Successful Repair and 24 Year Follow-Up 


A26 


Report 


CHARLES D. CAMPBELL, JORGE A. WERNLY, PIPIT CHIEMMONG KOLTIP, DELORES VITULLO and 
ROBERT L. REPLOGLE 


This paper reports a case of anomalous left pulmonary artery arising from the right and coursing behind the tra- 
chea and anterior to the esophagus (pulmonary artery sling) which was successfully repaired by ligation of the 
anomalous vessel and a left pulmonary to main pulmonary arterial anastomosis anterior to the trachea. With re- 
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finements in-exposure and technique of repairing a pulmonary artery sling, the authors believe the present oper- 
ative mortality rate of 50 percent will decrease and the rate of arterial patency will increase. The severity of as- 
sociated tracheobronchial and cardiac anomalies will continue to play a majer role in the overall survival of 
these patients. 


STUDIES IN HYPERTENSION 


321 Hypertension and Propranolol Therapy: Effect on Blood Pressure, Plasma Catecholamines and 
Platelet Aggregation 
NICOLAS D. VLACHAKIS and LOUIS ALEDORT 


Plasma catecholamine concentration and platelet aggregation at rest were greater in the 16 hypertensive pa- 
tients of this study than in the 11 age-matched normotensive healthy subjects. Exercise significantly increased 
catecholamines and platelet aggregability. The administration of propranolol (240 mg/day) significantly de- 
creased systolic and diastolic blood pressures and platelet aggregation and significantly increased catechol- 
amine concentration at rest but not during exercise. Abrupt withdrawal of propranolol was not associated with 
any subjective or objective untoward cardiovascular rebound effect or abnormal changes in plasma catechol- 
amines, but platelet aggregability increased significantly. 


EPIDEMIOLOGY 


326 Blood Pressure and Survival After Myocardial Infarction: The Framingham Study 
WILLIAM B. KANNEL, PAUL SORLIE, WILLIAM P. CASTELLI and DANIEL McGEE 


Blood pressure and cther data obtained biennially from 2,336 men in the Framingham cohort over a 20 year peri- 
od of follow-up study imply that high biood pressure after myocardial infarction is associated with an increased 
risk of early death and that a reduction in pressure is of ominous import, suggesting a severely damaged myocar- 
dium. Persons with a substantial reduction in blood pressure after a myocardial infarction need investigation for 
incipient heart failure and may benefit from therapy for failure although they may have no overt symptoms at the 
time. The blood pressure status before the infarction is related to survival. Hypertensive patients had almost 
three times the mortality of normotensive patients. Subjects who had hypertension after angina became clinical- 
ly manifest had four times the mortality of those who were entirely normotensive. 


REPORTS ON THERAPY 


331. Comparative Hemodynamic Effects of Converting Enzyme Inhibitor and Sodium Nitroprusside in 
Severe Heart Failure 


THOMAS R. VROBEL and JAY N. COHN 


The acute hemodynamic. response to the infusion of a nonspecific vasodilator, scdiurn nitroprusside, was similar 
to that of the converting enzyme inhibitor teprotide in nine patients with severe congestive heart failure. Both 
agents increased the cardiac index, reduced mean arteriai pressure and pulmonary wedge pressure and pro- 
duced no significant change in heart rate. The converting enzyme inhibitor, unlike nitroprusside, produced ro 
significant change in arterial partial pressure of oxygen. This study shows that converting enzyme inhibitors pro- 
duce an effect comparable with that of sodium nitroprusside but with less detrimental acute effect on pulmonary 
Oxygen transport. Long-term oral therapy with converting enzyme inhibitors merits evaluation in patients with 
congestive heart failure. 


-337 Long-Term Therapy of Heart Failure With Prazosin: A Randomized Double Blind Trial 
a WILSON 5. COLUCCI, JOSHUA WYNNE, B. LEONARD HOLMAN and EUGENE BRAUNVYALD 


Using a randomized, double blind protocol to evaluate the clinical effectiveness of 2 months of continuous pra- 
zosin therapy in 22 patients with severe congestive heart failure, these investigators found that the patients 
treated with prazosin, unlike the placebo-treated control patients, showed significant improvement in functional 
class, treadmil! exercise duration, echocardiographic ajection fraction, stroke excursion, mean velocity of cir- 
cumferential fiber shortening and ejection fraction measurad with radionuclide ventriculography. Prazosin-treat- 
ed patients had an increase in plasma renin activity and required an increase in diuretic dose. In patients with 
congestive heart failure prazosin appears to affect the sympathetic nervous system and the renin-angiotensin 
system, which influence the peripheral vascular bed direct'y and indirectly. After 2 months there was clinical evi- 
dence of attenuation of the initial response to prazosin, but the effect was only partial and did not preclude a sus- 
tained, clinically useful effect. 
Continued on page A36 
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Pharmacokinetics 

Ativan (lorazepam) is eliminated more rapidly 
than other benzodiazepines; generates no 
Clinically active metabolites. The half-life of 
free lorazepam is about 12 hours; steady-state 
blood levels are attained in 2-3 days. 
(Comparable data for diazepam: 20-50 hours 
and at least 7-10 days.) Ativan shows no 
evidence of accumulation, even when given in 
high doses for as long as 6 months. 

(The pharmacokinetic profile of a drug can 
define such characteristics as absorption, 
distribution, metabolism and elimination but 
cannot, at present, be directly related to its 
therapeutic effectiveness.) 





Anxiety neuroses 

In many nationwide studies involving 
thousands of patients with anxiety neuroses, 
Ativen (lorazepam) consistently provided 
significant relief of anxiety, tension, agitation 
and irritability as measured by standard 
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They’re all about the same, aren’t they? Until recently, that seemed to sum up 

the prevalent attitude about the benzodiazepines. After all, they all work similarly 
and all are effective anxiolytics. With seven of these compounds now available, 
however, differences have begun to emerge. Foremost among them: 

different metabolic pathways, which distinguish the relatively short-acting Ativan 
(lorazepam) from long-acting diazepam, clorazepate and chlordiazepoxide. 

At the same time, your choice can be made with confidence in the clinical record 
of Ativan, which confirms its value in anxiety neuroses and in significant anxiety 
associated with functional or organic disorders, as well as in older patients. 
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cardiovascular disorders gastrointestinal disorders the aging patient 
Ativan (lorazepam) has been specifically So far, nine common protocol, double-blind Because its simple metabolism is not readily 
evaluated and found effective in seven studies of Ativan have focused on anxious impaired with advancing age, and 
common protocol, double-blind studies patients with functional or organic accumulation is not likely to present a 
involving 423 patients (211 on Ativan) gastrointestinal complaints (457 patients, problem, Ativan is a good choice for older 
whose anxiety was related to organic 234 on Ativan). Ativan was Clearly effective patients. Those who have trouble swallowing 
and functional cardiovascular disorders. in reducing the anxiety of these patients. solid medication appreciate the small Ativan 
The cardiovascular component The gastrointestinal component has not, tablet, which is tasteless and disintegrates 
has not, of course, been shown to be of course, been shown to be significantly within seconds in water or fruit juice. 
significantly benefited by such therapy. benefited by such therapy. 
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Brief Summary of Prescribing Information 


Indications and Usage: Symptomatic relief of anxiety, tension, agitation. irritability and 
insomnia associated with anxiety neuroses and transient situational disturbances; anxiety 
associated with depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
toms are a significant feature of functional or organic disorders, particularly gastrointestinal or 
cardiovascular 

Effectiveness in long-term use, i.e., more than 4 months, has not been assessed by system- 
atic clinical studies. Reassess periodically usefulness of the drug for the individual patient. 
Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 
Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminished tolerance for alcohol and other CNS depressants. 

Physical and Psychological Dependence Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including conwulsions, tremor, abdominal end muscle cramps, vomiting and sweating). Addic- 
tion-prone individuals, e.g. drug addicts and alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence. 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 


Precautions: In depression accompanying anxiety, consider possibility for suicide 

For elderly or debilitated patients. initial daily dosage should not exceed 2mg to avoid over- 
sedation 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated: anxiety, agitation, irritability, tension, insomnia and occa- 
sional convulsions 

Observe usual precautions with impaired renal or hepatic function 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
6mg kg. day. No effect dose was 1 25mg/kg/day (approximately 6 times the maximum human 
therapeutic dose of 10mg /day). Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Clinical significance is unknown; but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G |. disease 

Safety and effectiveness in children under 12 years have not been established 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
elevations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term therapy. 

CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol 


CARCINOGENESIS AND MUTAGENESIS No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 
PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits. 
Occasional anomalies (reduction of tarsais, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformed skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence of fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of sregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency. use of lorazepam during this period 
should almost always be avoided. Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug. 

In humans, blood levels from umbilical cord blood indicate placental transfer of lorazepam 
and its glucuronide. 
NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 
many drugs are excreted in milk 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. In a sample of about 3,500 anxious 
patients, most frequent adverse reaction is sedation (15.9%), followed by dizziness (6.9%), 
weakness (4.2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
sea. change in appetite, headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance, various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 


Overdosage: In management of overdosage with any drug, bear in mind that multiple agents 
may have been taken. Manifestations of overdosage include somnolence, confusion and coma 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing of vital signs and close observation. Hypotension, though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U.S P Usefulness of dialysis has not been determined 
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INDICATIONS 

Nitrostat is indicated for the prophylaxis, treat- 
ment and management of patients with an- 
gina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contraindi- 
cated in patients with early myocardial infarc- 
tion, severe anemia, increased intracranial 
pressure, and those with a known hypersensi- 
tivity to nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effective 
relief of the acute anginal attack should be 

used. Excessive use may lead to the develop- 
ment of tolerance. Nitrostat tablets are in- 
tended for sublingual or buccal administration 
and should net be swallowed. The drug 

should be discontinued if blurring of vision or 
drying of the mouth occurs. Excessive dosage 

of nitroglycerin may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immediately 
after use. Vertigo, weakness, palpitation, and 
other manifestations of postural hypotension 
may develop occasionally, particularly in 
erect, immobile patients. Syncope due to ni- 
trate vasodilation has been reported. Alcohol 
may accentuate the cerebral ischemia 
symptoms. 


METHOD OF ADMINISTRATION 

One tablet should be dissolved under the 
tongue or in the buccal pouch at the first sign of 
an acute anginal attack. The dose may be re- 
peated approximately every five minutes until 
relief is obtained. Nitrostat may be used pro- 
phylactically five to ten minutes prior to engag- 
ing in activities which might precipitate an 
acute attack. 


HOW SUPPLIED 

Nitrostat is supplied in four strengths in bottles 
containing 100 tablets each, with color-coded 
labels, and in color-coded Patient Conven- 
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345 Early Repair of Ventricular Septal Rupture After Infarction 


ALVARO MONTOYA, LOUIS McKEEVER, PATRICK SCANLON, HENRY J. SULLIVAN, 
ROLF M. GUNNAR and ROQUE PIFARRE 


in this series of 27 consecutive patients, aged 40 to 78 years with ventricular rupture during acute myocardial 
infarction, the time from myocardial infarction to rupture was less than 24 hours in 9 patients, 24 to 48 hours in 
6 patients, 2 to 7 days in 11 patients and 14 days in 1 patient. Myocardial infarction was posteroinferior in 16 pæ 
tients and anterior in 11. In this group early operation in ventricular septal rupture-had a relatively low mortality: 
invasive study and surgery were delayed at the expense of unacceptable and unpredictable mortality; and ven- 
tricular septal rupture occurred in eight patients with single vessel disease. All seven patients who were not op- 
erated on died. Patients with anterior infarction had a better prognosis than those with inferior infarction; 73 per- 
cent of the former survived the operation, compared with only 33 percent of the latter. When technically possi- 
ble, aortocoronary bypass to all significantly obstructed vessels should be performed. 


COOPERATIVE STUDIES 


349 Clinical Assessment of External Pressure Circulatory Assistance in Acute Myocardial Infarction: 


Report of a Cooperative Clinical Trial 


EZRA A. AMSTERDAM. JOHN BANAS, J. MICHAEL CRILEY, HENRY S. LOEB, HILTRUD MUELLER, 
JAMES T. WILLERSON and DEAN T. MASON 


Application of external pressure circulatory assistance during the first-24 hours after the onset of symptoms of 
myocardial infarction was associated with a significant reduction in-hospital mortality and morbidity in 142 pa- 
tients with mild left ventricular failure as compared with findings in a matched control group of 116 patients stud- 
ied in 26 hospitals. The clinical benefits of external pressure circulatory assistance were closely related to the 
duration of this therapy (4 or more hours) administered in the 24 hours after the Clinical onset of acute myocar- 
dial infarction. Complications were limited to discomfort of the legs, which occasionally may preclude this thera- 
py, but there was no evidence of local trauma. Further assessment of the-effects of the treatment on myocardial 
ischemia and infarct size is warranted. 


REVIEWS 


- 357 Fungal Infections of the Heart: Analysis of 51 Autopsy Cases 


THOMAS J. WALSH, GROVER M. HUTCHINS, BERNADINE H. BULKLEY and GEOFFREY MENDELSOHN 


Cardiac fungal infections at autopsy were found in 51 patients at the Johns Hopkins Hospital between the years 
1954-1977. In only one. case was this condition diagnosed during life. The infecting organisms included Candida 
(34), Aspergillus (13), Cryptococcus (3) and combined Candida and Aspergillus (1). Predisposing conditions were 
abdominal surgery (20), thoracic surgery (7) and treatment with corticosteroids and antineoplastic or antibiotic 
drugs (43), alone or in combination. Therapeutic results of cardiac fungal infection remain dismal. Early diagno- 
sis is difficult but crucial to successful treatment. Synergism between amphotericin B and 5-fluorocytosine 
makes this combination worthwhile to use in patients with serious candidal infections. 


HISTORICAL MILESTONES 


367 Jahn Hunter, Angina Pectoris and Medical Education 


PAUL KLIGFIELD 


This Milestone credits Edward Jenner, best known as the discoverer of vaccination, as the originator of the coro- 
nary arterial theory of angina pectoris. In 1785 Jenner described coronary artery disease as the cause of angina 
pectoris. but refrained from publishing this observation out of deference to John Hunter, his former teacher who 
suffered from effort-related and anxiety-induced angina. Jenner feared "it would deprive. him (Hunter) of the 
hopes of a recovery.’’ When John Hunter died, after an emotional conflict partly arising from academic teaching 
problems, his “coronary arteries of the heart were considerably ossified.” The cornplaints of the 18th century 
pupils that partially precipitated this conflict serve as a reminder of the necessary supervision and attention re- 
quired by students, even taday. 


DIAGNOSTIC SHELF 


370 Two Dimensional Echocardiographic Visualization of Ventricular Septal Rupture After Acute Anterior 


age 


Myocardial infarction 


JEAN C. FARCOT, LOUIS BOISANTE, MICHEL RIGAUD, JEAN BARDET and JEAN P. BOURDARIAS 


This paper reports that two dimensional echocardiographic findings in three consecutive cases of ventricular 
septal defect after acute myocardial infarction permitted the defect to be localized and its size estimated. The 
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Burdick introduces the 
38-second electrocardiogram. 


In fact. only 37.4 seconds to record the complete 12-lead electro- 
cardiogram. It's the new EK-8, Burdick’s first fully automatic single-channel 
electrocardiograph. 

Combined with its new and unique mounting system, the EK-8 assures 
higher ECG productivity, substantial savings of time for operator and staff, 
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leads for additional data, the complete ECG is recorded in 47.1 seconds. 
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` patient needs round-the-clock, 
year-after-year protection 


(quinidine gluconate) ° 


CONTRAINDICATIONS: 

Aberrant impuises and abnormal 
rhythms due to escape mechanisms 
sheuld not be feai with quinidine. 

Partial A-V or complete heart block. or 
intraventricular conduction defects. 
especially those exhibiting a marked 
grade of QRS widening. 

Renal disease resulting in significant 
azotemia, or those developing cardio- 
toxic effects such as conduction defects, 
ventricular premature beats, ventricular 
tachycardia or flutter while on the drug. 

Marked cardiac enlargement, particu- 
tarly with congestive failure. poor renal 
fanction, and especially renal tubular 
acidosis. 

Idiosyncrasy or hypersensitivity to 
quinadine. 

WARNINGS: 

in the treatment of atrial flutter, rever- 
sion to sinus rhythm may be preceded 
by a progressive reduction in the degree 
af A-V block to a d:l ratio resulting in an 
extremely rapid ventricular rate. 
PRECAUTIONS: 

The precautions to be observed include 
all those applicable to quinidine. A pre- 
limmary test dose of a single tablet of 
quiridine sulfate should be adminis- 
tered to determine if the patient has an 
idiesyncrasy to quinidine. Hypersensi- 
tivity to quinidine. although rare, 
should constantly be considered. espe- 
cially during the first weeks of therapy. 

Quinidine in large doses may reduce the 
contractile force of the heart. therefore, 
extreme caution should be exercised in 
using the drug in patients with severe 
heart disease. hypotension or digitalis 
intoxication. The potential disadvan- 
tages and benefits must be weighed. 

It should be administered cautiously. 
if ai all. to senile patients. 
Hospitalization for close clinical observa- 
tion. electrocardiographic monitoring, and 
pessibly plasma quinidine levels is indi- 

cated when large doses are used or with 
patients who present an increased risk. 
ABVERSE REACTIONS: 

Symptoms of cinchonism, ringing in 
ears, headache. nausea, disturbe 

vision may appear in sensitive patients 
after a single dose of the drug. 
Cardiovascular: Widening of QRS com- 
plex, cardiac asystole, ventricular 
eciopic beats, idioventricular rhythms 
including ventricular tachycardia and 
fibrillation. paradoxical tachycardia, 
arterial embolism, hypotension. 
Gastrointestinal Nausea, vomiting, 
abdominal! pain, diarrhea. 
Hematologie: Acute hemolytic anemia, 
typoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. 
Central Nervous System: Headache, 
fever, vertigo, apprehension, excitement. 
confusion, delirium and syncope, dis- 
turbed hearing (tinnitus, decreased 
auditory acuity} disturbed vision 
fnydriasis, blurred vision, disturbed 
eolor perception, reduced vision fields, 
photephobia, diplopia, night blindness, 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing with 
intense pruritus. 
Typersensiioity Reactions: Angio- 

ema, acute asthmatic episode, vascu- 

far collapse. respiratory arrest. 

See package insert for full information. 
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septal rupture was subsequently confirmed at operation in two patients and on postmortem examination in the 
third patient. Postoperative echocardiographic studies afforded demonstration of the patch closing the defect. 
Negative contrast echoventriculography identified a left to right shunt at the ventricular level. These cases dem- 
onstrate the value of this simple noninvasive method for diagnosing promptly septal perforation and permitting 
surgical repair before severe deterioration of the patient’s condition. 


378 Early Diastolic Sound of Constrictive Pericarditis 


W. JAY NICHOLSON, B. WOODFIN COBBS, Jr., ROBERT H. FRANCH and |. SYLVIA CRAWLEY 


An early diastolic sound or “pericardial knock” occurring 0.09 to 0.16 second after the second heart sound is 
present in 30 to 70 percent of cases of constrictive pericarditis. In these two patients with calcific constrictive 
pericarditis such an absent or faint early diastolic sound became prominent both with squatting, which increases 
peripheral resistance and venous return, and with phenylephrine infusion or injection of contrast medium; it was 
obliterated by nitroglycerin. Maneuvers that elicited the early diastolic sound were constantly accompanied by 
a deepening of the diastolic dip, but the amount of change often seemed modest in proportion to the intensifica- 
tion of sound, suggesting that its production is a threshold event. 


CASE REPORTS 


383 Mitral Valve Prolapse: Jet Stream Causing Mural Endocarditis 


MORRIS RINGER, DENNIS J. FEEN and MARK S. DRAPKIN 


This interesting case illustrates how endocarditis may be the initial presentation of mitral valve prolapse and may 
end fatally as it did in this 53 year old man. At autopsy the only endocarditic lesion was on the left atrial mural en- 
docardium, against which the regurgitant jet stream was directed as a result of spontaneous rupture of the anteri- 
or mitral valve chordae tendineae. This lesion became infected with streptococcus mutans consequent to tran- 
sient bacteremia, probably from a dental source. Subsequent septic cerebral embolization caused death. 


386 Clotted Hemopericardium With the Hemodynamic Characteristics of Constrictive Pericarditis 
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WILLIAM C. LITTLE, R. KIRBY PRIMM, ROBERT B. KARP and WILLIAM P. HOOD, Jr. 


This case illustrates that clotted hemopericardium need not produce the classic hemodynamic and clinical fea- 
tures of cardiac tamponade but may mimic constrictive pericarditis. Four weeks after three vessel coronary ar- 
terial bypass surgery this 65 year old man had a syncopal episode. Cardiac catheterization demonstrated the typ- 
ical hemodynamic findings of constrictive pericarditis which completely resolved after 500 ml of clotted blood 
was removed and the pericardium was left in place. When clotted hemopericardium is a possibility, the lack of 
marked pulsus paradoxus and the presentation of a right atrial Y descent may not rule out hemopericardium as 
a cause of hemodynamic impairment. 
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Introducing the Datascope 
Hospital System. 
The most advanced defibrillator 
system ever put on a crash cart. 
Or ever taken off one. 
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Defibrillators for the 
pital have always been a 
npromise. 

Those designed for a crash 
t are difficult to use away from 

crash cart because they ’re so 
ivy and unwieldy. 

And the portables, while 
ering more portability, don’t 
ve the capability of their 
ivier counterparts. 

You’ve had to choose 
ween performance and porta- 
ity. Until now, you couldn’t 
ve both. 





We're pleased to offer you 
: first defibrillator system 

it doesn’t force you to com- 
ymise: the Datascope Hospital 
stem. 

The Datascope Hospital 
stem is the M/D3 defibrillator/ 
mitor/recorder and the support 
dule in which it nests. 

Since you may need a 
fibrillator on a cart, or a 
ttable to reach and transport a 
tient, we designed the M/D3 
like other defibrillators. 

, The Datascope Hospital 
stem separates in a manner that 
ikes sense. The defibrillator, 
ynitor and recorder all remain 
act as a compact unit. So you 
vays have everything you need 
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with you where you need it, when 
you need it. The support module 
separates and remains on the 
crash cart, leaving unnecessary 
weight behind. 

On or off a crash cart, it 
has features found in no other 
system. 

The scope on the Hospital 
System is 5” in diameter. 

The same size as scopes on 
defibrillators weighing 35 to 40 
pounds. 

The monitor offers 2 large 
digital displays. One for heart 








rate and one for delivered energy. 
(To our mind, lights are simply 
not an adequate indication of such 
critical parameters.) 

The support module for the 
Datascope Hospital System has a 
built-in delivered energy tester. 
Here again, instead of a light 





that merely indicates, there ’s 

a meter that accurately measures 
the delivered energy through- 
out the entire range of the 
defibrillator. 

There’s a document switch 
on the defibrillator paddles to 
trigger the strip chart recorder. 
And the paddles rapidly 
disconnect for easy changes or 
replacement. 

Perhaps the most important 
innovation of all, ours is the first 
defibrillator system to end the 
fear of battery failure. 

The M/D3 
incorporates three 
totally independent 
power systems: complete 
ac line operation, 
nickel-cadmium batteries 
that recharge in less than 
five hours, and the world 
first Lithium Emergency 
Power Pack. This 
revolutionary power 
pack remains fully- 
charged in the unit for 
up to 5 years. In the 
event that all other power 
sources fail, you merely 
activate the Emergency 
Pack to instantly power 
the monitor and defibrillator. 

For all of its features, the 
M/D3 weighs less than 28 
pounds and is extremely easy 
to operate. 

We urge you to see a 
demonstration of the new 
Datascope Hospital System. 
There has never been any 
defibrillator in a hospital like it. 
On or off a crash cart. 

To arrange for a demonstra- 
tion call us at 201-265-8800. 
Datascope Corp., Box 5-AA, 
Paramus, NJ 07652. In Europe: 
Datascope B.V., Post Box 26, 
3870 CA, Hoevelaken, Holland. 


The Datascope M/D3 
Hospital System 


See us at Booth Nos. 433, 435 & 437 
at the ACC, March 10-13 in Houston. 


the preferential effect 


Artist's interpretation of 
cell membranes showing 
beta, - and beta, -receptor 
sites with beta, sites being 
selectively blocked. 


Beta,-receptor site, blocked. 





Lopressor 


metoprolol tartrate 


works where it should— 
not where it shouldnt 
inhypertension 


The beta blocker with a significant preference 
for beta, receptors in the heart* 


Lopressor represents a major step forward in 
more specific beta blockade. 


Unlike the nonselective beta blocker, propran- 
olol, which indiscriminately blocks both beta, 
and beta, adrenoreceptors, Lopressor is rela- 
tively selective, that is, it exerts a preferential 
effect on beta, receptors in the heart—those 
involved in lowering blood pressure. Lopressor, 
at usual therapeutic doses, has a much lower 
affinity for beta, receptors. 





Beta ,-and beta -receptor sites 


a (=B: 


8) a CG —h: 











Beta2-receptor site, Works where it should... not where it shouldn’t. 
occupied by catecholamine. 


*Hansson L, Werko L: Beta-adrenergic blockade in hypertension. Arr 
Heart J 93(3):394-402 (Mar.) 1977 


Please see next page for brief prescribing information 


Geigy 





metoprolol tartrate 


works where it should... 
not where it shouldn't 


Lopressor’ 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Brief Summary of Prescribing Information 


Indications Lopressor is indicated in the manage- 
ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 
Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure (see Warnings). 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor should be administered cau- 
tiously. Both digitalis and metoprolol slow AV 
conduction. 

In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 


should be fully digitalized and/or be given a diuretic, 


and the response observed closely. If cardiac fail- 
ure continues, despite adequate digitalization and 
diuretic, Lopressor therapy should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 
Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lomeeeeee may be used with caution in pa- 
tients bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
Sony” interval. (See Dosage and Administra- 
on.) 
Major : The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures. 
Metoprolol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g.. dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 
Diabetes Mellitus: Beta-adrenergic blockade may 
masx symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor should therefore be used with 
caution in diabetic patients, especially those with 
labile diabetes. 


® Very well tolerated 


è unlike traditional sympathetic inhibitors, there is usually no seda- ° 
tion, sexual dysfunction or postural hypotension with Lopressor 


e most side effects mild and transient 
The most frequently reported adverse reactions (which occurred 


in approximately ten out of 100 patients) are tiredness and dizzi- 


diac failure. 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 


Precautions Impaired Hepatic or Renal Func- . 
tion: The drug shouid be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecholamine-depleting 
drugs (e.g., reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depletor should therefore be closely observed for 
evidence of hypotension and/or marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension. 

Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration. 

Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed. 

Nursing Mothers: It is not known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 
Usage in Children: Safety and effectiveness in 
children have not been established. 

Adverse Reactions Most adverse effects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 
Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities; arterial insufficiency, 
usually of the Raynaud type; palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 


Respiratory: Wheezing (bronchospasm) has been 


reported in less than 1 of 100 patients. See Warnings. 


Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less. 

Allergic: Pruritus has occurred in less than 1 of 100 
patients. 


ness. Depression and diarrhea have occurred in about five out of 
100. Lopressor is contraindicated in sinus bradycardia, heart 
block greater than first degree. cardiogenic shock, and overt car- 





Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 

The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: In addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 


Central Nervous System. Reversible mental de- 
pression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics. 


Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 
Allergic: Erythematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 

Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


je and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added toa 
diuretic. The dosage may be increased at weekly 
(or longer) intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparent after 
ane week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 tc 450 mg per day Dosages above 450 mg per 
Gay have not been studied ile twice-daily dos- 
ing is effective and can maintain a reduction in 
blood pressure throughout the day, some patients, 
especially when lower dosages are used, will expe- 
nence a modest rise in blood pressure toward the 
end cf the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end cf the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 
This drug should be stored at controlled room tem- 
perature and protected from moisture. 
How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
from moisture. 


Dispense in tight, light-resistant container (USP). 
Printed in U.S.A. 667292 (8/79) C79-22 


For complete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information. 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 
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A Selection of Titles on Display...Booths 1456 and 1458 


BEFELER, BENJAMIN, M.D. (ed.) 

Associate Editors: 

Lazzara, Ralph, M.D. 

Scherlag, Benjamin J., PhD. 

Selected Topics in Cardiac Arrythmias 
In Preparation 1980 


COHN, LAWRENCE H., M.D. (ed.) 

The Treatment of Acute Myocardial | 
Ischemia: An Integrated Medical/Surgical 
Approach 

280 pages, 21 tables, 54 illustrations, 1979 $23.00 
‘clearly written with considerable emphasis on 
areas of current interest.” —JAMA 

“superb coverage of myocardial infarction...it 
brims with experimental and clinical information 
and successfully imparts the cooperative attitude 
that should exist between cardiologists and car- 
diovascular surgeons.” —CHEST 


ELIOT, ROBERT S., M.D. 

Stress and the Major Cardiovascular 
Disorders 

192 pages, 18 illustrations, 1979 $14.95 


FLETCHER, GERALD F., M.D. 

Dynamic Electrocardiographic Recording 
for the Clinical Cardiologist 

176 pages, 20 tables, 75 illustrations, 1979 $19.50 
“This is a useful reference book and should be 
available in medical libraries. It would serve as a 
brief review for the clinician wishing to know more 
about the utility and limitations of this monitoring 
technique." —Practical Cardiology 


GOULD, LAWRENCE, M.D. 

REDDY, C.V.R., M.D. (eds.) 

Vasodilator Therapy for Cardiac Disorders 
360 pages, 52 illustrations, 1979 $29.50 


HAMBY, ROBERT I., M.D. 
Clinical-Anatomical Correlates in 
Coronary Artery Disease 

448 pages, 35 tables, 169 illustrations, 1979 $45.00 


KONES, RICHARD J., M.D. (ed.) 
New Horizons in Cardiology 
VOLUME I 

Basic Science and Diagnosis 
1980 


LITTLE, ROBERT C., M.D. (ed.) 

Physiology of Atrial Pacemakers and 
Conductive Tissues 

In Preparation 1980 $37.50 


RACKLEY, CHARLES E., M.D. 

RUSSELL, RICHARD O., Jr., M.D. (eds.) 
Coronary Artery Disease: 

Recognition and Management 

448 pages, 18 tables, 176 illustrations, 1979 $33.00 


“An efficiently organized, complete discussion of 
almost every aspect of coronary artery disease... 
enthusiastically recommended." —JAMA 


SOIN, JAGMEET S., M.D. 

BROOKS, HAROLD L., M.D. (eds.) 
Nuclear Cardiology for Clinicians 
320 pages, 123 illustrations, 1980 $34.50 


SCOTT, RALPH C., M.D. (ed.) 
Clinical Cardiology and Diabetes 


(Three Volumes in Five Parts) 


VOLUME II 
Clinical Pharmacology and use of 
Selected Cardiac Drugs 


512 pages, 5 tables, 22 illustrations, 1980 $39.50 


VAN PRAAGH, RICHARD, M.D. 
TAKAO, ATSUYOSHI, M.D. (eds.) 


Etiolggy and Morphogenesis of Congenital 
Heart Disease 


550 pages, 254 illustrations, 1980 $47.50 


WALDO, ALBERT, M.D. 
MacLEAN, WILLIAM, M.D. (eds.) 


Arrythmias Following Open Heart Surgery 


In Preparation 1980 


PACE. Pacing and Clinical Electrophysiology 
edited by Seymour Furman, M.D. 

A Bi-Monthly Journal 

Subscription rate, 1980: $45.00 


Modern Technics in Surgery (MTIS) 

A Multi-Volume Surgical Encyclopedia 

Ten Subject Volumes—Published in Periodic Installments 
Cardiac/Thoracic Surgery Volume 
LAWRENCE H. COHN, M.D. (ed.) 


All prices valid only in the United States of America and Canada. 


295 MAIN STREET, P.O. BOX 330., MOUNT KISCO. NEW YORK 10549 





A47 


WHEN YOU SUSPECT OR DETEC 


VENOUS THROMBOSIS... 





Thromboembolism: The oral anticoagulant 
er: kL pal of choice: ee 
patients with one ry ame" 
or — of these COUMADIN 
actors... 






crystalline warfarin sodium 
singled out by more 


¿Advanced age 
< Fractures of lower limb than 20 years 

Hip surgery a 8 

-Pelvic or abdominal surgery with of exper ience 

extensive dissection ; 

Previous venous thromboembolism Effective prophylaxis and treatment of venous 
Congestive cardiac failure thrombosis l 
Cancer surgery Effective prophylaxis and treatment of 
Obesity pulmonary embolism 
Varicose vein surgery Effective treatment of atrial fibrillation with 


embolization 
Effective adjunctive treatment of coronary 
occlusion 
















incidence of venous thrombosis or 
abnormal scans as shown by '2°|-fibrinogen 
screening in selected high-risk medical- 

surgical patients 





Initiation of therapy 
induction — 40 to 60 mg for average adult or 20 to 
30 mg for eiderly and/or debilitated patients for one 
dose only administered orally. intravenously or intra- 
muscularly. 


Alternatively, the large priming dose may be decreased 








Category Incidence 


Elective surgery ° 


Major abdominal for all patients to minimize the poani of excessive 
; oe REO 12 increases in prothrombin time. Induction may be initi- 
thoracic/gynecologic 11-65% ated with 10 to 15 mq daily and thereafter (usually 
Retropubic 2 or 3 days) adjusted according to prothrombin time 
Paes response 
prostatectomy 28-50% © dosage must be individualized according to 
Transurethral patient's prothrombin time 


© frequent laboratory monitoring is recommended 
a determine prothrombin time daily until results fall 
within the therapeutic range -1.5 to 2.5 times normal 
n afterwards, prothrombin time must be determined 

periodically to monitor the patient s course 
pe 


prostatectomy 4% 12 













Emergency surgery 


. Hip fracture 48-74%"? 

















~ aa Maintenance of anticoagulation | 
£ ii is 
Medica! =} 2-10 mg. for most patients (scored tablets allow 
Myocardial flexibility and accurate titration) 
anfaretion 23-38% 12 © dose and interval should be adjusted according to 
iniarctio -904 | the individual patient's prothrombin time response 
Stroke 60%! 
























































ORAL ANTICOAGULATION: Duration of anticoagulation 
Often indicated to lower the risk = = 
of thromboembolic complications. © should be individualized for each patient 
2 in general, should be continued until danger of 
References: 1. + allus AS Lia : n thrombosis and embolism has passed 
se in the diagr f venous thrombosis. JAMA 23. 973 Le 
igre 2. Kakkar he diagnosis ol iG ingine ; i a 
an le myocardial infarct n43 903 10 Recommendations of prominent clinicians 
@ ae ie ee a oe | on duration of therapy 
: Antic 1 Prophylactic and thera- “4 





hocagul 
peutic use. Poet -217, Jan 1974 R ae z r 
in myocardial infarction®** 1-3 years* (reevaluate 
at least every 6 months} 
in pulmonary embolism 6 weeks-6 months 


in deep vein thrombosis +5 6 weeks-6 months 


Endo ——— J 


oe Lonwrotones 


IBHOn, Cong e heart lature, past history of ve: rO 
ambolsm or complications requiring a prolonged period in ber 











COUMADIN is an Endo reastered US. trademark Before prescribing. please see full product information on next page 


® 
Tablets 


CoA 


crystalline warfarin sodium, U.S.P.* 


DESCRIPTION COUMADIN (crystalline warfarin sodium). a prottrombinopenic anticoagulant. is 
chemically crystaltine sodium warfarin isopropanol clathrate. The crystallization of warfarin so- 
dium virtually eliminates trace impurities present in amorphous warfarin sodium. thus achieving a 
crystaline product of the highest purity Warfarin" is the coined generic name for 34a-Acetonyl- 
benzyl)-4-hycroxycoumarnin. On a dose-for-dose basis, COUMADIN (crystalline wartann 

sodium) is inerapeulically equivalent to amorpkous warfarin sodium 

ACTIONS COUMADIN and other coumarin armcoagulants act by depressing synthesis in the 
liver of Several factors which are known to be ve in the coagulation mechanisms in a variety ct 
diseases charactenzed by thromboembolic phenomena. The resultant in vivo effect is a sequen- 
tial depression of Factors Vil, IX. X and fl. The cegrze of depression is dependent upon the des- 
age acministered. Anticoagulants have no direct effect on an established thrombus. nor do they 
reverse ischemic tissue damage. However, once a thrombosis has occurred, anticoaguiant teat- 
ment aims to preveni further extension of the formed ciot and prevents secondary thromboembo- 
lic Complications which may result in serious and possible fatal sequelae 

After oral administration, absorption is essentially complete. and maximal plasma concentrations 
ate reached in 1 to 9 hours. Approximately 97% is bound to albumin within the plasma 
COUMADIN usually induces hypoprothrombinemia in 36 to 72 hours. and its duration of action 
may persist for 4 to 5 days. thus producing a smooth, tong lasting response curve Little is known 
of the metabolic pathways involved in the otransformation of oral anticoagulants in man. How- 
ever their metabolites appear to be elminated principally in the urine 


















INDICATIONS Based on a review of this drug by the National Academy of Scrences— 
National Research Council and/or other information FDA has classified the indications 
as follows 

Effective COUMADIN is indicated for the oraphyiaxis and treatment of venous thrombo- 
sis and ifs extension, the treatment of atrial fibrillation with embolization, the prophylaxis 
and treatment of pulmonary embolism. and as an adjunct in the treatment of coronary 
occlusion 

“Possibly” effective: as an adjunct in the 
Final classi#ication of the less-than-effec 


gatment of transient cerebral ischemic attacks. 
e indication requires further investigation 











CONTRAINDICATIONS Anticoagulation is contramdicated in any localized or general physeal 
condition of personal circumstance in which the hazard of hemorrhage might be greater thar its 
potential ciracal benelits. such as 
Pregnancy COUMADIN is contraindicated n pregnancy because the drug passes through the 
placental barrier argi may cause fatal hemorrhage to the fetus ir utero. Furthermore there have 
been reports of birth malformations in chidren born to mothers who have been treated with war 
tarin dunng pregnancy Women of childbearing potential who are candidates for anticoagulant 
therapy shouid be carefully evaluated and the indications critically reviewed with the patient. Ifthe 
patien! becomes pregnant while taking this drug. she shouid be apprised of the potential risks to 
the fetus, and the possibilty of termination of tne pregnancy should be discussed in light of those 
TISKS 
Hemorrhagic tendencies or biood dyscrasias. Recent or contemplated surgery of: 
(central nervous system: (2jeye: (3#raumats surgery resulting in large open surfaces Bleed- 
ing tendencies associated with active ulceration or overt bleeding of: (1 }gastrointestinal. 
genlounnary of respiratory tracts. (2)cerebrowasc ular hemorrhage: (3)aneurysms — cerebral, dis- 
acting aorta. (4}pencarditis and pencardiai eHusions, (S)subacute bacterial endocarditis 
reatened abortion, eciampsia and preeclampsia. Inadequate laboratory facilities or unsu- 
parvised senility, alconolsm. psychosis, or lack of patient Cooperation. Spinal puncture and 
other diagr of therapeutic procedures with potential for uncontrollable bleeding. Miscella- 
neous: major regional. lumbar block anesthesia and malignant hypertension 
WARNINGS Wartarn sodium ts a potent drag with a hail-tife of 22 days, therefore its effects may 
become more pronounced as daily maintenarsce doses overlap It cannot be emphasized too 
Strongly that treatment of each patientis a highly individualized matter Dosage should be con- 
trolled by penadic determinations of prothrombin ume or other suitable coagulation tests. Deter- 
minatons of whole blood clotting and bleeding mes are not effective measures for control of 
therapy Hepann prolongs the one-stage prothrombin time. Therefore. to obtain a vaba prothror- 
bin time when hepann and COUMADIN are given together, a period of at least 5 hours should 
@lapse after the last intravenous dose and 24 sours after the last subcutaneous dose of heparin. 
before blood is drawn 
: Caution should be observed when wartann sodium is administered in any Situation or physical 
conddian where added risk of hemorrhage 1s present 
Administration of anticoagulants in the following conditions will be based upon clinical sudgment 
iin which the risks cf anticoagulant therapy are weighed against the sk of thrombosis or emboliza- 
fion ir untreated Cases. The folowing may be associated with these increased risks 
Lactation— coumarins may pass into the mii of mothers and cause a prothrombinopenic state m 
the nursing infant. Severe to moderate hepatic or renal insufficiency. infectious diseases 
or disturbances of intestinal flora sprue, antibiotic therapy Trauma which may result in inter- 
nal bleeding Surgery or trauma resulting ic large exposed raw surfaces. Indwelling cathe- 
ters. Severe to moderate hypertension. Miscellaneous: polycythemia vera, vasculitis. severe 
diabetes, severe allergic and anaphylactic disorders 
Patients with congestive heart failure may ome more sensitive lp COUMADIN. thereby re- 
quiring more frequent laboratory monitonng, and reduced doses of COUMADIN 
Concurrent use of anticoagulants with streptokinase or urokinase is not recommended and may 
be hazardous. (Please note recommendations accompanying these preparations.) 
Abrupt cessation of anticoagulant therapy is not generally recommended: laper dase graduaily 
over three tc four weeks. 
PRECAUTIONS Periodic determination of prothrombin time or other suitable coaguia- 
tion test is essential. 
Numerous factors, alone or in combination, including travel, changes in diet, environ- 
ment, physical state and medication may influence response of the patient to anticoagu- 
lants. It is generally good practice to monitor the patient's response with additional pro- 
thrombin time determinations in the period immediately after discharge from the hospi- 
tal. and whenever other medications are initiated, discontinued or taken haphazardly. 
The following factors are listed‘Tor your reference; however, other factors may also af- 
fect the prothrombin response. 
The following factors, alone or in combination, may be responsible for increased pro- 
thrombin time response: 
ENDOGENOUS FACTORS. Carcinoma. collagen disease: congestive heart failure: diarrhea: 
' elevated temperature, hepatic disorders—-infechous hepatitis. jaundice: poor nutshonal stats, 
vitamin K deficiency -- steatorrhea 
EXOGENOUS FACTORS: Alcohoit. allopurinol, aminosalicylic acid: anabolic sterords. antibiotics: 
Drometains, chloral hydratet. chiorproparmde. chymotrypsin, cimetidine: cinchophen: clofibrate: 
COUMADIN (crystalline warfarin sodium) overdosage. dextran, dextrothyroxine. diazoxide: 
dietary deficiències: diuretics}. disuifiram, drugs affecting blood elements, ethacrynic acid: giu- 
cagon, hepatotoxic drugs. indomethacin: inhalation anesthetics: melenamic acid: methyldopa, 
methylphenidate, metronidazole. monoamine oxidase inhibitors: nalidixic acid; Gxolinic acid. OKy- 
phendutazcne, pheny!bulazone: phenyramicol, prolonged hot weather. prolonged narcotics: 
quinidine. quinine. salicylates: sullinpyrazone: sulfonardes. long acting, thyroid drugs. tolbu- 
tamice. Inciolos sodium. Iimethoprim/sullamethoxazole. unreliable prothrombin time determina- 
Hons 
The following factors, alone or in combination, may be responsibie for decreased pro- 
thrombin time response: 
ENDOGENOUS FACTORS Diabetes mellitus. edema, hereditary resistance to coumarin therapy, 
hypevhperma; hypothyroidism, 
EXOGENOUS FACTORS. Adrenocorncal stexnds: alcoholt. antacids: antihistamines. barbitu- 
fates chloral hydratet, chlordiazepoxide; cholestyrarmmme: COUMADIN underdosage: diet high in 
vitamin K (vegetables, fish. ish œt. crions), diureticst, ethchlarvynol, glutethimide: griseofuhin. 
haloperidol: meprobamate; oral contraceptives: paraidehyde: primidone. rifampin, unreliabie pro- 
thrombin time determinations, vitamin C 
tincreased and decreased prothrombin time responses have been reported. 


*Present as crystaline sodium wartarn isopropanol clathrate 








































for long- and short-term oral anticoagulation... 





A patient may be exposed to a combination of the above factors. some of which may increase and 
some decrease his sensitivity to COUMADIN. Because the net effect on his prothrombir time re- 
Sporse may be unpredictable under Mese circumstances, more ‘requent laboratory marstoning is 
advisable 

Drugs not yet shown to interact or nct o meraci with coumarns are best regarded with SUSPICION 
and when thei administration is starved or siopped. the prothrombin time shouid be determined 
more oftes than usual 

Coumarins also affect the action of other drugs. Hyooglycermc agents (chlorpropamide and 
icibulamide} and anticonvulsants {dphenyinydantoin and phenobarbital) may accumulate in the 
body as a rasul! of interference with exher their metabolism or excretion. 

ADVERSE REACTIONS Potential sde ef'ects of COUMADIN {crystaline warfann satum) 
incide 

1 Mno or major hemorrhage from any issue or organ ~ which is an extension of the physiologic 
aciedy of prothrombinopema The signs aid symptoms wil vary according to the location and de 
gree oF extent of the bleeding. Thereicre the possibility of hemorrhage should be considered in 
evaluating the condition of any an: guiated patient with complaints which de not indicate an 
obwous Gagnasis. Bleeding during anticcagulant therapy does not always corelate with poro 
thrombin achvity (See TREATMENT FOR OVERDOSAGE } 

Bieeding which occurs when the prothrombin time is within the *herapeunc range warrants diag- 
nosie iINVesbgation Since it May unmask a previously unsuspected leson, e q tumornancey, efc 

2 Side effects other than hemorrhage are nirequen and consist of aiopecia, urticaria, cermatitis, 
lever nausea, diarrhea. abdominal cramping, a syndrome called “purp : ersensitivity 
reachons and a reaction consisting of orhagic infarction anc necrosis of the skin. 

3 Prams has been associated with anticoagulant administration, however, a causal relationship 
has not been estabished 

DOSAGE AND LABORATORY CONTROL The am of anticoagulant therapy is t impe: 
coagulation of clotting mechanism to such an extent thal thrombosis willnot oc a 
same tne avoiding such extensive mparment as might produce spontan: 
live therapeutic levels with minimal complications can besi be ecteved in cooperative and well- 
instructed patients. who keep the of informed of thei status between visits. COUMADIN pa- 
hen ads are available to physicians on request 

The admirsstration and dosage of COUMADIN must be individualized for each patient according 
to the particular patient's sensitivily ‘othe drug as indicated by ihe prothrominn tune. The pro- 
thrombin ime reflects the depressional viamin K dependent Factors VU. X and i These factors 
in addition to Factor IX, are affected by coumann anticoagulants, There are several modifications 
of fhe Quek one-stage prothrombin time ard the physician shoud become familar with the spe 
che method used in his laboratory. 

Adminstration of COUMADIN should be gauged according to prothrombin tme determinations 
by a sutable method. The blood prothromtsn time should usualy be determined daily after the 
adrranistr f the initial dose unti prothrombin time resuits stabilize in the therapeute ange 
Intervais between subsequent prothrembir time detertunations should be hasec uponahe 
physician s judgment of he patient's iab lity and respons warfann in order to mamtan the in 
dividual within the therapeutic range. Acceptable intervals for prothrombin time ceterrmnations 
have usually fallen within the range of one to four weeks. Sabstactory levels for maintenance of 
therapeute anticoagulation are 1% tc 2¥2 times the normal prothrombin ume (e.g. 18 1030 sec- 
ongs. wit a control of 12 secandsi 

induction — 40 tc 60 mg tor average adult or 20 to 30 mg lor elderly and/or debilitated patients 
for cne dose ony administered orally intravenously or intramusculary 

Alternatively, the large priming dose may be decreased for ail patients to minimize the possibility 
of excessive increases in prothrombin time. Induction may be mkiated with 10 to 15 mg daily and 
thereatter jusually 2 or 3 days) adjusted according to prothrombin time response. The Basis for 
the no-loading dose regimen is that the depression of Factors i, 1X, and X are no! accelerated by 
the administration of a loading dose 

Maintenance — Most patients are satisiactonly maintained at a cose of 2 to 10 mg daily. Flexibility 
of dosage is provided by breaking scared -ablets n half. The individual dose anc interval should 
be gauged by the patient's prothrombin response 

Duration of therapy — The duration of he-apy in sach patient should be individwalizec. in gen- 
eral anticoagulant nerapy should be continued until the danger of thrombosis and embolism has 
passed 

Treatment during dentistry and surgery — The nanagemen: of patients who undergo dental 
and surgical procedures requires close hason beween attending physicians, surgeor's and den- 
tsts. Interruption of antcoaquiant therapy may precipilate thromboembolism. and conversely. if 
anticoagulants are maintained at fl doses. some patients may hemorrhage excessively If itis 
elected to admunisier anticoagulants prior 1a, during. or immedhately following fal or surgical 
procedures, 1:5 recommended thal the desage of COUMADIN (crystalline wartarin sodium) be 
achusted to maintain the prothrombntime at approximately 1% to 2ye umes t 
operative site should be sulficrently irmied to permit the effective use of local p 
mostasis including absorbable hemostatic agents. sutures, and pressure dressings if 
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essary, 
Under these conditions dental and surgical procedures may be serformed without undue tisk of 
hemorrhage 

COUMADIN with Heparin — Since a deizy intervenes between the admirustration ot the initial 
dese and the therapeutic prolongation of prothrombin time. it tray be advisable in emergency sit- 








uahons to administer sodium heparin initially along wih COUMADIN. The imtiat dose at heparin 
and injectable COUMADIN may be admiristered together in the same syringe. it should be noted 
that heparn may affect the prothrombin ime. and therefore, when patients are receneng beth 
heparin and COUMADIN, the blood sample for prothrombin tere determination: shoud be drawn 
just pror to the next heparin dosage af least § hours alter the last intravenous injection or 24 
hours alte: the last subcutaneous nje 
TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is 
readily controlled by discontinuing COUMADIN (crystalline warfarin sodium). and if necessary. 
the oral of parenteral administration of vitanin K, The appearance cf microscope hematuria, €x- 
cessive menstuai bleeding. meleng petechiae or oozing from ricks made while shaving are 
early manifestations of hypoprothronmbinemia beyond a safe and satistactory level. 
in excessive prothrombinopenia wih mid or ne bleeding, omisson of one or more doses ot 
COUMADIN may suffice, and if necessary. smali doses of vitamin K, orally. 2.5 tc 10 ma. will usu- 
ally correct the problem. 
H manor bleeding persists. or progresses to frank bleeding, vitamin K, in doses of 5 to 25 mg may 
be giver parenterally. (Please note recommendations accompanying vitamin K preparations prior 
touse) 
Fresh whole biood transfusions should be considered in cases of severe bieadir: 9g or prathrorm- 
binopenic states unresponsive to vitamin K, 
Resumption of COUMADIN administation reverses the effect of vitamin K., and a therapeutic ny- 
poprolhrombinemia level can again 5e ob:ained 
SUPPLIED Tablets: COUMADIN tcrystaliine warfarin sodium). For oral use, single scored, im- 
printed numencally with potency as tollows. 2 mg lavender, 2¥2 mg orange. 5 mg peach 7ye mg 
yellow, tO mg white. In bottles of 10C and 1000. Also available in Hospital Unit- Cose bister pack- 
age of 100. 
injection: Available as single injection umts of amorphous warfarin sodium lyophilized for intrave- 
nous OF Niramuscular use in a box of 6 units for use immediately after reconstitution 
50 mg Unit consists of 1 vial. 50 mg. sodium chionde, 10 mg. thimerosal, 0 2 mg. pH 1s adjusted 
with sodium hydroxide, accomparsed by a 2 mi ampul Sterne Water for nection: 
Sterle Water for Injection contains ne antimicrotnal or ofher substance. and it is cot susable forin- 
travasCular injection without! first having been made approximately isotomc by te adc@tionof a 
surtabie salute. Use only for reconstiution of the lyophilized product 
Licensed by Wisconsin Alumni Research Foundation U S. Pa! No. 3.077.481 (Rewsue No. 25.866) 
COUMADIN is an Endo Registered U S. Tademark. 6037-14 
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Garden City, New York 11530 
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—LANOXIN® 


{DIGOXIN} 
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INDICATIONS: 
1. Congestive heart failure: Congestive heart faure, all degrees. is the primary indication. The 
increased Cardiac output due to digoxin results n diuresis and general amelioration of the disturbances 
oe of right (venous congestion, edema) and left (dyspnea. orthopnea, cardiac asthma} 
gart failure 

Cigoxin, generally. is most effective in “lew output” failure and less effective in “high output” 
(bronchopulmonary insufficiency, infection. hyperthyroidism) heart failure. 

Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected 


2. Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
weakness ate relieved and any concomitant congestive failure ameliorated. Digoxin shouid be 
Continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


3. Atrial flutter: Digoxin siows the heart and regular sinus rhythm may appear. Frequently the 
flutter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
coo May be followed by restoration of sinus rhythm. especially if the flutter was of the paroxysmal 

-c ype. it is preferable, however. to continue digoxin if failure ensues or if atrial flutter is a frequent 
occurrence. 
4. Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
fo esser measures. Depending on the urgency. a more rapid acting parenteral preparation may 
be preferable to initiate digitalization, although if heart tailure has ensued or paroxysms recur 
frequently. digoxin should be maintained by oval administration 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 
5. Gardiogenic shack: The drug is often employed. especially when the condition is accompanied 
by pulmanary edema. Digoxin seems to affect adversely shock due to septicemia trom gram- 
negative bacteria. 
CONTRAINDICATIONS: The presence of texic effects {see ADVERSE REACTIONS section} in- 
duced by any digitalis preparation is a contraindication to ail of the glycosides. 

Allergy, though rare, does occur it may not extend to all preparations. and another may be 
tied 

Ventricular tibrillatien. 
WARNINGS: 





Digitalis alone of with other drugs has been promoted for use in the treatment of obesity. 
This use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 
cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in tae 
treatment of obesity is dangerous 





Many of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
intoxication. If the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
temporarily withheid if permitted by the clinical situation. 

Tha patient with congestive heart failure may complain ot nausea and vomiting. These symptoms 
may also be indicafiens of digoxin intoxication. A clinical determination of the cause of these 
sympoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and immature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individuaiized and cautiously approached than in more mature 
infants, impaired renal function must also be carefully taken inte consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively low total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 


oy continued 293 soon. as possible. 


Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 

Uniess cardiac failure is severe, it is doubtfy! whether digoxin should be employed. 
~ Patients with rheumatic carditis, especiatly when severe, are unusually Sensitive to digoxin and 

prone to disturbances of thythm. if heart failure develops, digitalization may de initiated with 
relatively tow doses, then # can be cautiously increased until a beneficial effect is obtained, a 
therapeutic trial does not result in improvement, the drug should be considered ineffective and be 
discontinued, 

Note: Digitalis glycosides are an important cause of accidental poisoning in children. 


PRECAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 
te He al treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
arrhythmia. 

Digoxin is nol indicated for the treatment of ventricular tachycardia unless congestive heart 
failure supervenes after a protracted episode not itself due to digoxin 

Potassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
usual dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotrogic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
“cbeine treated with digoxin. 

Potassium wastage may result from diuretic or corticosteroid therapy. hemodialysis, and from 
Suction of gastrointestinal secretions. it may accompany malnutrition, diarrhea, prolonged vomiting. 
ald age, and iong-standing congestive heart failure. In general, rapid changes in serum potassium or 


__ other electrolytes are to be avoided, and intravenous treatment with potassium should be reserved only 


for special circumstances as described below isee TREATMENT OF ARRHYTHMIAS PRODUCED 

BY GVERDOSAGES section), 

<. Patients with acute myocardial infarction, severe pulmonary disease, or far advanced heart 
failure May be more sensitive to digoxin and more prone to disturbances of rhythm. 

ce, Calcium affects cantractility and excitability of the heart in a manner similar to that of digoxin. 
Calcium may produce serious arrhythmias in digitalized patients. 

“Tn Myxedema, the digoxin requirements ate less because excretion rate is decreased and blood 
levels are significantly higher 

in incomplete A-V block, especially in patients subject to Stokes-Adams attacks. advanced or 
complete heart block may develop if digoxin is given Heart failure in these patients can usually 
be.centroiled by other measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond unfavorably to digoxin 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it i doubttel whether digoxin should be employed. 

Renai insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
Patients with renal disease. Note. This applies also to potassium administration should it become 
necessary 

Electrical conversion of arrhythmias may sequire reduction of digoxin dosage. 

Desage must be carefully titrated and differences in the bioavailability of parenteral preparaticns, 
elaus. and tablets should be taken inte account when switching patients from one preparation 
to another 

Etectrocardiographic nonitoring may be necessary to avoid intoxication. 


Premonitory: sigas of toxicity in the rewbom are undue Stowing of the sinus rate. sinoatrial 
arrest, and prolongation of PR interval. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 
Gastrointestinal: Anorexia. nausea, vomiting, diesrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants). Uncontrolled hear: failure may also 
produce such symptoms. 

Centrai nervous system: Visual disturbances (blurred vision, yellow vision), headache. weakness, 


apathy. 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the mos: commen. except 
in infants and young children. Paroxysmal and nenparoxysmal nodal rythms, atrioventricular (inter 
ference} dissociation and paroxysmal atria: tachycardia (PAT with block are also common arrhythmias 
gue te digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a clinical siga of digoxin overdosage 
Atrioventricular block of increasing degree mey proceee to complete heart block. Note The 
electrocardiogsam is fundamental 1 detsrmining the presence and nature of these cardiac toxic 
disturbances. Digoxin may also induce other changes ias cf the ST segment), but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the aduit in a number of respects Cardiac arrhythmias are the more 
reliable and frequent signs of toxicity. 
Vomiting and diarrhea. neurologic and visual disturbances ave rare as initial signs. 
Premature ventricular systoles are rarely seen: nodal and atrial systoies are more frequent. 
Atral arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more Common manitestations of toxicity in childeen. 
Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Cigoxin shouid be discontinued 
until aif signs of toxicity are adclished. Discentinuation may be all that is necessary if toxic 
manifestations are not Severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used Potassium chloride in divided oral coses totaling 4-6 
grams for adults {see PEDIATRIC INFORMATION sectien icr pediatric dosage} may be given 
provided tenal function is adequate 

When correction of the arrhythmia is urgent and the serum potassium levet is low or normal, 
potassium should be administered intravenously in a solutien of 5 percent dextrose in water. A total 
of 40-100 milliequivaients (30 milliequivaients per 500 miliiliters) is given at the rate of 20 
sulliequivalents per hour unless tarited by pain due to loca: irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and te potassium well 
tolerated. 

Continuous electrocardiographie monitoring should be seriormed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly stepped when the desired effact is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to asy tachycardia. 

Other agents that have been agaroved tar the treatment of digoxin intoxication include procainamide, 
iidocaine. and propranolol. 

Pediatric intormation: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium) Potassium preparations may be given orally is divided doses tofaling 1-1 5 mifliequiv- 
alents/kilogram (7 gram K contains 13.4 milieguvalents) Whea correction of the arrhythmia is urgent. 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given. with careful 
electrocardiographic monitoring. as a solution of 20 milliequivalents or fess fer 500 milliliters in 
5 percent dextrose in water. The total dose should geveraliy not exceed 2 milliequivaients of 
potassium kilogram. 

DOSAGE AND ADMINISTRATION: Oral digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the fean bedy mass of the petient with allowances made for excretion 
during the time taken to induce cigitalizetion 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. 

Recommended dosages are ovactical average figures that may require consicerable- modification 
as d:ctated by individual sensitivity or associated conditions. Diminished renal tunction is the most 
important factor requiring modification of recommended or average doses. See WARNINGS and 
PRECAUTIONS sections } 

The average amount of digoxin that patients must aecumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalizatson may be accomolished by any of several approaches that 
vary in dosage and frequency of administration, but reach Me same endpoint in terns of total 
amount accumulated. 

in previously undigitalized patients, a single loading dose of 0.5-0.75 miligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization, 

in previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
See next paragraph) without a icading dose results in development of steady state piateau com- 
centrations in about 7 days in patents with normal renal function. 

The average dally oral maintarance dose is 0125-0. milfigram, usually 0.25 milligram. In the 
eiderly patient, 0.125-0.25 milligram should be considerec the average maintenance dose. 

In patients with renal impairment. digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses ate lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develcp sooner in patients wit renal impairment, and it takes longer 
for taxic signs and symptoms to disappear. Because of the prolonged half-life, a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function 

it cannot be overemphasized that the values given are averages and substantial individual variation 
can De expected. 

Children: Digitalization must be individualized. Generally, premature and immature infants are pat- 
ticularly sensitive, requiring reduced dosage that must be-determined by careful titration. 


Oral Dosage. Beyond the immediate newborn eriod. chddrer require preportienally greater doses 
thar adults on the basis of body weight or surface area. The recommended ora digitalizing dosages 
in children with normal renal funcion are: 

Newborn infants (normal), up tc 1 month. require 40-60 micrograms (meg)/kiiogram. 

infants. 1 month to 2 years. require approximately 60-0 micrograms (megi/kilogram. 

Children, 2 years to 10 years. require 40-60 micrograms (mcg}/kijogram. 

Children, over 10 years of age. require adult dosages ie proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dese administered each day 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age is all infants with paroxysmal atrial tachycardia or in those who show either definite 
or latent failure. 

; Many ae with severe mogerable congenital defects need digoxin throughout childhood and 

often for He. 
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‘Predicting Mortality and Morbidity 


in 102 patients with acute myocardial infarction total ejection fraction was 
measured 1to 4 days after hospital admission with simultaneous mea- 
surement of first third ejection fraction, using first pass radionuclide an- 
giography, in 44. Ejection fraction was reduced (<0.52) in 71 patients 
(70 percent) and first third ejection fraction was depressed (<0.25) in 
all 44 patients with this measurement. Among 98 patients followed up for 
30 days, the admission ejection fraction was normal in 30 (31 percent, 
group A) and reduced in 68 (69 percent, group B). Mortality was similar 
in groups A and B (10 versus 9 percent) at 30 days but at 1 year was 
greater in group B (24 versus 10 percent); between 1 month and 1 year 
there were no further deaths in group A. First third-ejection fraction. was 
<0.17 in all 9 of the 44 patients with this determination who died within 
the 1st year; in 2 of the 9 total ejection fraction was >0.52. Nine of 21 
patients (43 percent) with a first third ejection fraction value of <0.17 and 
0 of 23 with a value of 20.17 died within the tst year (p. <0.005). 
Eighty-seven patients were followed up for 2 to 18 months (mean 11). 
The incidence of angina pectoris was similar in groups A (13 of 27, 48 
percent) and B (27 of 60, 45 percent). Congestive heart failure occurred 
in 30 patients (50 percent) in group B and in only 4 (15 percent) in group 
A. At the end of the follow-up period, 46 of 66 patients (70 percent) in 
group B and 7 of 30 (23 percent) in group A had died or had congestive: 
heart failure (p <0.05). 
Thus, relatively early after admission for acute myocardial infarction 
total ejection fraction can fail to show left ventricular dysfunction in one 
third of patients, whereas the first third ejection fraction appears to be 


highly sensitive for detecting depressed left ventricular function. A total 


ejection fraction of <0.52 predicted a significantly increased combined _ 
morbidity from congestive heart failure and mortality during the ist year 


after infarction, and a first third ejection fraction of <0.17 also predicted 


increased mortality during that period. 


Depression of left ventricular function is an important factor in the. 
prognosis of patients with chronic coronary artery diseasë. t? A depressed _ 
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LEFT VENTRICULAR. EJECTION FRACTION—BATTLER ET AL. 


left ventricular ejection fraction measured with radio- 
nuclide angiography early after acute myocardial in- 
farction®~> or on hospital discharge® is associated with 
increased mortality and morbidity from congestive 
heart failure during the subsequent year. Recently we? ® 
suggested that the first third ejection fraction derived 
from first pass radionuclide angiography is more sen- 
sitive than total ejection fraction for assessing left 
ventricular function in patients with chronic coronary 
heart disease and is as sensitive as the radionuclide 
angiographic stress test for identifying the presence of 
coronary artery disease. Accordingly, in this study we 
assessed further the early and late prognostic value of 
the total ejection fraction measured relatively early after 
admission for acute myocardial infarction and, in se- 
lected patients, compared it with the first third ejection 
fraction obtained with the first pass radionuclide an- 
giographic method. 


Methods 


Patients: One hundred two patients with acute myocardial 
infarction admitted to the Research Unit of the University of 
California, San Diego Medical Center who had first pass ra- 
dionuclide angiography within 4 days of admission constitute 
the study group. In 60 of the 102 patients the first pass ra- 
dionuclide angiographic study was performed within the Ist 
day of admission, in 35 on the 2nd day, in 5 on the 3rd day and 
in 2 on the 4th day after admission. Seventy-nine patients 
were men and 23 were women; their mean age was 59 years 
(range 32 to 92). 

The diagnosis of acute infarction was made when at least 
two of the following criteria were present: (1) a history of 
prolonged chest pain typical of infarction; (2) the evolution 
of electrocardiographic changes of acute infarction; (3) char- 
acteristic serial elevations of serum enzymes (creatine kinase, 
glutamic oxaloacetic transaminase, lactic dehydrogenase). 
Twenty-one patients had a previous myocardial infarction. 
In 44 patients the infarct was anterior by electrocardiographic 
criteria; in 41 it was inferior or posterior, and in 17 patients 
it was subendocardial. Numerous admission variables such 
as previous myocardial infarction, chronic obstructive pul- 
monary disease, a ventricular gallop, basilar rales, supraven- 
tricular tachycardia, sinus tachycardia, ventricular fibrillation, 
systolic and diastolic blood pressure, third degree atrioven- 
tricular (A-V) block, clinical class and localization of myo- 
cardial infarction were related to the initial ejection fraction 
determinations, and statistical significance was then deter- 
mined using an analysis of variance. 

Ninety-eight patients (excluding four patients who died 
from noncardiac causes) were followed up for 30 days (early 
death) and 12 months (late death) after the acute infarction. 
The cause of death was determined from the clinical diagnosis 
before death, the postmortem report, or both. For morbidity 
studies, 87 patients who survived the ist month after acute 
infarction (excluding 1 patient lost to follow-up) were followed 
up.2 to 18 months (mean 11 months). Angina pectoris was 

-diagnosed from the clinical history and congestive heart 
failure from the clinical history (shortness of breath during 
exertion, orthopnea), physical examination (ventricular gallop, 
basilar rales) and chest X-ray film (vascular redistribution or 
Kerley B lines). 

Ejection fraction and first third ejection fraction: In 
44 of the 102 patients, it was also possible to determine si- 
multaneously the first third ejection fraction with the first 
pass radionuclide angiographic method, using the same raw 


data employed for calculating the total ejection fraction. In 
the remaining patients, tapes with raw data were no longer 
available for retrospective analysis of the first third ejection 
fraction. In the group of 44 patients, the relative values of the 
first third ejection fraction, total ejection fraction and clinical 
class of the Myocardial Infarction Research Units (MIRU) of 
the National Heart, Lung, and Blood Institute? for predicting 
1 year mortality, congestive heart failure, recurrent myocardial 
infarction and angina pectoris were compared. 

The first pass radionuclide angiographic technique and the 
calculations of left ventricular ejection fraction and the first 
third ejection fraction were performed as described previ- 
ously.” In brief, 14 to 20 mCi of technetium-99m bound to 
human serum albumin, or technetium-99m in sodium per- 
technetate was injected rapidly into a large peripheral vein. 
As the technetium bolus dose traveled through the heart, 
precordial activity was recorded in a 30° right anterior oblique 
projection using a mobile single crystal scintillation camera 
equipped with a general purpose parallel hole collimator and 
stored on a digital videotape. The data were transferred to a 
General Electric Med II computer system for processing, The 
total ejection fraction was calculated using a light pen-as- 
signed region of interest surrounding the left ventricle to. 
monitor counts at 0.04 second intervals during the transit of 
the radicactive agent through the cardiac chambers. Back- 
ground corrections were made and a plot was produced 
showing the changes in count rate during approximately 10 
to 15 heartbeats. The high frequency curve characterized by 
cyclic alterations in count rates between end-diastole and 
end-systole was used by the computer in the following formula 
for ejection fraction (EF): 


End-diastolic counts — End-systolic counts - 


Total EF = 
gupes End-diastolic counts 





To calculate the first third ejection fraction. the downward 
slopes of the high frequency time-activity curves were iden- 
tified using the same beats to calculate both total and first 
third ejection fractions. End-diastole was chosen as the point 
with the highest number of counts just before ejection. End- 
systole was taken at a point with the smallest number of 
counts. The X-axis distance between these two points was 
defined as the left ventricular ejection time and was further 
divided into thirds. The ejection fraction during the first one 
third of systole (1/3 EF) was calculated manually using the 
following formula: 


End-diastelic counts — counts at 1/3 of systole 
End-diastolic counts 


As previously described, the correlation of first pass first third 
ejection fraction determined with the radionuclide method 
and with contrast ventriculography is very goed (r = 0.90), and 
the intraobserver and interobserver variations are small (mean 
difference <0.025; range 0 to 0.05}.7 

Statistical analysis of the data: Analvsis of variance, the 
chi square test and standard regression equations were used 
for statistical analysis. To compare further the sensitivity and 
specificity of total and first third ejection fractions for mor- 
tality, a receiver-operating characteristic analysis curve!! was 
produced for both variables. This curve describes the com- 
promises that can be made between sensitivity and specificity, _ 
the curve constituting a plot of sensitivity versus 1 minus 
specificity, with each point on the curve corresponding to 
these values for a specific threshold value. If the curve for a 
given predictor is consistently above that for another predictor 
it offers improved detection of risk because for any value of 
1 minus specificity, the sensitivity is greater, whereas for any 
given sensitivity the corresponding value of 1 minus specificity 


1/3 EF = 
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is less. All results are presented as the mean + 1 standard 
deviation. 
Informed written consent was obtained before each 


“study. 


Results 


: : _ Admission findings: The relations between the total 
- ejection fraction and initial clinical class and heart rate 


are presented in Figure 1. Total ejection fraction in the 


< 47 patients in MIRU class I (no evidence of congestive 
- heart failure) was 0.48 + 0.10; it was 0.45 + 0.18 in the 


43 patients in class II (signs of mild left heart failure), 
0.36 + 1.0 in the 8 patients in class IH (moderate left 
heart failure) and 0.39 + 0.5 in the 3 patients in class IV 
(overt pulmonary edema and shock). Total ejection 


_ fraction was significantly reduced between classes I and 


IH {p <0.02). Only one patient in class HH and none in 


class IV had a normal admission total ejection fraction 
~ (20.52). However, there were almost equal numbers of 


patients with normal or. depressed left ventricular 


# function in MIRU classes I or H. In the 30 patients with 


a heart rate greater than 100 beats/min, the ejection 





raction averaged 0.40 + 0.10; in those with a lower heart 
‘ate the mean total ejection fraction was 0.47 + 0.10 (p 


- <0,005) (Fig. 1). 


‘There were no significant differences in mean total 
ejection fraction among patients with different locations 
- of myocardial infarction. Also, a history of previous 


myocardial infarction, chronic obstructive lung disease, 


-thë occurrence of a ventricular gallop, basilar rales, 
“supraventricular tachycardia, sinus tachycardia, ven- 


tricular fibrillation, third degree A-V block, systolic and 
diastolic blood pressures during hospitalization did not 
correlate with the total ejection fraction. 

Mortality: For follow-up studies, the patients were 


“separated: into two groups: group A, patients whose 
“initial ejection fraction was normal (20.52) and group 
_ B, patients in whom it was depressed (<0.52). There was 






_ no improvement of the predictive value of the total 
- ejection fraction for mortality when lower separation 


points were examined. Of the 98 patients, 30 were in 


- group A (mean total ejection fraction 0.57 + 0.04, range 
- 0.52 to 0.70), and 68 were in group B (mean total ejection 


y 


fraction 0.40 + 0.07, range 0.23 to 0.51). There was no 


significant difference between these two groups with 
regard to mean age, site of infarction or previous myo- 


cardial infarction (Table I). The early mortality (less 
than 30 days) was the same for both groups (3 of 30 [10 
percent] in group A; 6 of 68 [9 percent] in group B}. 
However, the 1 year mortality rate was 2.4 times greater 
in group B (24 percent) than in group A (10 percent). 
Between 1 month and 1 year there were no further 
deaths in patients with a normal total ejection fraction, 
but 10 of the 62 patients (16 percent) in group B died 


“during the follow-up study. 
= -The causes of death in both groups are presented in 


_ Figure 2. When both early and late deaths are consid- 
__ ered, the incidence of sudden death was similar in both 






__ groups (5 of 68 [7 percent] in group B; 2 of 30 [7 percent] 


group A). The most frequent cause of death in group 


- B was recurrent myocardial infarction (8 of 68, 12 per- 
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FIGURE 1. Relation between initial ejection fraction after acute myo- 
cardial infarction to initial Myocardial infarction Research Unit (MIRU) ~ 
clinical class {class.{, no pulmonary venous congestion; H, slight pul- 
monary congestion: fll, moderate pulmonary congestion; IV, overt 
pulmonary edema) and to heart rate. Horizontal lines represent the 
mean ejection fraction for each group. n = the number of patients in 
each group; p = probability. 


TABLE |! 


Comparison Between Patients With a Normal (20.52, 
group A) and a Reduced (<0.52, group B) Initial Ejection 
Fraction 





EF < 0.52 





EF 2 0.52 
(group A, (group B, 
n = 30) n = 68) 
Age (yr) 59.5 (range 32-92) 58.4 (range 39-77) 
EF 0.57 (range 0.52- 0.40 (range 0.23- 
0.70) 0.52) 
MI location (n) 
Anterior 12 (40%) 36 (44%) 
Posteroinferior 12 (40%) 26 (41%) 
Subendocardial 6 (20%) 10 (15%) 
Previous MI {n} 7 (23%) 14 (21%) 





EF = ejection fraction; Mi = myocardial infarction; n = number of 
patients. 
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FIGURE 2. Mortality and causes of death within 1 year after acute 
myocardial infarction (Mi) in the group of patients with an ejection 
fraction (EF) of = 0.52, and the group with an ejection fraction of <0.52. 
CHF = congestive heart failure. 
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FIGURE. 3. Relative morbidity from angina pectoris and congestive 
heart failure (CHF), as well as the combined mortality and morbidity from 
congestive heart failure within 1 year after acute myocardial infarction 
in the:groups with a normal (2.0.52) and with a depressed (<0.52) initial 
ejection fraction (EF). 


gent), compared with a 3 percent (1 of 30) incidence rate 
of this occurrence in group A. Three patients (4 percent) 
in group B and no patient in group A died of congestive 
heart failure. 
Morbidity (Fig. 3): During the late follow-up period 
(2 te 18 months, mean 11 months) the incidence of an- 
gina pectoris was similar in both groups (27 of 60 [45 
pereent] in group B; 13 of 27 [48 percent] in group A). 
However, congestive heart failure occurred in 50 percent 
of patients in group B (80 of 60 patients) and in only 15 
percent of patients in group A (4 of 27). At the end of the 
follow-up period, 70 percent of patients in group B (46 
of 66) and only 23 percent of patients in group A (7 of 
30) either were dead or had congestive heart failure (p 
- <0.05). 
- First third ejection fraction: In this group of 44 
-patients, the mean total ejection fraction was 0.52 + 
0.10, significantly higher than that in all 102 patients, 
0.45 + 0.11 (p <0.01) and the mean first third ejection 
fraction was 0.16 + 0.04. There was no significant dif- 
ference between this subgroup of 44 patients and the 
total group of 102 patients with regard to mean age, site 
of myocardial infarction, previous myocardial infarction 
and other admission variables. On the basis of data 
obtained in 20 normai subjects, the mean normal first 
third ejection fraction was 0.29 + 0.04 (range 0.25 to 
0.26).* Figure 4 presents the correlation between the 
total and the first third ejection fractions. Twenty-three 
of the 44 patients (52 percent) had a normal total ejec- 
tien fraction (20.52), whereas none had a normal first 
third ejection fraction (20.25). The best separation 
peint for the first third ejection fraction in predicting 
1 vear mortality and morbidity was 0.17. In 21 patients 


- < the first third ejection fraction was <0.17, and in 23 it 


was 20.17. Nine of the 44 patients died in the subse- 
quent year and each had a first third ejection fraction 
of <0.17, although 2 of the 9 had a normal total ejection 
fraction (0.54 and 0.58, respectively). The time-activity 
curve of one of these patients who had a normal initial 
total ejection fraction (0,58) and a reduced initial first 
third ejection fraction (0.11) is presented in Figure 5. 
Thus, 43 percent of patients (9 of 21) with a first third 
ejection fraction value of <0.17 and no patient with a 
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FIGURE 4. Correlation between the initial total and the inifial first third 
ejection fractions in 44 patients with acute myocardial infarction, Open 
circles represent patients whe died within the 1st year after infarction. 
The dashed line represents the lower normal range of tetal ejection 
fraction (0.52). Vertical lines represent the lower normal range of first 
third ejection fraction (0.25) and the value of first third ejection fraction 
(0.17) that separates patients with a high and a low 1 year mortality 
rate. 


value of 20.17 died in the year after acute myocardial 
infarction (p <0.005). With use of a receiver-operating 
characteristic analysis, the curve for first third ejection 
fraction was always above the curve for total ejection 
fraction (Fig. 6), and therefcre the former appeared to 
allow better detection of 1 year mortality in this group 
of patients. During the follow-up period, 7 of the re- 
maining 12 patients with a first third ejection fraction 
of <0.17 near the time of admission had congestive heart 
failure; therefore, 76 percent of the patients with a first 
third ejection fraction of <0.17 either died er had con- 
gestive failure during the follow-up period. 

MIRU class and ejection fraction (Table II): 
Comparison of the MIRU clinical class with total and 
first third ejection fractions in the 44 patients who had 
data for both variables indicates that the the MIRU 
class was superior for predicting the incidence of con- 
gestive heart failure within the 1st year after admission, 
whereas the first third ejection fraction was the only 
variable that significantly predicted 1 year mortality 
and recurrence of myocardial infarction. 


Discussion 


Radionuclide angiography has made it feasible to 
measure the ejection fraction non-invasively in patients 
with acute myocardial infarction during the early phase 
of hospitalization. In previous studies, such radionuclide 
angiographic ejection fraction determinations were used 
to predict prognosis of patients after acute myocardial 
infarction; however, small groups of patients were fol- 
lowed up for short periods (3 or 5 months}, or com- 
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bined early and late ejection fraction determinations 
were used to predict mortality and morbidity.° It has 
_been also suggested in these studies** that repeated 
“measurements of ejection fraction might be more useful 
_in predicting the prognosis of patients with acute 
myocardial infarction than the initial measurement 
lone, but such measurements are expensive and not 
ways feasible. Therefore, it seemed important to assess 

the usefulness of ejection fraction determinations for 












‘TABLE II 


-Morbidity and 1 Year Mortality in Relation to MIRU Clinical 
Class and Total and First Third Ejection Fractions (EF) 
























Congestive Recurrent 
Heart Myocardial 
Failure Angina infarction Death 
in} {n} in) {n} 
< MIPU class 
tn = 22) 0 7 1 3 
sokin = 20) 6 10 5 § 
a Min = 2) 2* 6 1 1 
Total EF 
o 20.52(n = 24) 3 9 3 2 
0.62 in = 20) 5 8 4 7 
third EF 
0.17 (n= 23) 2 6 o 0 
<0.17 (n= 24) 6 1 7t gt 





+14 p = <0,001, <0.02, <0.005, respectively. 
-p= number of patients. 
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FIGURE 6. Receiver-operating characteristic curves to predict 1-year = i 
mortality in the 44-patients who had measurements of both total ejection 
fraction (EF) and first third ejection fraction (1/3 EF). Note that the 1/3. 


EF curve is always above the EF curve. Sée text for further details: False 
positive fraction (1 — specificity) = False pasitive/Actually negative. = 


True positive fraction (same as sensitivity) = True positive/Actually 
positive. 
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predicting early and late mortality and morbidity when 
measured only once, relatively early after admission, in 
a group of patients followed up to a mean of 1 year after 
acute myocardial infarction. 

Predictive value of total versus first third ejec- 
tion fraction: In previous studies we’8 have shown that 
the ejection fraction measured in early systole is more 
sensitive than total ejection fraction for detecting left 
ventricular dysfunction.’® In the present study, al- 
though the mean ejection fraction in all 102 patients was 
< lew (8.45 + 0.11), 30 percent of the patients had a nor- 
mal initial ejection fraction 1 to 4 days after the acute 
infaretion and 10 percent of these patients died during 
the follow-up period; also, 1 year mortality in the group 
with a total ejection fraction of <0.52 did not differ 
statistically from the mortality in the group with an 
ejection fraction of 20.52, although it was higher. 
Within a subgroup of 44 patients (in which total ejection 
fraction was significantly higher 0.52 + 0.10), each pa- 
tient. had a first third ejection fraction below normal. 
However, when the latter was <0.17, all patients who 
died were detected and 1 year mortality was signifi- 
cantly higher than when first third ejection fraction 
exceeded 0.17; in two of the patients who died within 1 
year, the total ejection fraction was normal. The pre- 
dictive value of 1 year mortality for total ejection frac- 
tion did not improve when lower total ejection fraction 
separation points were examined. Thus, it appears that 
the first third ejection fraction may provide a more 
sensitive definition of left ventricular dysfunction and 
constitute a better predictor of 1 year mortality than the 
total ejection fraction, although confirmation in a larger 
sample of patients is desirable. 

Petential explanations for the better prediction of 
left ventricular function by early systolic ejection 
fraction rather than total ejection fraction during acute 
myocardial infarction include the possibilities that (1) 
“abnormal aortic compliance in patients with athero- 
‘sclerosis could cause depression of cardiac ejection rate 
early in systole,'” and (2) partially damaged regions of 


the left ventricle fail to produce enough shortening early 
in systole when wall stress is relatively high, whereas 
shortening in these regions may occur late in systole as 
wall tension falls. 

It was found that when left heart failure was absent 
or mild early after admission, the total ejection fraction 
could be either normal or depressed. It is possible that 
in some patients the presence of mitral regurgitation 
served to maintain the total ejection fraction within the 
normal range despite depressed left ventricular con- 
tractility.!3 With moderate to severe left heart failure, 
most patients had a depressed total ejection fraction. 
The small number of patients (three) in our study 
population with initial pulmonary edema and shock 
may be explained by the fact that patients in shock died 
relatively early after admission, before radionuclide 
angiography could be performed. This could-also ex- 
plain the lack of correlation between systolic blood 
pressure and ejection fraction determinations. Sinus 
tachycardia appeared to be associated with a significant 
decrease in ejection fraction, which might reflect in- 
creased sympathetie stimulation due to heart failure. 3 

Implications: A total ejection fraction of <@.52 soon 
after admission with acute myocardial infarction is not 
associated with an increased rate of early mortality, 
sudden death or enhanced likelihood of angina during 
the subsequent year; however, during a 1 year follow-up 
period it presages increased mortality and morbidity 
due to recurrent myocardial infarction or congestive 
heart failure. An improved predictive value for 1 year 
mortality gained with use of the first third ejection 
fraction in a smaller subset of patients may offer the 
possibility of a more reliable predictor than tetal ejec- 
tion fraction. 
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Regional and global left ventricular performance was noninvasively as- 
sessed with quantitative gated equilibrium radionuclide ventriculography 
in 43 patients an average of 40 hours after the onset of a first acute 
transmural myocardial infarction. in all 16 patients with anterior infarction, 
regional ejection fraction, a quantitative. measure of regional left ven- 
tricular performance, was uniformly depressed in the infarcted zone. In 
patients with inferior infarction the abnormalities of regional performance 
were less severe. Fourteen of 20 patients (70 percent) with inferior in- 
farction had depressed performance in the infarcted zone. Function in 
noninfarcted zones was abnormal in only 6 of the 20 patients (30 percent) 
with inferior infarction, but it was abnormal in 11 of the 16 patients (69 
percent) with anterior infarction, particularly in those with severe pump 
failure. As a consequence, global left ventricular ejection fraction was 
significantly lower in patients with anterior than in those with inferior in- 


tarction (mean + standard error of the mean 31 + 3 percent versus 51 


+ 3 percent, p < 0.005). Prognosis and clinical functional class were 
related to performance not only in infarcted zones, but also in noninfarcted 
zones as assessed with electrocardiography. 

H is concluded that depressed function in apparently noninfarcted left 
ventricular zones contributes significantly to left ventricular dysfunction 
after acute myocardial infarction, particularly in patients with anterior 
infarction. 


One of the most. predictable events after an acute myocardial infarction 
is an abnormality of left ventricular systolic performance.! The pi- 
oneering work of Tennant and Wiggers” in 1935 demonstrated that in- 
terruption of the blood supply to a region of canine myocardium was 
promptly followed by cyanosis in the region, and subsequently by overt 
systolic bulging. 

Several studies?-§ have demonstrated the- utility of radionuclide 
ventriculography in assessing sequential changes in global left ventricular 
function after myocardial infarction. However, quantitative changes in 
segmental left ventricular performance after infarction in human 
subjects have not been widely studied with noninvasive methods. We? 
have developed a reproducible and reliable technique utilizing the gated 
radionuclide ventriculogram to assess quantitatively regional left ven- 
tricular performance. In the present study, we applied this technique 
to assess the regional performance of infarcted and noninfarcted left 
ventricular segments after acute transmural myocardial infarction in 
human subjects. 


Methods 
Patients 


Forty-three patients, 29 men and 14 women, admitted to the coronary care 
unit of the Peter Bent Brigham Hospital with well documented transmural” 
myocardial infarction were studied with gated radionuclide ventriculography 
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an average of 40 hours (range 5 to 96) after the onset of chest 
pain, All patients were studied at the bedside in the coronary 
- care unit, with use of a portable gamma scintillation camera. 
The average age of the patients was 59 years (range 33 to 
83). 
The diagnosis of myocardial infarction was based on the 
¿presence of ali of the following criteria: (1) Chest pain con- 
sistent with myocardial ischemia lasting for more than 1 hour. 
(2) Elevation of the total serum creatine kinase level to 50 
percent or more above the upper limit of normal in the first 


-- 3 days of hospitalization and a subsequent reduction. (3) 


Detection of the MB isoenzyme of creatine kinase with elec- 
trophoretic assay of the patient’s serum. (4) Standard elec- 
trecardiographic criteria? consistent with the diagnosis of 


acute myocardial infarction. Transmural infarction was 
“diagnosed when Q waves with a duration of 0.04 second or 


greater than 25 percent of the amplitude of the R wave in the 

“game lead were present and were accompanied by transient 
S-T segment elevation and followed temporarily by T wave 
inversion. 

Criteria for exclusion from. this study included: (1) acute 
nontransmural myocardial infarction; (2) left bundle branch 
block or other electrecardiographic abnormality preventing 
identification of the apparent infarct location (as judged from 
the appearance of pathologic Q waves); and (3) significant 
valvular heart disease. 

Patients were questioned about prior chest pain suggesting 


“myocardial ischemia or infarction, and available records from 


~ prior hospitalization and visits to physicians were analyzed 
for evidence of previous myocardial infarction. Patients with 


“> historical or electrocardiographie evidence of prior myocardial 


infarction were excluded from the study. 
Site of infarction: The location of the infarct, determined 


swith use of accepted electrocardiographic criteria,!©-!2 was 


< ¢haracterized as anteroseptal, apical or inferoposterior. No 
patient had an infarct limited to the lateral region of the left 
ventricle. Pyrophosphate infarct scintigraphy confirmed 


~~ electrocardiographic infarct site in all 15 patients who un- 


© derwent the nuclear study. Similarly, the vectorcardiogram, 

“obtained at the bedside in six patients, was in agreement with 
“the electrocardiographic findings on infarct site in all six pa- 
“tients. 


RV 


B 
2 
FIGURE 1. Schematic representation of the radionuclide ventriculogram 
in the modified left anterior oblique view. The right ventricle (RV) is 
shown, as are the three left ventricular regions (AP = apical: AS = 
anteroseptal; IP = inferoposterior). Three background correction regions 
(B4, Bz, B3) are generated by computer algorithm for regional back- 
ground count determination. 





Each left ventricular region (anteroseptal, apical, in- 
feroposterior) was categorized according to the presence or 
absence of pathologic Q waves in corresponding electrocar- 
diographie sites: Regions with Q waves were designated in- 
farcted zones, and those without Q waves noninfarcted zones. 
Patients with an infarct localized to one anatomic zone of the 
left ventricle were classified as having an anterior infarction 
Oncluding anteroseptal or apical infarction, or both) or an 
inferior infarction (including inferior or posterior infarction, 
or both). 

Clinical functional class: Patients were categerized on 
admission into clinical functional classes based on the criteria 
of Killip and Kimball. Twenty-two patients were in class I, 
13 in class H, 3 in class IH and 5 in elass IV. All patients re- 
ceived standard coronary care, including nasally administered 
oxygen, sedatives, analgesic agents and antiarrhythmic drugs, 
as required. After the radionuclide study, two patients had 
recurrent chest pain associated with electrocardiographic 
changes that were believed to be compatible with iafarct ex- 
tension. Four patients (9 percent) died during hospitaliza- 
tion. 


Radionuclide Data Acquisition and Analysis 


Technique: Gated radionuclide ventriculograms were- 
obtained with a portable gamma scintillation camera inter- 
faced with a dedicated computer system. The technique used 
has been described in detail elsewhere, 8 Basically, it involved 
the in vivo labeling of red blood cells by the antecubital in- 
travenous Injection of unlabeled stannous pyrephcsphate (5 
mg of Pyrolite®, New England Nuclear Corporation) followed 
by injection. of 15 to 25 mCi of technetium-99m as pertech- 
netate 15 to 20 minutes later. 

Gated radionuclide ventriculograms were obtained uti- 
lizing an Anger camera witha high sensitivity 30° slant hole 
straight bore collimator (Engineering Dynamics Corporation, 
Lowell, Massachusetts).'¢ Five minutes after injection of the 
radionuclide, the camera was positioned in the madified left 
anterior oblique projection (30° caudal tilt). Composite low 
count (400,000 counts) scintigrams were acquired until the 
camera obliquity demonstrating the greatest. separation of the 
right and left ventricles was found (typically between 35° and 
45° obliquity). 

After the radionuclide had equilibrated with the intravas- 
cular space (5 minutes), 10 million counts (approximately 
1,000 cardiac cycles) were acquired in matrix mode in 50 ms 
frames by a dedicated digital computer (PDP 11/34, Digital 
Equipment Corporation), using commercially available 
software (GAMMA 11). Only those photoevents falling within 
a 15 percent window centered on the photopeak of techne- 
tium-99m were recorded. 

Global and regional ejection fractions: The end-diastolic 
left ventricular perimeter was manually traced with an elec- 
tronic cursor. A time-activity histogram was generated from 
this region of interest. and end-diastolic and end-systolic 


TABLE | 
Normal Values of Regional Ejection Fraction® 


Regional Ejection 





Fraction 

Region {mean + SD} 
Anteroseptal 66+ 13 
Apical 85 + 12 
inferopostericr 74 = 16 
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. frames were identified as those frames with the maximal and 
minimal counts, respectively, within the left ventricular pe- 
rimeter. An automated computer algorithm that we® previ- 
ously developed and validated was used to generate back- 
ground correction regions, as well as to systematically divide 

the left ventricle into anteroseptal, apical and inferoposterior 

_ regions (Fig. 1). Ejection fraction was calculated for the entire 
_ Jeft ventricle and for each of the three subregions with use of 
the formula 
_ED-ES k 
EF EDB x 100%, 
where EF is ejection fraction, B is the background and ED and 
ES are the end-diastolic and end-systolic counts, respec- 
tively. 

Thus, the change in counts in each left ventricular region 
was used to calculate a value, termed the regional ejection 
fraction, for that region. The range of normal values for re- 
gional ejection fraction has previously been established in our 
institution (Table 1).8 Because we have found that there is 
sorne variation in the normal regional ejection fraction in each 
éf the three regions, we normalized the values in this study by 
dividing by the normal average value obtained for the re- 

w spective region in a group of normal subjects, thus allowing 

direct comparison of function in one region with that in an- 

other. The lower limit. of normal of the regional ejection 

fraction was defined as the mean obtained in the normal 

subjects minus 2 standard deviations. We® have previously 

reported the accuracy with which regional ejection fraction 
_o describes left ventricular asynergy. 

-= Each left ventricular region (anteroseptal, apical infero- 
posterior) was identified as infarcted or noninfarcted on the 
basis of the electrocardiographic criteria described, and its 
segmental function was assessed with the regional ejection 
fraction. Because the values for regional ejection fraction were 
nermalized for regional variation, changes in function in a 
given left ventricular region could be compared directly with 
changes in another region. 

Statistical methods: Data are presented as the mean + 
standard error of the mean. Comparisons between groups of 





















Noninfarcted infarcted 
Zones Zones 
< FIGURE 2. Regional ejection fraction (REF) in 67 electrocardiograph- 
“ically infarcted zones compared with that in 62 noninfarcted zones in 
_ 43 patients (three regions per patient). The lower limit of normal is 
~ Shown by the broken horizontal line. n = the number of regions in each 
“category: p = probability. Data are presented as mean values + stan- 
dari error of the mean. 





















patients were performed with a Student’s t test. Significant 
differences were considered in those with a p value of <0.05. 


Results 


Twenty patients sustained an inferior myocardial 
infarction, and 16 patients an anterior infarction. The 
clinical course of 18 of the 20 patients with inferior in- 
farction and 12 of the 16 patients with anterior infarc- 
tion was uncomplicated, without clinical evidence of 
infarct extension or hospital mortality. In the remaining 
seven patients there was evidence of both anterior and- 
inferior infarction. All four patients who did not survive 
hospitalization had an anterior infarction. 

Identification of infarcted regions: Fifty-seven (85 
percent) of 67 zones identified as infarcted with elec- 
trocardiographic criteria demonstrated an abnormal 
regional ejection fraction, whereas 21 (34 percent) of 62 | 
electrocardiographically noninfarcted zones had a de- 
pressed regional ejection fraction. As might be antici- 
pated, regional function was significantly more de- 
pressed in the infarcted than in the noninfarcted zones 
(Fig. 2). 

Prognosis: The four patients who did not survive 
hospitalization had more severely depressed global left 
ventricular function than that of survivors (Fig. 3A). As 
a group, they demonstrated severe depression of func- 
tion in the infarcted zone (Fig. 3B). In addition, function 
was abnormally depressed in the noninfarcted regions, 
whereas the mean value for function in these regions was - 
normal, in survivors (Fig. 3C). Only one of these four 
patients underwent postmortem examination. Autopsy 





Survivors 

FIGURE 3. Left ventricular function in 4 patients who died during hos: 
pitalization (nonsurvivors) and 39 survivors. A, global ejection fraction” 
{GEF}; B, regional ejection fraction (REF) in infarcted zones; C, regional : 
ejection fraction in noninfarcted zones. The lower limits of normal are 
shown by the broken horizontal lines. n = the number of patients (A). 
or regions (B and C); p = probability. Data are presented as mean values 
+ standard error of the mean. 
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_ demonstrated extensive infarction in the anteroseptal 
and apical regions, corresponding to a depressed re- 
-gional ejection fraction (18 and 0 percent, respectively) 

-in these regions at the time of radionuclide ventricu- 
_ lography. 
~~ Analysis of Killip classification showed similar trends. 
_ Because of the small number of patients in Killip classes 

‘Til and IV (three and five patients, respectively), these 
-classes were combined for purposes of analysis. There 

__was a progressive deterioration in global ejection frac- 
tion with increasing Killip class (Fig. 4A), and regional 
ejection fraction in infarcted zones decreased as the 
Killip class increased from I to IV (Fig. 4B). Fanction 
_- in noninfarcted zones was well within the normal range 
_ for patients in Killip class I, but patients in Killip classes 
[band IV demonstrated significant depression of re- 
gional function (Fig. 4C). 

: Inferior infarction: Of the 20 patients with infarc- 
-tion limited to the inferior zone, 13 (65 percent) dem- 

onstrated depression of the global ejection fraction (Fig. 
5A). Regional function in the infarcted zone was often, 

but not invariably, depressed; 14 of the 20 patients (70 

percent) had a depressed regional ejection fraction (Fig. 
5B). Function in the noninfarcted zone was usually 
- normal. Only 6 of the 20 patients (30 percent) demon- 
_-strated a depressed regional ejection fraction in an un- 
< Involved zone (Fig. 5C); the anteroseptal region was 

abnormal in 2 patients, the apical in 2, and both regions 
in 2. 














KILLIP CLASS 


FIGURE 4. Left ventricular function in 43 patients grouped according 
< to tħe clinical class of Killip and Kimball. A, global ejection fraction 
+ (GEF); B, regional ejection fraction (REF) in infarcted zones; C, regional 

ejection fraction in noninfarcted zones. The lower limits of normal are 

shown by the broken horizontal lines. n = the number of patients (A) 
or regions (B and C); p = probability. Data are presented as the mean 

values + standard error of the mean. 


Anterior infarction: Abnormalities in global and 
regional function were invariably more severe in pa- 
tients with anterior than in those with inferior infarction 
(Fig. 5A). This was true in infarcted as well as nonin- 
farcted zones (Fig. 5 B and C). 

Global ejection fraction was depressed in all 16 pa- 
tients with anterior infarction, and all 16 also demon- 
strated depressed regional ejection fraction in the in- 
farcted zones. There was no significant difference in 
regional function in the infarcted zones in patients 
studied within 36 hours of infarction (regional ejection 
fraction 25 + 6 percent) and those studied 37 to 96 hours 
after infarction (regional ejecticn fraction 34 + 6 per- 
cent). Function in the noninfarcted regions was de- 
pressed in 11 of the 16 patients. 


Discussion 


This study demonstrates the feasibility of the non- 
invasive identification and assessment of the signifi- 
cance of regional performance of left ventricular seg- 
ments after acute myocardial infarction in human 
beings. Regions with Q waves in corresponding elec- 
trocardiographic sites usually demonstrated depression 
of function after infarction; this was a universal finding 
in anterior infarction. and occurred somewhat less fre- 
quently after inferior infarction. Furthermore, regional 
left ventricular function was more severely depressed 
in the overtly involved segments of patients with ante- 


ay ace lise oes 


80- 
GEF co. ee 
(%) 








inferior Anterior 


FIGURE 5. Left ventricular function in 26 patients with inferior (20) and 
anterior (16) infarction. A, global ejection fraction (GEF); B, regional 
ejection fraction (REF) in infarcted zones; ©, regional ejection fraction 
in noninfarcted zones. The lower limits of normal are shown by the 
broken horizontal lines. n = the number of patients (A) or regions (8 
and C); p = probability. Data are presented as the mean values + 
standard error of the mean. 
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rior infarction than of those with inferior infarction. In 
addition, electrocardiographically apparently unin- 
volved zones frequently demonstrated abnormal func- 
tion. Global left ventricular function, as well as prog- 
nosis and clinical status, appeared to reflect the degree 
to which function was depressed in infarcted as well as 
more distant left ventricular segments. 

Previous studies on asynergy of anterior versus 
inferior infarcts: Previous invasive investigations!» 
have demonstrated that the hemodynamic conse- 
quences of acute myocardial infarction reflect, at least 
in part, the extent and degree of associated left ven- 
tricular asynergy. Anterior infarction is usually associ- 
ated with higher filling pressures and larger left ven- 
tricular volumes than is inferior infarction,!®!® and 
these hemodynamic abnormalities have been correlated 
with the degree of akinesia evident on contrast angio- 
graphic studies.!9 Anterior infarcts appear to be asso- 
slated with quantitatively more myocardial necrosis 
than occurs with inferior infarcts, as assessed with 
serum creatine kinase analysis.” The degree of the re- 
«sulting asynergy of the infarcted anterior segments is 
more marked than that of the infarcted inferior seg- 
ments.” In the normal left ventricle, there is a greater 
degree of shortening of the anterior than of the posterior 
wall; thus, similar degrees of depression of function 
might be expected to result in more severe derange- 
“ments after anterior infarction.2!?? However, Miller et 
al? investigated the mechanism by which anterior in- 
farction leads to a greater depression of performance 
than is evident with inferior infarcts, and found that 
when the pattern of asynergy and the extent of the in- 
farct were similar, the location of the infarct was un- 
important. Our study has confirmed that quantitatively 
more depression of contractile function occurs with 
anterior than with inferior infarcts; whether anterior 
infarcts are geometrically larger remains unclear. 

Regional function in noninfarcted ventricular 
zones: A somewhat unexpected finding of our study was 
the frequent demonstration of depressed function in 
ostensibly noninfarcted left ventricular regions, par- 
ticularly in patients with anterior infarction. Because 
none of our patients had evidence of prior myocardial 
infarction, it is likely that the depressed regional func- 
tion was not related to unrecognized prior infarction but 
reflected other factors (at least some of which have 
previously been studied). Mathes et al.*4 investigated 
the contractile state of noninfarcted right ventricular 
papillary muscle in cats subjected to left ventricular 
myocardial infarction and found moderate depression 
of function within the Ist week after infarction. Actively 
developed force and the response to provocative pro- 
cedures to increase contractility did not return to nor- 
mal until 6 weeks after infarction. The explanation for 
this observation remains unclear, especially in view of 
the enhanced function in noninfarcted segments dem- 
onstrated by others in animals? and human beings.”6 
It has been suggested” that despite the apparent. in- 


= erease in function some workers have observed in these 


noninfarcted regions, these areas may be depending on 


the Frank-Starling mechanism and increased levels of 
circulating catecholamines to maintain function, 
whereas their basal contractile state is truly depressed. 
On the other hand, Corday, Meerbaum and co-work- 
ers2’.28 demonstrated in animal models that remote and 
apparently uninvolved myocardial regions may dem- 
onstrate not only depressed function, but also regional 
metabolic derangements indicating ischemia. Fur- 
thermore, microinfarcts have been observed histologi- 
cally in regions remote from the site of experimental 
myocardial injury.” Depression of function in unin- 
volved regions has been attributed to regional isch- 
emia,” catecholamine depletion” and left ventricular 
shape,?4 among other factors. 

Whatever the explanation for this phenomenon, it is 
clear that left ventricular function depends on the in- 
tegrity of function in the electrocardiographically 
noninfarcted regions. We have shown a close depen- 
dence of global function on regional function in nonin- 
farcted as well as infarcted zones. One factor that ap- 
pears to be responsible for improvement in left ven- 
tricular function in surviving myocardium is the de- 
velopment of hypertrophy.” Further investigation of 
the sequential changes in regional left ventricular per- 
formance after myocardial infarction may help clarify 
the factors that determine the extent to which surviving 
regions can compensate for the loss of infarcted myo- 
cardium. 

Previous radionuclide studies of global left 
ventricular performance after myocardial in- 
farction: Reduto et al.® sequentially studied right and 
left ventricular performance in 31 patients with un- 
complicated transmural infarction. Inferior infarcts 
were associated with a greater depression in right ven- 
tricular ejection fraction than anterior infarcts, whereas 
left ventricular ejection fraction was lower with anterior 
infarcts (anterior 34 + 3 percent; inferior 50 + 3 per- 
cent). During the period of hospitalization, no signifi- 
cant change in global or regional performance was 
documented. However, patients with severe depression 
of function were excluded, and regional wall motion was 
qualitatively assessed. Rigo et al.° showed that global 
ejection fraction was depressed in patients with acute 
infarction, and it improved in all 14 patients who had 
clinical improvement; ejection fraction was unchanged 
in the 6 patients whose condition failed to improve or 
deteriorated. Determination of ejection fraction was 
made using conventional area-length measurements, 
as is done in contrast ventriculography, and regional 
function was assessed by analyzing the extent of aki- 
netic segments. Schelbert et al. found that 76 percent 
of patients demonstrated a depressed ejection fraction 
after infarction; improvement was seen in 55 percent of 
patients in the early follow-up period. Although 
Schelbert et al. addressed the importance of the 
functional state of the residual noninfarcted myocar- 
dium, their analysis of wall motion was based not on the 
radionuclide angiocardiogram, but rather on a heart 
motion videotracker (radarkymograph). The latter in- 
strument is not able to assess inferior left ventricular: 
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-wall motion, and its utility is limited by various ex- 
trapericardial processes including pulmonary fibrosis 
vand edema.*? Kostuk et al.4 demonstrated that, al- 
‘though ejection fraction could not consistently be re- 
lated te the site of the infarct, it correlated with the size 
of the infarct as determined from changes in serum 
enzyme activity. Serial studies showed improvement of 
global function in 55 percent of the patients; sequential 
changes in regional wall motion were not reported. 

Correlation of electrocardiographic and ven- 
triculographic localization of infarction: An ab- 
normality of regional wall motion in the infarcted zone 
was noted in the majority of our patients. Electrocar- 
` diographic identification of the infarcted segment does 
not uniformly agree with histologic evidence of infarc- 
tion.!° However, previous studies? !623.51 using contrast 
left ventriculography have demonstrated a close asso- 
_ ciation between segmental left ventricular dysfunction 
-and corresponding electrocardiographic localization of 
‘infarcted regions. The designation of infarcted segments 
in our study on the basis of the electrocardiogram is thus 
supported by these prior studies, which used a different 
technique. 

The difficulty of deducing infarct extent from the 
standard electrocardiogram should be emphasized. 
Although the electrocardiogram can reliably distinguish 
between infarets involving the anterior wall from those 
involving the posterior wall, it is less reliable in sepa- 
«tating infarcts involving specific subdivisions of the 
anterior or posterior wall (anteroseptal, apical, ante- 
rolateral, for example).°? The electrocardiogram fre- 
quently underestimates the extent of involvement of 
healed infarcts, and postmortem examination often 
demonstrates multiple sites of healed infarcts.° For 
these reasons, we limited our study to patients who had 


no clinical or other evidence of prior myocardial in- 
farction. In addition, we compared patients who were 
grouped into two broad categories of infarct site (ante- 
rior and inferior) that can be reliably distinguished by 
the electrocardiogram.*? 

Clinical implications: Although the regionel ejec- 
tion fraction method provides a reproducible nonin- 
vasive measurement of quantitative segmental perfor- 
mance, it does not directly indicate the relative size of 
infarcted or noninfarcted regions. However, it provides 
a means of assessing the evolutionary changes in re- 
gional performance after infarction. Quantitative 
evaluation of regional left ventricular wall motion after 
pharmacologic or surgical treatment in patients with 
myocardial infarction may provide useful information 
regarding the efficacy of a variety of intervertions. 
Because our method of evaluating regional ventricular 
performance with use of the regional ejection fraction 
is based on changing count rates, a three dimensional 
perspective of changes in left ventricular blood volume 
is obtained. The technique is thus independent cf geo- 
metric constraints, and is able to assess wall motion in 
regions of the ventricle that are not tangentially ori- 
ented to the detector. Previous studies from our insti- 
tution” have demonstrated the reliability and accuracy 
of assessing the performance of multiple left ventricular 
regions from a single modified left anterior oblique 
gamma camera view. 

Our findings in this study emphasize the frequent 
occurrence of dysfunction in left ventricular regions 
remote from infarcted zones, particularly after anterior 
infarction, and suggest that depression of mechanical 
performance in regions outside the ischemic zone may 
contribute to depressed cardiac performance after 
myocardial infarction. 
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Left ventricular performance and segmental wall motion were studied 
sequentially in 12 patients during the 1st postoperative year after coronary 
arterial bypass graft surgery with use of computer-aided fluoroscopic 
analysis of radiopaque tantalum markers implanted into the left ventricular 
wall at operation. Measurements were made 1 week, 2 months and 4 year 
after operation. Ejection fraction decreased significantly early postop- 
eratively (to 42 + 3 percent [mean + standard error of the mean]) but 
recovered to near preoperative values (55 + 3 percent) at 2 months (49 
+ 2 percent) and 1 year (51 + 3 percent). Stroke volume increased from 
51+ 4 ml 1 week after operation to 70 + 6 ml at 1 year; heart rate de- 
creased from 91 + 2 to 69 + 4 beats/min during this interval. Both cir- 
cumferential fiber shortening velocity and cardiac output were constant 
over the year. Total peripheral resistance was reduced in the early 
postoperative period. The data in the early postoperative perioc were 
consistent with those observed with an increase in heart rate alone, with 
only a small chronotropic augmentation of the myocardial contractile state. 
Total wall motion increased from 1 week to 2 months after operation 
primarily because of an increase in the extent of contraction of inferior 
wall segments, particularly in zones of previous infarction. Five of seven 
patients who had a preoperative myocardial infarction with hypokinesia 
of the infarcted region showed increased shortening in the regionin the 
first 2 postoperative months. Four of six patients whose ejection fraction 
was less than 40 percent 1 week after operation had recurring angina; 
the six patients with a larger ejection fraction at this time had no recur- 
rence. 

Because resting left ventricular performance varies significantly during 
the 1st postoperative year, it is concluded that (1) results of evaluations 
made at widely differing times after operation should not be pooled in 
determining operative results; (2) studies made 2 or more months post- 
operatively are not subject to the rapidly changing values associated with 
the early postoperative period; (3) frequent sequential studies of left 
ventricular performance are required to evaluate operative outceme in 
an individual patient; and (4) wall motion in regions of previous infarction 
can be improved by coronary bypass graft surgery. 


Correction of left ventricular dysfunction is a justifiable goal of ccronary 
arterial bypass graft surgery because the state of left ventricular function 
is known to be an important factor in survival of patients with coronary 
artery disease.!-* There have been conflicting reports on the effect of 
coronary bypass surgery on left ventricular function. Some studies?-9 
have shown a failure of surgery to improve resting ventricular perfor- 
mance or segmental wall motion; others!®-'4 have shown improvement 
of wall motion in regions of dysfunction both with and without improved 
overall ventricular performance. 
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One factor that could contribute to these mixed re- 
sults is the timing of the postoperative evaluation. 


- Typically, left ventricular function has been assessed 


at.a single time from 1 week to 1 year postoperatively, 


and results at different times have been pooled to 


evaluate operative outcome. Although Bourassa et al.' 
did make sequential evaluations of wall motion in 87 


patients at 2 weeks and 1 year after operation, they did 









~ net report indexes of left ventricular performance. 


In the present study we examined the postoperative 
time course of indexes of resting left ventricular per- 


formance and segmental wall motion in intact unanes- 
thetized patients during the Ist year after coronary 


arterial bypass graft surgery. Most previous studies have 
utilized contrast angiography to assess left ventricular 
performance. This technique is limited by the effects 
of premedication and contrast injection and its invasive 
nature, which restricts its use in sequential determi- 
nations. In addition, Hugenholtz et al.}° suggested that 
angiographic methods are only marginally useful in 
patients with coronary artery disease because truly 
comparable films are difficult to obtain and the data are 


_. internally inconsistent. 
_ We avoided the difficulties of angiographic methods 


_ in the present study by using noninvasive serial fluo- 
 -roscopic measurements of the dynamics of miniature 
_ tantalum markers implanted in the left ventricular 





- myocardium at the time of operation. This method has 


the unique capability of allowing specific myocardial 
sites to be identified at each postoperative evaluation, 
assuring reproducibility in sequential determinations. 
Measurements of left ventricular dynamics in 12 resting 
supine patients were made at intervals of 1 week, 2 
months and 1 year after operation in order to define the 
changes in left ventricular function occurring during 
this period. 


Methods 


Patient selection: Twelve patients who had coronary ar- 
terial bypass graft surgery during a 6 month period at Stanford 


TABLE | 
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University Medical Center, and who had technically adequate 
marker implantation and fluorographic studies 1 week, 2 
months, and 1 year postoperatively were studied (Table J). 
The patients included nine men and three women, ranging in 
age from 39 to 64 years (mean 47) at operation. All patients 
had 70 percent or greater reduction in cross-sectional area of 
the left anterior descending coronary artery, seven had 50 
percent or greater stenosis of the left circumflex coronary 
artery and eight had 50 percent or greater stenoses of the right 
coronary artery. Seven patients had a previous myocardial 
infarction and one patient had a minimally stenotic aortic 
valve. Medically unmanageable angina pectoris was the in- 
dication for surgery in all cases. Eleven patients had multiple 
grafts placed and all patients had at least one graft placed to 
a branch of the left coronary artery. 

Procedures: At operation, after the establishment of car- 
diopulmonary. bypass, the aorta was cross-clamped. Myo- 
cardial preservation was accomplished during the period of 
cardiac arrest by profound topical hypothermia with saline 
solution at 4° C and the distal anastomoses were completed. 
The aorta was unclamped and administration of cold saline 
solution discontinued. After 4 to 5 minutes of manual com- 
pression of the heart, electric defibrillation was effected. 
Proximal anastomoses were then carried out using a side- 
biting clamp on the aorta. Cardiopulmonary bypass was then 
discontinued.!” 

Informed consent for marker implantation during cardiac 
surgery and subsequent studies were obtained from all pa- 
tients in accordance with the requirements of the Medical 
Committees on the Use of Human Subjects in Research at 
Stanford University and at the Palo Alto Medical Research 
Foundation. At the time of surgery, helical tantalum markers 
0.85 mm in diameter and 1.5 mm long were implanted into the 
left ventricular myocardium, as previously described.!* Each 
marker was implanted by threading the coil onto the point of 
an insertor that was used to implant the marker at a depth of 
5 mm from the epicardial surface. Seven such markers were 
placed, three along the anterolateral wall, three along the in- 
ferior wall and one at the left ventricular apex to outline the 
left ventricle when it was viewed in the 30° right anterior 
oblique projection (Fig. 1). In addition, two metallic clips were 
attached to the adventitia of the ascending aorta, at the level 
of the aortic commissures, to provide reference points for the 
position of the aortic valve. 











Study Patients 
Symptoms 
Coronary 1 Year 
Age (yr) Preoperative Arterial After 
Case & Sex Diagnosis Lesions Grafts Placed Operation 
1 53F Variant angina 95% LAD LAD, diagonal None 
2 43M inferior MI, angina, aortic 100% LAD, 99% LCx, 95% RCA LAD, RCA None 
stenosis 
3 64F Unstable angina, inferior 80% LAD, 100% LCx, 100% RCA LAD, LCx, marginal, RCA None 
MI 
4 39M Inferior MI, angina 80% LAD, 80% LCx, 25% RCA LAD, diagonal, LCx, RCA Mild angina 
5 59F inferior MI, angina 90% LAD, 45% LCx, 80% RCA LAD, RCA Angina 
6 51M Inferior & anteroseptal MI, 100% LAD, 50% LCOx, 25% RCA LCx, marginal Angina 
angina 
7 54M Angina 80% LAD, 70% LCx, 90% RCA LAD, diagonal, LCx, RCA None 
8 54M inferior MI, angina 85% LAD, 60% LCx, 100% RCA LAD, LCx, RCA None 
9 45M Unstable angina 95% LAD LAD None 
10 48M Unstable angina 100% LAD, 25% RCA LAD, RCA None 
4 49M Angina 85% LAD, 50% LCx, 80% RCA LAD, RCA None 
1 44M Inferior Mi, angina 85% LAD, 90% LCx, 80% RCA LAD, LCx, RCA Angina 








|) (DAD = left anterior descending coronary artery; LCx = left circumflex coronary artery; MI = myocardial infarction; RCA = right coronary artery. 
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SoM ENT HIGUEAR: PUNCHON CARTER CORONARY SURGE 


e RADIOPAQUE MARKERS 
x COMPUTER GENERATED 
POINTS 


AORTIC 
CLIPS, 





FIGURE 1. The lieft ventricle ‘schematically presented showing the 


: E placement of myocardial- markers (closed circles) and aortic clips (V). 
` Crosses indicate computer-generated positions of the aortic valve plane 


2 based on superimposition of the preoperative left ventricutogram. R4, 
© Ray Re and Ro, Ra, Re are radii for measuring inferior and anterior wall 
; shortening, respectively. 


oo. AH patients had serum enzyme evaluations of serum lactic 
_ dehydrogenase, glutamic oxaloacetic transaminase and total 
> ereatine kinase (CK-MB isoenzyme in five cases) and elec- 
_- trocardiograms during the immediate (in-hospital) postop- 

_ efative period and at subsequent follow-up studies. There 
were no electrocardiographic or serum enzyme changes in- 
- — dieative of myocardial infarction in the early postoperative 
-period or during later follow-up. Eight of the 12 patients had 








complete relief of their anginal syndrome during the 1 year 


__ span of this postoperative study; in the remaining four pa- 
tients, all of whom had multiple grafts, angina redeveloped 
<8 to 12 months postoperatively. 

Postoperatively, fluorcscopic images from unsedated 
resting supine patients were recorded at 30 frames/s on a video 


disc recorder and replayed frame by frame on a video monitor. 


The X and Y coordinates of marker positions during three 
"successive cardiac cycles were digitized by an operator using 
a light-pen and related temporally to the R wave of the analog 
_ -electrocardiographiec signal, which was recorded as a horizontal 
baron the video image. Each measurement obtained from 
- -three successive cardiac cycles was then averaged and statis- 
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FIGURE 2. Scattergram of left vertricutar volume measurements (in 

mi) from implanted mid wall markers (abscissa) and contrast ventric- 

ulography (angio, ordinate). . 


tical differences between grouped data were assessed using 
Student's t test for paired observations. 

Measurements of left ventricular function: Left ven- 
tricular volumes ai end-diastole ard end-systole were eal- 
culated from marker positions as described previously.!9 
Volumes so obtained are highly correlated (r = 0:91) with 
those measured using contrast. ventriculography: (Fig. 2). 
Stroke volume and ejection fraction calculated from markers 
are also linearly correlated with the corresponding values 
measured from contrast ventriculography (p <0.01. 

Percent shortening of individual ventricular radii and 
circumferential fiber shortening velocity were algo obtained 
from marker dynamics. Percent shortening of the anterior wall 





_ Postoperative Results in 12 Patients 


Time After Operation 








1 Week 2 Months 1 Year 
{7 + 1 days} (61 + 8 days) (363 +.18 days) 
. -Ead-diastolic volume (mi) 124+ 10 1404 14 140 + 13 
- End-systolic volume (mij 7349 7349 70 £.9 
«= Stroke volurne(ml). 5144 67 + 6° 7046 
_ Ejection fraction (%) 4243 49 + 2° St4+a7 
-- Heart rate (beats/min) - 9142 78 3f 69 +41 
— Cardiac output (liters/min) 4540.3 4393+03 47 t04 
_ Blood pressure (mm Hg) 112 43/7442 1214 4°/76+3 1404 71/8543 
o -Velocity of circumferential 0.74 + 0.06 0.76 + 0.04 0.68 + €.05 
fiber shortening (circumterences/s} 
-Total segmental shortening (%) 16.6+ 1.1 19.7 + 0.8" 20.0 + 4.37 
Anterior segmental shortening (%) 16.0 + 2.6 18.3 + 2.2 19.1 4.9 
Inferior segmental shortening 1%} 19.5 + 3.5 24.7 + 2.3! 22.7 + 2.31 





* p <0.05 compared with value at 1 week. 
t p <0.01 compared with value-at 1 week. 
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-T FIGURE 3. Serial measurements of 50 
siroke volume and heart rate for 

each patient are plotted against the 40 


110 
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90 


number of days postoperatively. 
Mean. values (dashed line} and 30 
standard errors are superimposed 
for each postoperative time. 


‘Fig. 1, radii Re, R4 and Re) and inferior wall (Fig. 1, radii R4, 
Ra, and Rs) were calculated together with total shortening, the 


arithmetic average of shortening of all individual radii. Mean 
_-arror in-measurement of mid wall shortening in this manner 
as 1.4 percent of end-diastolic length.'* Velocity of circum- 

“ferential fiber shortening was defined from the maximal 


ventricular diameter within 50 ms of the R wave peak and the 





diameter 167 ms later.” Velocities so defined are highly re- 
prodacible and sensitive to inotropic interventions.”° 
Reproducibility of the measurements (coefficient of vari- 
ation in sequential beats) is.1.8 percent for end-diastolic vol- 
ume, 1.0 percent for end-systolic volume, 4.0 percent for stroke 
volume, 2 percent for ejection fraction, 2.5 percent for velocity 


of circumferential fiber shortening, and 1 percent for total 


shortening.) 
Results 


Ventricular volumes and ejection fraction: 
Grouped data for all postoperative measurements are 


listed in Table II. Measurements of stroke volume, heart 


rate and ejection fraction for each patient are shown in 


-Figures 3 and 4. Mean cardiac output was unchanged 
-during the Ist postoperative year. Mean stroke volume 


- (Fig. 3) increased 31.2 percent between the earliest 


pile 


postoperative study (1 week) and the 2 month postop- 
erative study (p <0.05). This increase in postoperative 
stréke volume was accompanied by a significant in- 
crease in mean ejection fraction (Fig. 4) from 42 percent 
1 week postoperatively to 49 percent 2 months later (p 
<0.05) and to 51 percent at 1 year. Ejection fraction 1 
week postoperatively was significantly lower (p <0.01) 
than the preoperative value (55 + 3 percent [mean + 
standard error of the mean]) but at 2 months and 1 year 
after operation was not significantly different from the 
preoperative value. 

At the time of preoperative angiography mean sys- 
tole arterial pressure was 128 + 5 mm Hg and mean 
diastolic pressure was 82 + 3 mm Hg. Pressures were 
consistently lower in all patients 1 week postoperatively 


< ‘and increased steadily thereafter. These data, together 
» with the unchanged cardiac output, demonstrate re- 

“duced total peripheral resistance in the early postop- 
-erative period. 
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Segmental wall motion: There was no significant 
change in circumferential fiber shortening velocity over 
the year. Total shortening increased 18.7 percent (p 
<0.05) between 7 and 60 days postoperatively. When 
segmental inward excursion was analyzed separately for 
the anterior and inferior walls, it was noted that mean. 
anterior wall shortening remained relatively constant 
over the entire postoperative year, whereas inferior wall 
motion increased significantly from 1 week to 2 months _ 
postoperatively. The increase in inferior wall shortening 
accounted for most of the observed increase in total 
shortening between the observations at 1 week and 2 
months. The increase in mean inferior wall motion was 





EJECTION FRACTION {%) 








| 
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PRE 7 60 360 





OPERATION DAYS POST OPERATION 


FIGURE 4. Individual measurements of ejection fraction for each patient. 
plotted against the number of days postoperatively. Mean: values 

(dashed line) and standard errors are shown for each postoperative | 
time. Preoperative values were obtained from left ventriculography. : 
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primarily due to a subgroup of five patients with a 


previous inferior infarction and evidence of hypokinesia 
_ of the posterior wall 1. week postoperatively. All five of 

these patients had bypass of a critically obstructed right 
coronary artery and four of those patients exhibited 
- marked improvement in inferior segmental function 
__ between the 1 week and 2 month postoperative studies 
_ (Fig. 5). Anterior hypokinesia was present in three pa- 
_ tients with a newly bypassed left anterior descending 
arterial lesion, one of whom had a prior anterior in- 
_ farction. All showed considerable late postoperative 
_ improvement in segmental dynamics (Fig. 5). Of the 
-seven patients who had preoperative myocardial in- 
_ farction with hypokinesia of the infarcted region, five 
_ showed increased segmental shortening in that region 
over the first 2 postoperative months. 


Discussion 


<: Ejection fraction, left ventricular volumes and 
- cardiac output: This study, which used a method 
-permitting serial reproducible. noninvasive measure- 
_ ments of left ventricular function, documents important 
-Changes in left ventricular performance over the first 
© postoperative year. Ejection fraction decreased signif- 
_ icantly in the early postoperative period with recovery 
_ to near preoperative values at 2 months and 1 year after 
_ operation. The unimproved ejection fraction found in 
_ the late postoperative period (relative to preoperative 
values) is in. agreement with most previous studies.4-®-22 
_ Chatterjee et al.! and Rees et al.!2 found an improved 
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ejection fraction in the early postoperative period. Be- 
cause heart-rate, stroke volume and cardiac output were 
all elevated in those studies it has been suggested that 
this was the resuit of an abnormally high sympathetic 
drive.” i 

In our-:study increases in ejection fraction in the 
postoperative period were brought about by increases 
in stroke volume. Changes in stroke volume paralleled 
those in end-diastolic volume, since end-systolic volume 
was constant. Other investigators**.!= have also re- 
ported unchanged end-systolic volume from 5 weeks to 
14 months after operation. l 

The most likely mechanism for the decreased.end- 
diastolic volume observed in the early postoperative 
period is an abbreviated period of diastolic filling re- 
sulting from the tachycardia commonly observed after 
coronary arterial surgery.4-10:!2.22 Because the peri- 
cardium was widely opened at the time of surgery and 
not reapposed, it is not likely to have influenced end- 
diastolic volume. A change in left ventricular compli- 
ance due to the period of intraoperative ischemia is.also 
unlikely to be a factor limiting end-diastolic volume 
because such changes tend to be resolved within 24 
hours postoperatively~4 and our earliest measurements 
were of necessity made in ambulatory patients at 1 
postoperative week. 

The changes observed in the early postoperative pe- 
riod closely parallel the findings of our previous studies 
of the effect of increased heart rate on left ventricular 
performance in supine patients at rest, with concurrent 


FIGURE 5. Serial postoperative changes in segmental 
shortening are shown separately for the inferior and an- 
terior walls. Open triangles indicate mean values (+ 
standard error) for all patients. Gpen circles indicate data 
from patieats with no evidence of myocardial infarction. 
Closed circles indicate data from patients with prior 
electrocardiographically docurnented infarction in the 
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distribution of the affected segments. Dashed lines show 
data from patients with abnormal segmental dynamics 
in the earliest postoperative study (1 week). In general, 
most segments. that were abnormal in the study at 1 week 
360 showed significant improvement in later follow-up. ABNL 
= abnormal; Mi = myocardial infarction: NL = normal. 
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decreases in end-diastolic volume, stroke volume, 
ejection fraction and blood pressure and constant values 
for cardiac output and velocity of circumferential fiber 
shortening.” Thus, the conditions we observed in the 
early postoperative period are consistent with those due 
to the observed increase in heart rate alone, with only 
a small chronotropic augmentation of the myocardial 


contractile state.26 Although sympathetic tone is fre- 


<-quently elevated in the early postoperative peri- 


od;27.9.15.22 it is unlikely that circulating catecholamines 


“were a dominant factor in our results, because the in- 


creased heart rate was matched by a decreased stroke 
volume that led to a constant cardiac output within the 
normal range. The mild tachycardia could be due to the 
baroreceptor reflex responding to the reduction in 
pressure that accompanied the decrease in peripheral 
resistance 1 week after operation. As peripheral resis- 
tance normalized over the year, blood pressure in- 
creased, with resolution of the tachycardia. 

Left ventricular wall motion: The increase in 
overall segmental shortening was found to be due pri- 


= marily to an increase in inferior wall shortening, with 


¿o -mean anterior wall shortening essentially unchanged 





ever the year. Of the seven patients who had a preop- 


erative myocardial infarction, five showed improved 
segmental shortening in the distribution of the graft to 
the infarcted area. This suggests that reperfusion of 
ischemic muscle in and around areas of prior infarction 
can improve regional contraction in those areas. Pre- 
vious investigators have reported that more than half 
of wall segments with motion defects showed early 
postoperative improvement after coronary bypass 
surgery and that. this frequently persisted, |?" but em- 
phasized that regional improvement cannot be expected 
unless preoperative function is depressed.22 
Postoperative angina: Four patients (33 percent) 
had recurrence of angina within the 1st postoperative 
year. This incidence rate is in close agreement with that 


of other reported series??.28.29 in which angina returned 
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in 27 to 29 percent of patients in the same period. Re- 
currence of angina in our study was not correlated with 
decreased ejection fraction at 1 year postoperatively. 
However, angina returned in four of the six patients 
whose ejection fraction was less than 40 percent 1 week 
after operation, whereas there was no recurrence of 
angina in the six patients whose ejection fraction was 
larger at this time. 

Because our postoperative study was designed to be 
wholly noninvasive, no postoperative angiographic 
studies of graft patency were performed. Because the 
surgical technique is the same as that previously used?” 
(in which 76 percent of grafts were patent 1 year after 
operation???) and because the incidence of angina in the 
lst postoperative year corresponds to prior experi- 
ence”?,28-30 and because mean ejection fraction at 1 year 
is not significantly different from the preoperative 
value,” we believe that most of the grafts in these pa- 
tients are likely to be patent. 

Implications of study: Our data show that resting 
left ventricular performance after coronary arterial 
bypass graft surgery varies significantly both in the 
individual patient and in the group during the Ist 
postoperative year. This finding suggests that (1) results 
of evaluations made at widely differing times after op- 
eration should not be pooled in determining operative 
result; (2) studies made two months or more postoper- 
atively are not subject to the rapidly changing values 
associated with the early postoperative period; (3) fre- 
quent sequential studies of left ventricular performance 
are required to evaluate operative outcome in an indi- 
vidual patient; and (4) wall motion in regions of previous 
infarction can be improved by coronary arterial bypass 
graft surgery. 
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An autopsy examination was made in 102 consecutive cases of- fatal 
myocardial infarction that occurred in a coronary care unit. Thirty-five 
of the patients (34 percent) were found to have right ventricular infarction. 
All of the right ventricular infarcts were associated with transmural in- 
farction of the posterior left ventricle or the interventricular septum, e 
both. The group with right ventricular infarction was compared. with that 
without right ventricular infarction. Both groups had a predominant pattern 
of coronary arterial atherosclerosis consisting of severe stenosis of the 
proximal left anterior descending and proximal right coronary arteries with 
variable involvement of the left circumflex and left main coronary arteries: 
There was no significant difference between the two groups in severity 
or distribution of coronary arterial atherosclerosis. However, the group’ 
with right ventricular infarction had twice ‘as many recent coronary arterial - 
occlusions as did the group with left ventricular infarction and at least one 
recent coronary arterial lesion was. present in 86 percent of those with 
right ventricular infarction, compared with only 30 percent of the group 
with left ventricular infarction. The majority of the acute coronary arterial 
lesions in both groups were thrombotic, but many intramural hemorrhages 
within atherosclerotic plaques were also found. in both groups the greatest 
number of recent coronary arterial occlusions was in the proximal right 
coronary artery, but the acute lesions were distributed throughout the : 
coronary arterial tree. 





Clinically significant right ventricular infarction complicating left 

ventricular infarction is being diagnosed and treated with increasing. 
sophistication.!~> Although the incidence of right ventricular infarction 
remains uncertain, recent pathologic studies indicate that the lesion may 

be frequently associated with transmural infarction of the posterior wall. 
of the left ventricle.” In one extensive pathologic study,” a right ven- 
tricular infarction was associated exclusively with transmural postero- 

septal left ventricular infarction and occurred in 50 percent of the cases 

of transmural infarction of the interventricular septum. However, the 

reasons for the development of right ventricular infarction in only a 

fraction of the cases of transmural posteroseptal left ventricular in- 

farction remain unknown. In this study, pathologic data are presented 

relating combined right and left ventricular infarction to the patterns 

and incidence of coronary arterial atherosclerosis, thrombosis and 

hemorrhage into atherosclerotic plaques. Possible implications of these 

relations in the pathogenesis of right ventricular infarction are dis- 

cussed. 


Methods 


Criteria for right ventricular infarction: In this study, right ventricular 
infarction refers to combined right and left ventricular infarction and left 
ventricular infarction to infarction of the free wall of the left ventricle or in- 
terventricular septum, or both, without involvement of the right ventricle. The 
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criteria for the diagnosis of infarction of the right ventricle 
were necrosis, organization or fibrosis of the free wall of the 
right ventricle in the presence of atherosclerosis of the right 
coronary artery with at least 50 percent stenosis of its lumen. 
. These changes had to extend more than 1 cm into the free wall 
of the right ventricle. Scattered small foci of necrosis, often 
seen after cardiogenic or hypovolemic shock, were not in- 
cluded as infarction of the right ventricle 10u 

Cases: All 102 patients in this report are consecutive pa- 
tients who died after treatment for myocardial infarction in 
the coronary care unit at Duke University Medical Center and 
who were examined at autopsy; all were found at autopsy to 
have myocardial infarction. Thirty-five of the hearts had ev- 
idence of right ventricular infarction. 

Heart preparation: The heart. was weighed, photographed 
and X-rayed using a beryllium window X-ray unit and high 
resolution film. The orifices of the left and right coronary 
arteries were cannulated and injected with a colloidal sus- 
pension of micropaque and formalin in gelatin at a constant 
pressure of 100 mm Hg for 25 minutes. After the injection, the 
heart was again X-rayed in anteroposterior, lateral and 
oblique views. If necessary, the coronary arteries were then 
decalcified. 

Coronary arteries: The coronary arteries were examined, 
: using the radiographs as a guide, by multiple transverse cuts 
¿at intervals of 2 to 3 mm. The location and severity of ath- 

erosclerotic plaques, thrombi, hemorrhage into atherosclerotic 
plaques (intramural hemorrhage) and calcification were re- 
corded. All major branches were examined and traced until 
they were too small to visualize. Major atherosclerotic lesions, 
thrombi and intramural hemorrhage were confirmed micro- 
scopically. The recorded locations were left main, proximal 
and distal left anterior descending, left circumflex, proximal 
vand distal right and posterior descending coronary arteries. 
Anterolateral coronary arteries were recorded when they were 
present. Stenosis by atherosclerotic plaques was recorded as 
absent, less than 25 percent stenosis, 25 to 50 percent stenosis, 
-50 to 75 percent stenosis, stenosis greater than 75 percent but 
¿not complete occlusion, and complete occlusion. Thrombi and 
intramural hemorrhage were recorded as occlusive or nonoc- 
~tlusive. Calcification was recorded as absent, minimal or se- 
_ vere. Coronary dominance was determined by the artery that 
“gave rise to the posterior descending coronary artery. 
_ = Myocardial infarcts: Four equally spaced transverse cuts 
- Were made across both ventricles and the interventricular 
_-septum. Both atria and all four valves were opened. Mea- 
surements of ventricular thickness and valve diameter were 
‘recorded. Infarets as seen grossly were outlined on diagrams 
` and confirmed microscopically. At least 16 histologic sections 
-of the ventricles that were obtained from standardized areas 
were examined in each case. Routine staining was with 
~ hematoxylin-eosin, and additional sections were stained with 
‘phosphotungstic acid hematoxylin or Masson’s trichrome 
_-stain. Large histologic sections encompassing a full cross 
- section of both ventricles and the interventricular septum 
_were stained with Masson’s trichrome stain in each case. Be- 
cause all of the right ventricular infarcts were transmural, 
-their size was estimated in each case as the percentage of the 
` circumference of the right ventricle that was infarcted. Left 
ventricular infarct size was measured in 20 consecutive cases 
-as previously reported!*.!5; this series included 8 cases of right 
< ventricular infarction. All infarcts and coronary arterial lesions 
were encoded on computer-compatible forms. The patterns 
of coronary artery disease were analyzed by discriminate and 
multivariate analysis on an IBM 360/75 computer. 


Results 


Patient groups: All of the 102 hearts contained in- 
farcts of the left ventricle or interventricular septum, 
or both. Thirty-five of these hearts also contained right 
ventricular infarction, an incidence of 34 percent. These 
35 cases constitute the right ventricular infarction group 
and the remaining 67 cases represent the left ventricular 
infarction group. 

Myocardial pump failure, manifested by either car- 
diogenic shock or congestive heart failure, was the 
predominant clinical problem in both groups, with no 
significant difference in the incidence of pump failure 
or arrhythmias between the two groups (Table I). 

Features of right ventricular infarction: All right 
ventricular infarctions were transmural and, with one 
exception, involved the posterior wall of the right ven- 
tricle with varying amounts extending to the lateral and 
anterior walls. All were associated with transmural 
posterior left ventricle infarction, and 31 were also as- 
sociated with transmural infarction of the interven- 
tricular septum. Thirty of the right ventricular infarcts 
were contiguous with the associated left ventricular 
infarct. 

Five right ventricular infarcts were separated from 
the left ventricular infarcts by normal myocardium. In 
four of these cases the normal myocardium was the 
posterior interventricular septum. In the remaining 
case, the right ventricular infarction involved enly the 
lateral wall of the right ventricle. The right ventricular 
infarcts bore no discernible relation to the size of the left 
ventricular infarcts, except that they occurred only in 
the presence of transmural infarction of the pesterior 
left ventricle. Left ventricular infarct size ranged from 
8 to 72 percent of the left ventricle in the 20 cases in 
which it was measured. There was an excellent inverse 
correlation between left ventricular infarct size and 
cardiac index, and the patients with right ventricular 
infarction had a significantly higher right atrial pressure 
than those without right ventricular infarction.)2 
However, reexamination of these data revealed no 
correlation between left ventricular infarct size and the 
presence or size of a right ventricular infarct. Beth the 
largest (circumferential) and the smallest (subendo- 
cardial) left ventricular infarcts were not associated with 
right ventricular infarction. 

In all 35 cases of right ventricular infarction the in- 
farction of the right ventricle was acute. The acute in- 
farct involved approximately 80 percent of the right 
ventricle in 2 cases in which there was clinical evidence 
of severe right ventricular dysfunction! (Fig. 1); it in- 
volved 25 to 50 percent of the ventricle in 10 cases and 
10 to 25 percent in the remaining 23 cases. In addition, 
11 of these cases contained healed (fibrotic) infarcts and 
5 contained healing (organizing) infarcts of the right 
ventricle. 

Coronary circulation: The coronary circulation was 
right dominant in 80 percent of the cases in both groups. 
The predominant pattern of coronary arterial athero- 
sclerosis was stenosis of 75 percent or more of the lumen 
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TABLE | 
Clinical Features* 





Atrioventricular 








Block 
Congestive 1st or 
Cardiogenic Heart 2nd 3rd 

Shock Failure Degree Degree 

Right ventricular 46% (16) 31% (11) 23% (8) 6% (2) 
infarction 

Left ventricular 37% (25) 39% (26) 13% (9) 10% (7) 
infarction 





* The number of cases with each clinical feature is in parentheses. 
The differences are not statistically significant. 


in the proximal left anterior descending and proximal 
right coronary arteries with variable involvement of the 
left circumflex and left main coronary arteries (Table 
Il). There was no significant difference between the two 
groups in severity or distribution of coronary athero- 
sclerosis or calcification, or in the anatomy of the cor- 
onary arteries as determined by use of the chi square 
and by multivariate and discriminate analysis. 

There was a distinct difference between the two 
groups in the combined incidence of recent coronary 
arterial thrombosis and intramural hemorrhage. The 
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TABLE Il 


Coronary Arteries With 75 Percent or Greater Stenosis by 
Atherosclerosis* 














Artery 
RCA LAD LCx 
Right ventricular infarction 91% (32) 80% (28) 60% (21) 
Left ventricular infarction 66% (44) 72% (48) 51% (34) 








* The number of cases is in parentheses. The differences are not 
statistically significant. 

LAD = left anterior descending artery; LCx = left circumflex artery; 
RCA = right coronary artery. 


number of patients with recent coronary arterial oc- 
clusions was significantly higher in the group with right 
ventricular infarction, and more patients in this group 
had an acute coronary arterial lesion. At least one recent 
coronary arterial lesion was found in 86 percent of the 
patients with right ventricular infarction cases but in 
only 30 percent of the patients with left ventricular in- 
farction. Several patients had had more than one recent 
coronary arterial lesion and twice as many recent cor- 
onary arterial occlusions were present in the group with 
right ventricular as in the group with left ventricular 
infarction (Table III). 





FIGURE 1. Cross section of the ventricles near the base of the heart. The coronary arteries have been injected with contrast medium and the heart 
has been fixed in formalin. Coronary arteries filled with white contrast medium can be seen along the epicardial surface of the anterior wall of the 
left ventricle and the anterior interventricular septum. Smaller arteries can be seen within the anterior half of the interventricular septum. A small 
old subendocardia! infarct is visible as a white scar in the lateral wall of the left ventricle. An acute transmural infarct, which appears dark in the 
photograph, involves the lateral and posterior walls of the left ventricle and the posterior interventricular septum. The infarct is contiguous with 
an acute transmural infarct of the right ventricle, which involves its posterior wall, lateral wall and part of the anterior wall. 
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TABLE M 
Acute Coronary Arterial Lesions” 





Cases With Acute Nonocclusive 





Cases an Acute Occlusions Acute 
(n) Lesion! (n) (G) Lesions 
Right ventricular 35 30 32 18 
= infarction 
Left ventricular 67 20 16 15 
Infarction 





: * Includes occlusive and nonocclusive coronary thrombi and hem- 
orrhage into atherosclerotic plaques. 

: tp <0.01. 

t p <0.0001. 

$ Not significant. 

n = number. 


p <0.0005. 


The difference between the two groups with respect 
to the presence of an acute coronary arterial lesion was 
significant (p <0.01) when the chi square with Yate’s 
correction factor was used. The difference in the total 
_ number of acute coronary arterial occlusions was sig- 
nificant. (p <0.0001). When these two numbers (the 
_ difference in cases with an occlusion and the difference 
in total acute lesions) are combined into a 6 X 2 chi 
- square with Yates’ correction factor and 5 degrees of 
freedom, then p <0.0005. 
The distribution of acute coronary arterial lesions 
is shown in Table IV. Most of the acute occlusions and 
=the acute lesions without occlusion were found in the 
_ right coronary artery in beth groups. However, the acute 
_ lesions were distributed throughout the coronary arte- 
-ries and there was no statistically significant difference 
in this distribution between the two groups. Of the acute 
occlusions 56 percent were thrombotic, 32 percent were 
secondary to intramural hemorrhage and 12 percent 
_ were a combination of thrombosis and intramural 


TABLE IV l 
Distribution of Acute Coronary Arterial Lesions 





Acute Lesions Without 
Acute Occlusion Occlusion 
Right Left Right Left 
Ventricular Ventricular Ventricular Ventricular 
infarction infarction infarction infarction 











© Proximal right 
oo -@oronary artery 
Distal right 7 3 0 1 
| soronary artery 
: Posterior descending 1 1 1 1 
|) coronary artery 
Left main 1 0 
oo aceronary artery 
< Left circumflex 
~- goronary artery 
= Proxima left 
“anterior 
descending 
coronary artery 
: Distal left anterior 
x descending 
coronary 
artery 


11 7 5 10 








hemorrhage without any significant difference between 
the two groups. The significant difference between the 
groups with right and left ventricular infarction was the 
marked increase in acute lesions throughout the coro- 
nary arterial tree in the patients with right ventricular 
infarction. 


Discussior 


Incidence of right ventricular infarction: Patients 
who die in a coronary care unit are a select population, 
and this factor probably influenced the incidence of 
right ventricular infarction in our study. Other recent 
autopsy studies reported an incidence of right ventric- 
ular infarction of 43 percent in a coronary care unit 
population” and 14 percent in a more varied popula- 
tion.? The incidence of healed and healing right ven- 
tricular infarcts found in our study (16 pereent) is 
similar to the overall incidence reported by Isner and 
Roberts,® whereas our incidence ef acute right ventric- 
ular infarction associated with left ventricular infarction 
is similar to that reported in recent clinical studies using 
radionuclide imaging techniques." The severity of right 
ventricular dysfunction in the twe patients in our study 
with a very large right ventricular infarct supports the 
observations of Wackers et al.” that the size of the right 
ventricular infaret influences the severity of right ven- 
tricular dysfunction. The small number of very large 
right ventricular infarcts is also in accord with the low 
incidence of clinically significant right ventricular in- 
farction reported by Lorell et al.” 

Location: Isner and Roberts? reported right ven- 
tricular infarction exclusively as a complication of 
posterior left- ventricular infarction, whereas Erhardt? 
observed it in 10 cases of anterior infarction Our find- 
ings support those of Isner and Roberts, except that we 
did not find infarction of the interventricular septum 
in all cases of right ventricular infarction. 

Pathogenesis: role of collateral blood flow: Right 
ventricular infarction without infarction of the left 
ventricle is rarely seen at autopsy and is usually asso- 
ciated with right ventricular hypertrophy and pulmo- 
nary arterial hypertension.'4!5 Furthermore, the 
transmural distribution of collateral blood flow during 
coronary arterial occlusion may be distinctly different 
in the right and left ventricles.!© Thus, special condi- 
tions may be required for right ventricle infarction; a 
view that is supportec by the results of animal experi- 
ments.'7-!9 In the pig, occlusion cf the right. coronary 
artery consistently produced infaretion of the posterior 
left ventricle and interventricular septum but not of the 
right ventricle.!? However, when ccclusion of the right 
coronary artery. was preceded by right ventricular hy- 
pertrophy and pulmonary hypertension, infarction of 
the right ventricle followed the occlusion and collateral 
blood flow from the left anterior descending coronary 
artery to the bed of the right coronary artery was slow 
to develop.'”!? Because neither our patients nor those 
reported on in other studies’? of combined right and 
left ventricular infarction had a significant incidence 
of right ventricular hypertrophy or pulmonary hyper- 
tension, these observations on collateral blood flow may 


220 February 1980 The American Journal of CARDIOLOGY Volume 45 





be germane to an understanding of the pathogenesis of 
right ventricular infarction. 

The common pattern of atherosclerosis in our series 
Was severe stenosis or occlusion of the left anterior de- 
scending and right coronary arteries, which confirms the 
observations of Isner and Roberts.’ Because the left 
anterior descending coronary artery is the primary 
-source of collateral blood flow for the right coronary 
artery, collateral blood flow to the right ventricle may 
have been impeded in these cases.'5!9 This hypothesis 
is in aceord with the findings in experimental animals 
and in patients. Dwyer et-al.2°.reported that in patients 
with occlusion of the right coronary artery, collateral 
circulation was more extensive in those patients whose 
electrocardiograms were not diagnostic of an infarction 
of the inferior wall of the left ventricle. Correlations 
between right ventricular infarction and acute throm- 
botic occlusion of the right coronary artery have been 
noted previously in a small number of cases,”! but the 
general relation of acute coronary arterial lesions and 
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right ventricular infarction has not previously been 
reported. Our study indicates that fatal combined right 


and left ventricular infarction is associated with an 
unusually large incidence of acute coronary arterial lex — 


sions (Table III), an occurrence that should not be ag- 


cribed to cardiogenic shock or congestive heart failure ~ 


because their incidence was similar in the two groups _ 
(Table I). These acute lesions, both occlusive and non= 


occlusive, were distributed throughout the coronary. 


arterial tree, even though they occurred most commonly 


in the right coronary artery (Table IV). Bloor and a 


White”? showed that in a compromised coronary cir 
culation with complex collateral flow, an acute occlusion _ 


or stenoses will result in an abrupt reduction in collat- 


eral flow throughout the system. Thus, it- seems rea- 


sonable to suggest that acute coronary arterial lesions __ 
might lead to the development of right ventricular in- | 


farction by causing an abrupt decrease in collateral 
blood flow in severely atherosclerotic coronary arte- 
ries. 
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The clinical presentation and hemodynamic, ventriculographic and cor- 
onary arterial findings of 70 patients with left main equivalent coronary 
artery disease {70 percent or greater reduction in luminal diameter of the 
left anterior descending and teft circumflex vessels prior to any major 
branches) were compared with those of 75 patients with 60 percent or 
greater reduction in luminal diameter of the left main coronary artery. The 
group with left main equivalent disease did not differ significantly from’ 
the group with left main stenosis in any clinical descriptors including New 
York Heart Association functional class, age, sex distribution, type of 
presenting symptom or history of congestive heart failure or myocardial 
infarction. Similarly, the two groups did not differ in ejection fraction, 
cardiac index, left ventricular end-diastolic pressure, left ventricular 
end-diastolic volume index, extent of left ventricular contraction abnor- 
mality or prevalence of associated significant right coronary arterial ob- 
struction. 

Of the 70 patients with left main equivalent disease, 31 were deemed 
to be in operable condition but did not undergo coronary bypass surgery 
for 1 or more months (mean 4.2 months, range 1 to 12). With the exception 
of four patients who underwent early operation because of unremitting 
symptoms, the groups undergoing early and delayed operation did not 
differ in symptomatic state. In the interim between cardiac catheterization 
and delayed operation, no patient died and one patient (3 percent) had 
an acute myocardial infarction. These low morbidity and mortality rates 
differ strikingly from those of patients with left main stenosis reported in 
the randomized Veterans Administration study, although the patients in 
the two studies manifested comparable severity of symptoms, extent of 
left ventricular contraction abnormality and associated right. coronary 
disease. 

The results suggest that left main equivalent disease, as defined by 
obstruction of the left anterior descending and circumflex coronary ar- 
teries, does not carry the same short-term prognosis as left main coronary 
artery disease, but probably behaves more like ordinary two or, if the right 
coronary artery is also obstructed, three vessel coronary artery disease. 
in this sense, the term left main equivalent disease is a misnomer causing 
an unnecessary sense of urgency and alarm. 


Significant lesions of the left main coronary artery are known to be as- 
sociated with considerable impairment of left ventricular function and 
a large incidence of occlusive disease in other coronary vessels.!~4 These 
facts partly explain the poor survival and high early mortality rates of 
patients with such lesions.!:?4 In contrast, there have been few studies 
of left main equivalent disease, which has been called “an entity not yet 
well defined.” ë However, the term “equivalent” implies that the char- 
acteristics of this lesion, including its natural history, are comparable 
with those of left main coronary artery disease; hence, in many patients 
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with left main equivalent disease immediate coronary 
arterial bypass surgery is performed in the hope that 

“revascularization will improve survival as it does for 
patients with left main coronary artery disease.4-69 In 
this investigation we attempted to provide a better 
definition of left main equivalent disease and to assess 
and compare its hemodynamics, clinical presentation, 
and early natural history with those of left main coro- 
nary artery disease. 


Methods 


Patient Selection 


Data on all cardiac catheterization studies involving coro- 
nary arteriography performed in adults from July 1975 to June 
1978 were reviewed to identify patients with significant left 
main coronary artery disease or left main equivalent disease. 
This review yielded 75 patients with significant left main 
coronary artery disease and 70 patients with left main 

: equivalent disease. These represented 5 and 4.5 percent, re- 
spectively, of all patients undergoing coronary arteriog- 
e raphy. 
Significant left main coronary artery disease was defined 
© as 60 percent or greater reduction of luminal diameter of the 
-> left main coronary artery, with or without any combination 
“of stenotic lesions in other coronary arteries. Leff main 
equivalent disease was defined as 70 percent or greater re- 
duction in luminal diameter of the left anterior descending 
. and circumflex arteries prior to any ventricular branches or 
immediately after the first septal artery or the first marginal 
artery, or both, only if the latter vessels had 70 percent or 
“greater stenoses in their immediate proximal segment. Pa- 
tients. were not classified as having left main equivalent dis- 
ease if they had 30 percent or greater reduction in luminal 
diameter of the left main coronary artery. Although no re- 
strictions were placed on right coronary artery disease or ad- 
equacy of left ventricular function, patients with hemody- 
o namieally significant valvular heart disease were excluded 
from the study. 
Cardiac catheterization films involving multiple views of 
each coronary artery were then reviewed to confirm the 
presence of one or more of the reported lesions in the left 
-coronary arterial system and to record the severity of any as- 
‘sociated right coronary artery disease. Inclusion in the study 
requires independent confirmation of each case by all inves- 
tigators. 


Clinical Data 


Clinical presentation: The hospital records of every pa- 
tient included in the study were reviewed with respect to age, 
sex, New York Heart Association functional classification,!° 
nature and duration of presenting symptoms and history of 
previous myocardial infarction or congestive heart failure. 
Presenting symptoms were classified as chronic stable, pro- 
gressive or unstable angina pectoris. Progressive angina pec- 
toris was defined as angina that gradually increased in fre- 
quency or severity, or both, over several months; unstable 
angina pectoris was defined as angina that abruptly and 
=<‘markedly increased in severity and occurred without identi- 
fiable provocation within the preceeding 4 weeks. Previous 
= myoeardial infarction was substantiated by the presence of 
_ Q waves in electrocardiographic tracings and by documented 
- seruny enzyme changes. 

Hemodynamics: Left ventricular function was assessed by 
measuring four continuous hemodynamic variables and by 
-evaluating regional left ventricular contraction pattern. It is 
protocol at our institution to terminate administration of 
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propranolol and all long-acting nitrates approximately 10 
hours before study. Anginal pain occurring during this time 
is treated with sublingual nitroglycerin. All left ventricular 
function studies were performed prior to coronary arteriog- 
raphy. 

The four hemodynamic variables used were left ventricular 
end-diastolic pressure, ejection fraction, cardiac index and 
end-diastolic volume index. Ejection fraction w a 
biplane anteroposterior and. lateral ci 
cardiac index was obtained from duplica 
determinations and end-diastolic volume 
mined by dividing end-diastolic volume, d 
cineventriculograms, by total body surface 
ventricular contraction pattern was. asse: 
spection of each patient’s biplane cineventr 
motion was characterized as abnormal 
akinetic or dyskinetic wall motion was seen. Abno 
traction patterns were anatomically localized to four lef - 
ventricular segments: apical, anterolateral, anterior andin- 
ferior. a 
Natural history: To determine the early natural history ue 
of left main equivalent disease we studied the incidence of | 3 
myocardial infarction or death, or both, in patients with this 
disease whose condition was considered operable but whodid — 
not undergo coronary bypass surgery for 1 or more months. _ 
after cardiac catheterization. At our institution, many patients 
with left main equivalent lesions, unlike patients with ana- 
tomic left main coronary artery disease, do not undergo imo 
mediate revascularization but are discharged and maintained 
on standard medical therapy until surgery can conveniently 
be scheduled. oe 

Statistical analysis: Data are expressed as mean values” 
+ standard error of the mean. Comparisons were made using 
Student’s t test for continuous variables or chi square analysis 
for noncontinuous variables. 














Results 


Clinical presentation (Table I): Table I summa- 
rizes the clinical characteristics of the patients with left 


TABLE i 


Clinical Profiles of Patients With Left Main Equivalent 
Disease and Left Main Coronary Artery Disease 








Left Main 
Left Main Coronary 
Equivalent Artery 
Disease Disease 
Variable (70 patients} (75 patients) 
NYHA functional ‘class | (n) 
i 1(1%) 11%} 
H 8 (12%) 8(11%} 
i 30 (43%) 27 (36%) 
iv 31 (44%) 39 (52%) 
Sex (n) 

Male 57 (81%) 68 (91%) 
Female 13 (19%) 7 (8%) 
Age (mean + SEM) (yr) 54.14 1.0 55.7 + 1.1 
Mean symptom duration (mo) 48.44 5.1 55.0 + 6.4 

Symptoms {n} 
None 1(1%) 2 (2%) 
Chronic stable angina 29 (41%) 20 (27%) 
Progressive angina 20 (29%) 22 (29%) 
Unstable angina 21(31%) 371 (41%) 
History of CHF (n) 14 (20%) 20 (26%) 
History of Ml {n} §1(73%) 45 (60%) 





CHF = congestive heart failure: Mi = myocardial infarction; n = 
number of patients; NYHA = New York Heart Association functional 
class. 
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TABLE II 
© ‘Left Ventricular Function Variables in Patients With Left 


Main Equivalent Disease and Left Main Coronary Artery 
Disease 








Left Main 
Left Main Coronary 
Equivalent Artery 
Variable Disease Disease 
Hemodynamics 
Ejection fraction 
Mean + SEM 0.50 + 0.02 0.50 + 0.01 
Patients with 35 (50%) 34 (54%) 
values <0.50 (n) 
Cardiac index 
Mean + SEM (L/min 2.8 +40.1 2.8 +0.¢t 
per mĉ) 
Patients with values 19 (27%) 25 (33%) 
<2.5 L/min 
per mê (n) 
teft ventricular 
end-diastolic 
pressure 
Mean: SEM 1641 1741 
{mmHg} 
Patients with values 44 (63%) 48 (64%) 
>14 mmHg in) 
teft ventricular 
end-diastclic volume 
index 
Mean + SEM (m/m?) 10046 954 
Patients with values 24 (34%) 30 (40%) 
> 100 m/m? {n) 
Left ventricular contraction 
Hormal (n) 6 (9%) 14 (19%) 
Abnormal {n} 64 (91%) 61 (81%) 





n= number of patients; SEM = standard error of the mean. 


main coronary and left main equivalent disease. There 
were no significant differences between the two groups 
with regard to New Yerk Heart Association functional 
class, sex, mean duration of symptoms, type of pre- 
senting symptoms and history of congestive heart fail- 


ure or myocardial infarction. 


- Left ventricular function (Tables II and HI): 
Tables Iland HI summarize the hemodynamic and left 
ventricular contraction variables in the two patient 
groups. There were no significant differences between 
groups with regard to ejection fraction, cardiac index, 
left ventricular end-diastolic pressure and volume index 


TABLE Il 


-Left Ventricular Contraction Patterns in Patients With Left 
Main Equivalent Disease and Left Main Coronary Artery 
“Disease 








: Left Main 
< teft Ventricular Left Main Coronary 
Segments With Equivalent Artery 
Dysfunction Disease {n) Disease (n) 
0 (normal) 6 (9%) 14 (19%) 
1 22 (31%) 19 (25%) 
2 23 (33%) 26 (35%) 
3 14 (20%) 10 (13%) 
4 5 (7%) 6 (8%) 





n = number of patients. 
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and frequency ef normal or abnormal! left ventricular 
contraction or severity and number of abnormally 
contracting left ventricular segments. . 

Associated right coronary artery disease (Table 
IV): No significant differences were noted between the 
two patient groups in prevalence or severity of associ- 
ated right coronary disease. 

Natural history: Of the 70 patients with left main 
equivalent disease, 15 (21 percent) were judged to be in 
inoperable condition and 24 (34 percent) underwent 
coronary bypass surgery within 1 month of catheter- 
ization. In 4 of the latter patients, operation was per- 
formed early because of unremitting, severe ischemic 
symptoms in spite of maximal medical therapy; in the 
other 20 it was performed early because operative time 
was available rather than because of medical urgency. 
Of these 24 patients 13 were in functional class IV (in- 
cluding all 4 who underwent urgent operations), 7 in 
class IHI and 4 in class H. 

Thirty-one of the 70 patients (44 percent) were con- 
sidered to be in operable condition but experienced a 
delay of more than 1 month between catheterization 
and bypass surgery. During this period, they continued 
to receive standard medical therapy with nitrates and 
beta adrenergic blocking drugs. Surgery was delayed in 
these 31 patients for the following reasons: Eighteen 
patients accepted surgical recommendation immedi- 
ately but could not be accomodated in the operative 
schedule for several weeks; of these, eight were in.class 
IV, nine in class IHI, and one in class I. Nine patients 
(four in class IV, four in class HI and one in class ID) 
wished to consider their options further before making 
a commitment to surgery. Four patients (three in class 
HI and one in class I) refused recommended surgery. 
The distribution of patients by functional class in these 
groups did not differ statistically. 

Of these 31 patients who refused operation or un- 
derwent late operation 1 (3 percent) had a myocardial 
infarction and none died. The mean duration of medical 
management subsequent to cardiac catheterization was 
4.2 + 0.8 months (median 3.6 months; range 1 to 12 
months). 


Discussion 


Left main equivalent disease, as defined in this re- 
port, was associated with the same clinical presentation 
anc overall left ventricular function as significant left 
main coronary artery disease {60 percent or greater re- 
duction in luminal ciameter). The incidence and extent 
of associated right coronary artery disease were also 
similar; thus, most patients with left main equivalent 
disease had three vessel obstructive coronary artery 
disease, as is true of most patients with left main coro- 
nary disease. Of our patients with left main disease, 9 
hac associated one vessel disease, 17 associated two 
vessel disease, 46 associated three vessel disease and 3 
no associated coronary disease. 

Prognosis of left main equivalent versus left main 
coronary disease: Left ventricular function, the 
number of diseased vessels and certain noninvasive 
features (class IV angina, history of congestive failure, 
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for example) are useful predictors of survival in patients 
with coronary artery disease, including disease of the 
left main coronary artery.!!-!5 However, our study 
strongly suggests that patients with left main equivalent 
disease do not demonstrate the same natural history 
and, specifically, the high early mortality associated 
with significant left coronary stenosis. The incidence 
of myocardial infarction (3 percent) and death (0 per- 
- cent) in our 31 patients with operable left main equiv- 
alent disease who received standard medical therapy for 
more than 1 month (mean 4.2 months) after cardiac 
catheterization was appreciably lower than that of the 
53 patients with significant but operable left main 
coronary stenosis randomly assigned to a- prospective 
medical treatment group in the Veterans Administra- 
tion Cooperative Study.* At 4.2 months after random- 
ization, 8 (15 percent) of those-53 patients had died. The 
data from this large prospective randomized study are 
in close-agreement with findings in other retrospective 
medical series.!? 
The increased survival rate of our 31 patients with left 
E main equivalent disease cannot be attributed to better 
overall left ventricular function, lack of severe ob- 
_ structive disease or more favorable clinical presentation. 
__In fact, a comparison of available features (Table V) 
-reveals that class IV angina, abnormal left ventricular 
contraction, abnormal left ventricular function and 
< associated right coronary disease were more prevalent 
“nour patients with left main equivalent disease then 
in the patients with left main stenosis in the Veterans 
Administration study. However, the improved survival 
in our group may be explained by considering the lo- 
cation of the lesions. Significant stenoses of the left main 
corenary artery are particularly ominous because they 
tend to occur in association with coexisting disease of 
other major coronary vessels.!-4 Because critical ste- 
noses in series have additive effects on blood flow, mild 
progression of disease can have a catastrophic effect on 
coronary blood supply. Additionally, although inde- 
pendent stenoses of the left anterior descending and 
circumflex coronary arteries may have an apparent 
_ equivalency to a single main left lesion, these more distal 
-stenoses may change independently to alter the clinical 
situation. Thus, an abrupt change of an 80 percent le- 
‘sion of the left main coronary artery to a subtotal ste- 
nosis may have catastrophic effects on blood flow in the 
entire left coronary system, whereas a similar change 
in a lesion of the left anterior descending coronary artery 
-with a stable, coexisting 80 percent lesion in the cir- 
cumflex artery would affect only a portion of the left 
coronary system distribution. The remaining coronary 
beds might be able to compensate for the decreased 
coronary flow with new collateral vessels. 
Eighty percent of our patients with left main equiv- 
alent disease had severe triple vessel disease. Thus, our 
-« study also indicates that patients with triple vessel 
-disease amenable to surgical intervention may not ex- 
_ perience the high early mortality reported by Bruschke 
et al.!* but demonstrate a natural history more closely 
__ resembling that of patients with operable triple vessel 
disease as reported by Murphy et al. 
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TABLE IV 


Associated Right Coronary Artery Disease in Patients With 
Left Main Equivalent Disease and Left Main Coronary 
Artery Disease 











Percent Left Main 
Reduction in Left Main ‘Coronary 
Luminal Diameter of Equivalent... Artery 
Right Coronary Artery Disease (n) Disease (n) 
Normal 1(1%) BMY o 
Present but <50% 3(4%} 2 (3%) 
50 to 70% 10 (14%) 7 (9%) 
Significant disease 
70 to 90% 13 (19%) 17 (23%) 
90% to subtotal 7 (10%) 13 (17%) 
100%, proximal 31 (44%) 29 (40%) Se 
100%, mid or distal 5 (7%) 263%). 





n = number of patients. 


Implications: In our study, left main equivalent —— 
disease was associated with the same clinical presen- 
tation and overall left ventricular function as left main- 
coronary stenosis. However, our findings strongly — 
suggest that patients with left main equivalent lesions 


amenable to surgical intervention do not share the _ 


natural history and high early mortality of patients with — 
significant disease of the left main coronary artery but 


TABLE V 


Clinical and Ventricular Function Data in Patients With 
Operable Left Main Equivalent Disease (present study} and 
Medically Treated Patients With Significant: Left Main 
Coronary Artery Disease (VA study?) 








Left Main 





Left Main 
Equivalent Coronary 
Disease Artery 
{present Disease 
study} (VA study) 
in) in} 
NYHA class 
i 183%) 2 (4%) 
it 2 (6%) 19 (36%) 
il 20 (65%) 30 (67%) 
IV 8B (25%) 2 (4%) 
Age 57 years 54 years 
Duration of 
angina in months 
0-12 14 (45%) 19 (36%) 
13-24 2 (6%) 601%) 
25-60 8 (26%) 12 (23%) 
60 7 (28%) 16 (30% } 
History of prior Mi 21 (65%) 30 (67%) 
History of CHF 5 (16%) 4(B%) 
Abnormal LV size 10 (23%) 13 (25%) 
Abnormal LV contraction 28 (90%) 24 (45%) 
Ejection fraction <0.50 13 (42%) 15 (28%) 
Abnormal LV function” 28 (90%) 33 (62%) 
RCA disease with abnormal LV 28 (90%) 30 (56%) 


function 





* Left ventricular function was considered abnormal if any one of 
the following variables was present: ejection fraction less than 0.50, 
left ventricular end-diastolic pressure greater than 14 mm Hg, left 
ventricular enlargement, abnormal contraction pattern. 

CHF = congestive heart failure; LV = left ventricular; Ml = myo- 
cardial infarction; n = number of patients; NYHA = New York Heart 
Association functional class; RCA = right coronary artery; VA = Vet- 
erans Administration. 
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< demonstrate a natural history more closely resembling 
that of patients with operable two or three vessel dis- 
ease. This finding has obvious implications. Because 
“patients with left main equivalent disease are appar- 
ently not at high risk for early myocardial infarction or 
death, long-term prospective studies on the benefits of 
medical versus surgical therapy in patients with this 
lesion could be undertaken with reasonable safety. 


Furthermore, such patients need not. be hospitalized 
after catheterization in preparation for urgent surgery 
but can be discharged on standard medical therapy to 
return when surgery is conveniently scheduled. This 
practice would considerably reduce hospital costs and 
afford the patient greater opportunity for emotional 
adjustment when the option of delayed surgery is con- 
sidered reasonable or advisable. 
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The electrophysiologic characteristics of the repetitive ventricular re- _ 
sponse that followed an electrically induced single premature ventricular _ 
complex were evaluated to determine its mechanism during atrial pacing _ 
or sinus rhythm in 30 patients. Seven patients had preexisting bundle _ 
branch block. His bundle or right bundle branch deflections did not precede 
the repetitive complex in 29 of the 30 patients, which implies that the - 
proximal His-Purkinje system was not involved in the reentry circuit. In 
24 of 30 patients the QRS axis of the repetitive complex was divergent 
45° or more from the stimulated complex. In 22 of 30 patients the repe 
itive complex had a right bundle branch block configuration. In 14 of 18 _ 
patients with two or more repetitive complexes, the QRS pattern changed _ 
from beat to beat, which implies that either the reentry pathway or con- 
duction was changing. Thus, the repetitive ventricular response, which _ 
can be associated with clinically important ventricular arrhythmias, L 
probably represents intraventricular rather than proximal His-Purkinje 
system reentry. : 









Right ventricular premature stimulation during right ventricular pacing _ 
can produce reentry that. incorporates the proximal His-Purkinje system 
and bundle branches, even in normal subjects.!~4 Characteristics of this 
reentry within the proximal His-Purkinje system have been summarized _ 
by other authors! to include the following: (1) His bundle deflections 
(He) precede the reentry beat (V3). (2) Time from onset of premature — 
ventricular stimulus to retrograde His bundle activation (V2-He interval) 
is prolonged. (3) The interval from retrograde His bundle deflection to. 
the reentry QRS complex (H-V; interval) is normal or prolonged. (4) 
The QRS configuration of the reentry complex (V3) is often similar to: 
that of the paced complex, that is, a left bundle branch block, left axis 
deviation configuration. (5) The premature stimulus (S2), which induces 
a premature ventricular complex (V2), which in turn may initiate a third 
spontaneous reentry complex (V3), often must be closely coupled to the 
basic driving ventricular stimulus (S,), presumably causing retrograde 
block in the right bundle branch. (6) Most often the reentry is not sus- 
tained and it consists of only a single complex (Va phenomenon). (7) 
Bundle branch or proximal His-Purkinje system reentry occurs com- 
monly in any normal or abnormal subject with normal intraventricular 
conduction, but it is rare in patients who have preexisting bundle branch 
block. 
We have defined the “repetitive ventricular response” as the pro- 
duction of two or more ventricular premature complexes in response to. 
a single ventricular pacing stimulus during sinus rhythm or atrial pacing. 
The repetitive ventricular response has identified a predisposition to 
spontaneous ventricular arrhythmias—a form of ventricular electric 
instabilitv—in certain groups of patients.® Other investigators have 
suggested that initiation of sustained ventricular arrhythmias by other 
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programmed stimulation techniques correlates with 
spontaneous rhythm disturbances in these same pa- 
tients and that normal subjects without spontaneous 
ventricular arrhythmias will not have sustained ven- 
tricular arrhythmias induced by this type of testing.7-9 
Elimination of the repetitive ventricular response (as 
we have defined it) by intravenous aprindine, an ex- 
perimental antiarrhythmic agent, was associated with 
the long-term success of aprindine given orally.!° 
However, questions have arisen!!!? regarding the 
mechanism of production of the repetitive ventricular 
response as we have defined it. We® have suggested that 
the predictive value of the repetitive ventricular re- 
sponse during atrial pacing or sinus rhythm must de- 
pend on a mechanism of reentry different from proximal 
His-Purkinje or bundle branch reentry. In this study we 
evaluated the mechanism of production of the repetitive 
ventricular response elicited during atrial pacing or 
sinus rhythm in 30 patients. 


Methods 


Study patients: The records of all patients who underwent 
any type of intracardiac electrophysiologic stimulation or 
recerding studies, or both, between September 1975 and 
March 1979 at The Johns Hopkins Hospital were reviewed 
(Table I). Fwo hundred twenty-one patients were tested for 
the repetitive ventricular response, as previously described,® 
and 92 patients were found to have it. In 30 of the 92 patients 


<> an additional catheter had been positioned to allow recording 


of His bundle or right bundle branch potentials, and these 30 
patients form the basis of this report. Findings in these 30 
patients are compared with findings in the total group of 92 
patients with the repetitive ventricular response to demon- 
strate that the two groups are comparable in all other re- 
spects. : 
Electrophysiologic technique: All patients were in a 
postabsorptive and nonsedated state at the time of the elec- 
traphysiologie study. Informed consent was obtained, and all 
: drags known to affect cardiac conduction or refractoriness 
were discontinued 48 hours before the study, except in the 
patients with ventricular tachycardia who had a second 
electrophysiologic study while taking oral antiarrhythmic 
- agents chronically. Electrode catheters were inserted percu- 
taneously or by a cutdown in the femoral or antecubital veins 
and were positioned in the right atrium and right ventricle. 
An additional catheter was positioned to record His bundle 








or right bundle branch potentials. The ventricular catheter 
was first positioned at the apex of the right ventricle so that 
there were no mechanically induced premature complexes. 

Pacing stimuli were 0.9 ms in duration at twice diastolic 
threshold and never greater than 4.0 mA. Either the right 
atrium was paced at a 700 ms interval or the patient was al- 
lowed to remain in a condition of spontaneous sinus rhythm. 
A single ventricular stimulus was introduced every eighth 
beat, initially at the QRS complex, and was progressively 
moved toward-the preceding T wave by 10 to 20 ms intervals 
until it reached the end of the T wave, when it was further 
moved toward the peak of the T wave in 1€ ms intervals. 
Electric diastole was scanned with the ventricular stimulus 
in this manner until ventricular refractoriness was reached 
or until repetitive ventricular responses were produced, These 
responses were defined as two or more ventricular premature 
complexes in response to a single ventricular stimulus that 
were reproducible and obtained while the catheter was in a 
stable position free of mechanically induced ventricular 
complexes. At. similar coupling intervals the repetitive re- 
sponses were observed at least twice, and almost always three 
times, in order to be considered reproducible. A second posi- 
tion in the right ventricle (usually the right ventricular outflow 
tract) was stimulated in this manner if repetitive ventricular 
responses were not identified in the first position. 

Multiple surface electrocardiograms (leads I, H, IH, aVR, 
aVL, aVF and V; with or without other precordia! leads) and 
intracardiac electrograms {right atrial and His. bundle or right 
bundle branch electrograms) were recorded simultaneously 
with an Electronics for Medicine VR-12 physiologic recorder 
and stored on a Hewlett-Packard model 3963 FM magnetic 
tape recorder for subsequent review. Cardiac stimulation was 
accomplished with a programmable digital stimulator and 
isolated constant-current source {Bloom Associates}. 

Characteristics of repetitive ventricular responses: 
Conduction system deflections: In all 30 patients in whom 
either a His bundle or right bundle branch deflection was 
being recorded during the stimulation techniques, the pres- 
ence or absence of a His bundle or right bundle deflection 
between the stimulated and repetitive complexes was ascer- 
tained. Although absence of conduction system deflections 
can result from catheter movement. or fracticnation and 
subsequent loss of amplitude of potentials, the patients were 
carefully evaluated for these phenomena. All patients included 
in this report had reliable recordings of His or right bundle 
potentials obtained while catheter positions were stable. 

QRS configuration: The frontal or horizontal plane QRS 
axis, or both, was evaluated to determine whether the QRS 








TABLE | 
Steady Patient Characteristics 
Patients With Symptomatic 
Ventricular Tachycardia Patients. With 
ischemic Heart 
No Oral Survivors Disease: No 
Antiarrhythmic Antiarrhythmic of Recent Normal Recent MI 
Patients (n) Total Drugs Drugs Acute MI Subjects or Arrhythmias 
Total tested 221 77 25 61 22 36 
With repetitive 92 66 3 22 0 1 
ventricular response 
With repetitive 30 24 Q 6 0 0 
ventricular response 
with HBE or 
RBE recordings 








HBE = His bundle electrogram; MI = myocardial infarction; RBE = right bundle electrogram. 
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configuration of the repetitive complexes was similar to the 
‘QRS configuration of the complex induced with electric 
Stimulation from the right ventricular catheter. Results were 
expressed as the change in degrees of frontal or horizontal 
plane QRS axis (whichever was greater) between stimulated 
and repetitive complexes. 

* -Q-stimulus/Q-T ratio: The prematurity of the ventricular 
“pacemaker stimulus required to elicit the repetitive ventric- 
ular response was expressed by the ratio of the interval from 
the onset.of the Q wave of the preceding QRS complex to the 
stimulus of the electrically induced complex (Q-stimulus) to 
the Q-T interval for that patient, measured in the multiple 
simultaneously recorded electrocardiographic leads. Thus, 
ifa closely coupled stimulus elicited the repetitive ventricular 
response, the Q-stimulus/Q-T ratio would be low. If a stimulus 
late in diastole elicited the repetitive response, the Q-stimu- 
lus/Q-T ratio would be high. 

Number of sites tested: Patients were classified according 
to whether the repetitive ventricular.response was elicited at 
the first or second right ventricular pacing site. The first site 
was the right ventricular apex, and in those patients whose 
repetitive response was not elicited. in the first site, the second 
site was either the right ventricular outflow tract or right 
ventricular inflow tract. 

' umber of repetitive complexes: The maximal number of 
“repetitive complexes after the electrically induced complex 
was counted in each patient with attention to (1) whether His 
_ bundle or right bundle deflections were associated with sub- 
sequent QRS complexes, and (2) whether the QRS frontal or 
-horizontal plane axis was changing in subsequent com- 
plexes. 

Complications: Among the 221 patients tested for the re- 
petitive ventricular response who form the basis of this report, 
sustained ventricular tachycardia developed in 4 patients (1.8 
percent) during testing, requiring either overdrive pacing (1 
patient) or external electric cardioversion (3 patients). None 
of the four patients had any sequelae from these arrhythmias 
or from cardioversion. No other complications occurred during 
this study. 














TABLE il 
Patients With Repetitive Ventricular Response 
e 30 Patients Total 
With HBE Group 
or RBE of 92 
: Recordings Patients 
Age (yr) 
Mean 54 13 54+ 16 
Range 21-80 21-76 
Coronary artery disease 25 (83%) 69 (75%) 
Cardiomyopathy 4(13%)} 19.(21%) 
Mitral valve prolapse 1(4%) 4(4%) 
Survivors of spontaneous VF 11(387%) 21 (23%) 
Syncope due to VT 4(13%) 7 (8%) 
Ejection fraction 
Mean 0.46 + 0.15 0.49 + 0.16 
Range 0.20-0.68 0.20-0.84 
H-V interval {ms} 54414 52+ 13 
Angle between stimulated and 122° + 60° 108° + 60° 
repetitive ORS axes 
Q-stimulus/Q-T ratio 1.19 + 0.30 1.144 0.28 
Patients with two right 3(10%) 13 (14%) 
“ventricular sites tested (n) 
More than one repetitive beat 16 (53%) 44 (48%) 





< HEV = time from onset of His deflection to onset of QRS; Q-stimu- 
_ lus/Q-T = interval from onset of ORS to stimulus that elicits repetitive 
_ ventricular response divided by Q-T interval; VF = ventricular fibrillation; 
_VT = ventricular tachycardia; + = standard deviation. 


OOMEFETILIVE: VENTRIGULAR RESPONSE--GHEENE EP ALS 


Results 
Patient Characteristics 


Patients with the repetitive ventricular response 
who had evaluation of His or right bundle branch 
deflections (n = 30): These results are presented in 
Tables I and IT. Eleven of these patients had survived 


an episode of ventricular fibrillation not associated with 
an acute myocardial infarction, and an additional four 
patients had experienced syncope due to sustained 
ventricular tachycardia documented by Holter or cor- 


onary care unit monitoring. 
All patients with the repetitive ventricular re- 
sponse (n = 92): There were 22 survivors of an acute. 


myocardial infarction who had the repetitive ventricular 


response. The mean time from myocardial infarction 
to study (+ standard deviation) was 31 + 30 days (range 
8 to 120). Of the 69 patients with recurrent symptomatic. 
ventricular tachycardia and the repetitive response, 21 
had survived an episode of cardiac arrest requiring 
cardiopulmonary resuscitation; the episode was ac- 
companied by documented ventricular. fibrillation or- 
hypotensive ventricular tachycardia not associated with 
an acute myocardial infarction. An additional seven 
patients had experienced syncope due to ventricular 
tachycardia documented on ambulatory or continuous” 
coronary care unit monitoring. Among the 40 patients 


with coronary artery disease, old myocardial infarction = 
and recurrent symptomatic ventricular tachycardia, the 


time from the most recent myocardial infarction to 
study ranged from 14 days to 24 years. 

In the total group of 92 patients with the repetitive 
ventricular response, therefore, 69 patients had coro- 
nary artery disease with a mean of 1.4 + 1.0 (range 0 to 
5) myocardial infarcts. Only six patients with coronary 
artery disease had never had a myocardial infarction 
diagnosed clinically. No normal subjects had the re- 
petitive ventricular response. 


Characteristics of the Repetitive Ventricular Response 
(Tables il through V) 


Conduction system deflections: Of the 30 patients 
who had recordings of His bundle or right bundle 
branch deflections, 29 had findings suggesting that 
proximal His-Purkinje system or bundle branch reentry 
was not the mechanism for the repetitive ventricular 
response (Fig. 1 through 5, Table HD. 


TABLE ili 


Association of Conduction System Deflections With 
Repetitive Complexes 








Present in 
Atrial Rhythm 
and Absent 
Before 
Preceding Within Repetitive 
QRS QRS Complex 

His bundle 1 6 19 
Right bundie branch 0 3 1 
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“TABLE IV 


Angle Between ORS Axis* of Electrically Stimulated and 
Repetitive Complexes 











Patients With Repetitive 
Ventricular Response 
30 Patients With 
Recording of 
Conduction Tota! 
System Group 
Angle {°} Deflections of 92 Patients 
0-44 6 19 
45-90 4 17 
91-135 5 18 
136-180 15 38 
245 24 73 
Mean angle + SD 122 + 60 108 + 60 





* Maximal axis shift in either horizontal or frontal plane. 
RVR = repetitive ventricular response; SD = standard deviation. 


In 25 patients the His bundle deflections were present 
when the patient had sinus rhythm, but could not be 
identified before the repetitive complex occurred. In six 
of these patients the His potential could be identified 
within the QRS deflection of the repetitive complex. 

In four additional patients in whom a right bundle 
branch deflection was recorded, the right bundle branch 
potential did not precede the repetitive complex. In 
three of these patients the right bundle potential could 
be identified within the QRS deflection of the repetitive 
complex (Fig. 2, bottom) and in one patient it could not 
be identified before or within the repetitive complex. 
In one of these four patients a His bundle deflection was 
also identified within the QRS complex of the repetitive 
beats (Fig. 3). Although recording of a right bundle 
branch potential within the repetitive complexes in 
these three patients does not ensure that bundle branch 
reentry is not occurring, the surface QRS pattern in the 
first repetitive complex had a right bundle branch block 
pattern, and in three of these four patients successive 

repetitive complexes had a different QRS configuration 

with the right bundle deflection still located within the 

QRS complex. Although these findings are still less than 

absolutely confirmatory, their pattern does not fit the 

findings most commonly reported for bundle branch 
` reentry. 

In only one patient did a His bundle deflection occur 
between the induced and repetitive QRS complexes 
with retrograde V-H prolongation, finding compatible 

- with reentry within the proximal His-Purkinje system.” 
However, in this patient the repetitive complex did not 
havea left bundle branch block configuration. In 9 of 
10 patients in whom a retrograde His or right bundle 
(RB) deflection was positively identified, retrograde 
Vo-Hy or Vo-RB» delay was not necessary for the pro- 
duction of the repetitive response. In the remaining 20 
patients, His.and right bundle deflections were recorded 
during anterograde conduction but were absent before 
the repetitive complexes. Therefore, retrograde Vo-H2 
or V2-RBe delay did not seem to be necessary for the 
repetitive ventricular response. 


TABLE V 


Maximal Number of Repetitive Complexes After the 
induced Complex 











Patients With Repetitive 
Ventricular Response 
20 Patients With 
Recording of 
Conduction Total 
Repetitive Sysiem Group 
Complexes (r) Deflections of 32 Patients 
1 14 48 
2 2 11 
3-5 8 17 
6-10 0 2 
11-20 o 1 
>20 § 13 





The His-Purkinje system was, in fact, diseased in 
some patients. The mean H-V interval for the 30 pa- 
tients in whom His or right bundle potentials were” 
evaluated during ventricular stimulation was 54 + 14 
ms. However, in only four patients was the H-V interval 
greater than 60 ms. In the entire group of 92 patients 
with the repetitive response, the H-V interval was 52 + 
13 ms. Fractionated His bundle potentials were care- 
fully sought. If catheter mcvement or fractionation of 
potentials was suspected, the catheter position was 
adjusted and stimulation was repeated with careful 
attention being paid to low-voltage potentials between 
stimulated and repetitive beats recorded from the His 
bundle catheter. 

QRS configuration: Of the 30 patients who had His 
or right bundle potentials monitored during ventricular 
stimulation, 4 had preexisting right bundle branch block 
and 3 had preexisting left bundle branch block. Simi- 
larly, in 13 of the total of 92 patients with repetitive 
ventricular response either right (8 patients) or left (5 
patients) bundle branch block was manifested in the- 
surface electrocardiogram. during normal sinus 
rhythm.. 

The angles between the QRS axis of the electrically 
induced complex and the repetitive complex are 
summarized in Table IV. In 22 of the 30 patients who 
had His bundle or right bundle branch. potentials 
monitored during ventricular stimulation, the repetitive 
complex had a right bundle branch block configuration. 
The repetitive complexes alse had this configuration in 
51 of the 92 patients with the repetitive ventricular re- 
sponse. 

Q-stimulus/Q-T ratio: In the 30 patients evaluated 
with His or right bundle recordings the mean Q-stim- 
ulus/Q-T ratio was 1.19 + 0.30. In 64 of the 92 patients 
with the repetitive ventricular response, the Q-stimu-_ 
lus/Q-T ratio was 1.0 or greater; in 73 patients the ratio ` 
was 0.9 or greater. Local conduction delay (latency) was 
not required to produce the repetitive responses. 

Number of sites tested: In 13 (14 percent) of the 
total group of 92 patients testing of a second right ven- 
tricular site was necessary to produce the repetitive 
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= FIGURE 1. Repetitive ventricular re- 
"sponse. Leads |, I, Ill, aVL, V4, right 
atrial (RA) and two His bundle electro- 
grams {HBE) are simultaneously re- 
corded. Top, a single premature ven- 
tricular stimulus {V stimulus) evokes a 
single repetitive response having a 
morphologic pattern different from that 
of an electrically stimulated complex. 
His bundie deflections (H) precede the 
‘QRS complexes during atrial drive and 
anterograde conduction, but His bundie 
deflection cannot be identified between 
` stimulated and repetitive complexes. 
Bottom, the ventricular stimulus 
(arrow) is nearer the T wave and two 
repetitive responses of the sarne con- 
juration result. The repetitive re- 
`- “sponses have a different configuration 
— from that of the electrically stimulated 
complexes and no His bundle deflec- 
tions (H) can. be identified before the 
< repetitive complexes. 











FIGURE 2. Repetitive ventricular re- 
_ sponse. Leads |, tl I) aVL, aVF, and V4 

and right atrial (RA) and three ventric- 
. -yular electrograms (RV) are recorded 

simultaneously. Right bundle branch 
potentials (RB) are recorded in the latter 
electragrams. Top, a single ventricular 
stimulus during atrial drive {V stimulus) 
produces only a single premature 
ventricular complex (PVC), but (bot- 
tom) a stimulus closer to the T wave 
results in a short burst of ventricular 


e tachycardia. During this tachycardia the 


-QES configuration is different from that 
<- of the stimulated complex, and right 
_- bundle potentials occur within the QRS 

-— eomplex, thus implying that the reentry 
athway does not include the right 
undle branch. Large time lines occur 
at 50 ms intervals. 
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FIGURE 3. Same patient as in Figure 2 during sustained ventricular 
rhythm. The right ventricular catheter had been withdrawn slightly and 
His bundle potentials (H) are being recorded within the QRS complex 
in the lowest electrogram. The solid vertical line marking the onset of 
the last QRS complex on the right illustrates that both His bundle and 
right bundle branch deflections followed the onset of the QRS complex. 
thus implying that the conduction system was being activated inci- 
dentally and that the His-Purkinje system was not incorporated in the 
reentry circuit. Further evaluation of this patient for accessory atrio- 
ventricular conduction pathways failed to produce any evidence for 
accessory pathways active in either an anterograde or retrograde di- 
rection. Unidentified abbreviations as in Figures 1 and 2. 


ventricular response. In those 13 patients the QRS axis 
between the stimulated and repetitive complex was 125 
+ 63°. In addition, the repetitive complex had a right 
bundle branch block configuration in seven of these 
patients. 

<-> .. Number of repetitive complexes: Sixteen of the 30 
patients who had His bundle or right bundle branch 
potentials monitored during ventricular stimulation had 
more than one repetitive complex and in 14 of these 16 
patients the QRS configuration was changing. In the 


a total group of 92 patients, 48 had only one repetitive 


-= eomplex after the stimulated complex (Table V). If this 
-finding was reproducible, further stimulation was not 
performed. However, 27 of the 44 patients who had 


-more than one repetitive complex had QRS complexes 


-that were changing on subsequent repetitive complexes, 


. _ which implies that the reentry pathway or conduction 


. was Changing. More than one repetitive complex was as 
common in patients who were as in those who were not 
_ evaluated with the additional His or right bundle re- 

--cordings. 
` Evidence for absence of proximal His-Purkinje 
or bundle branch reentry: All 30 patients with the 
repetitive ventricular response who had His bundle or 
right bundle branch recordings had one or more findings 


: suggesting that His-Purkinje or bundle branch reentry 
was not the mechanism for the repetitive complexes: (1) 


absence of a His bundle or right bundle deflection pre- 
ceding the repetitive complexes; (2) complexes diverging 
45° or more from stimulated complexes if stimulation 





FIGURE 4. Repetitive ventricular response. Leads | ard aVL recorded 
simultaneously in a patient who had no His bundie recordings during 
the ventricular stimulation studies. 4 single ventricular stimulus (arrow) 
during sinus rhythm evokes four repetitive responses after the elec- 
trically stimulated complex. The QRS pattern of the repetitive com- 
plexes is different from that of the st: mulated complex and it changes 
slightly from complex to complex. 


was performed at the apex of the right ventricle, or not 
exhibiting a left bundle branch block and ‘eft axis de- 
viation pattern if stimulation was performed elsewhere; 
(3) right bundle branch block configuraticn of the re- 
petitive complexes; (4) a continuously changing QRS 
pattern in the presence of more than one repetitive 
complex; or (5) lack of critical V-H; prolongation 
necessary for proximal His-Purkinje reentry. In only six 
patients could proximal His-Purkinje or bundle branch 
reentry possibly have been responsible for the repetitive 
complexes. On the other hand, none of the entire group 
of 30 patients met all of the criteria for proximal His- 
Purkinje or bundle branch reentry. The repetitive 
ventricular response occurred in the presence or absence 
of preexisting conduction defects; it oceurred both in 
patients who had and in those who had not experienced 
spontaneous ventricular fibrillation; and it occurred 
both in the presence and absence of coronary artery 
disease and myocardial infarction. 


Discussion 


Most patients with chronic and recurrent sustained 
ventricular tachycardia can have ventricular rhythm 
disturbances initiated in the electrophysiology labora- 
tory with timed ventricular premature stimulation, 91314 
Wellens?? and Josephson®-5 and their co-workers were 
able to initiate and terminate ventricular tachycardia 
reliably in these patients. However, other investigators!® 
were unable to reproduce consistently the patients’ 
arrhythmias. All of these studies used multiple ven- 
tricular stimulation in an attempt to produce sustained 
ventricular tachycardia. Mason and Winkle!” and Ho- 
rowitz et al.!5 demonstrated that a drug that sappresses 
the ability to induce ventricular tachycardia in the 
electrophysiology laboratory will likewise suppress 
spontaneous ventricular tachycardia when that drug is 
given for long periods. All of these studies represent a 
form of electrophysiologic “stress testing” to expose 
ventricular electric instability, that is, the propensity 
to spontaneous ventricular arrhythmias. Our technique 
for eliciting the repetitive ventricular response to expose 
ventricular electric instability perhaps represents a 


232 February 1980 The American Journal of CARDIOLOGY Volume 45 


ae 
. yr 
HBE aon 


milder form of stress than multiple sequential ventric- 
ular stimuli since sustained ventricular tachycardia is 
-not required as an end point. With atrial pacing or sinus 
- -thythm, simply the production of repetitive ventricular 


© complexes after a single ventricular stimulus has been 


: used-as an indicator of ventricular electric instability 
_ and has been shown to have predictive value in (1) 


survivors of a recent myocardial infarction® and (2) 


_ patients with chronic recurrent ventricular tachycardia 
< treated intensively with aprindine, an investigational 
antiarrhythmic drug.'” 

Bundle branch reentry: Several groups of investi- 
gators! have defined characteristics of reentry within 
the proximal His-Purkinje system that can be elicited 
even in norma! subjects. With constant-rate ventricular 
pacing followed by ventricular premature stimulation, 
reentry within the His-Purkinje system can occur when 
there is a critical delay between the ventricular pre- 
mature stimulus and the retrograde His-Purkinje sys- 
tem activation (“re-HPS”, the “V3 phenomenon” 
“bundle branch reentry”). This technique of ventricular 
drive with ventricular premature stimulation has been 


eu used to evaluate the characteristics of reentry within the 





- proximal His-Purkinje system and the effects of drugs 
on reentry in this tissue. This type of reentry is relatively 
‘common and can be seen in most patients with normal 
intraventricular conduction. The reentry circuit is most 
often dependent on retrograde conduction block in the 
right bundle with conduction through ventricular 
muscle to the left bundle, retrograde progression of 
activation to the area of the His bundle, and anterograde 
propagation of the impulse down the right bundle, 
which has regained conductivity. This type of reentry 
often produces a QRS configuration of a left bundle 
branch block, similar to that of the paced complexes 
from the apex of the right ventricle, although other 
patterns of reentry have been described. Rarely does 
this type of reentry produce sustained ventricular 


= tachycardia. 


Intraventricular reentry: Josephson and col- 
_ leagues®-!5 have defined another type of reentry, which 
- they have termed “intraventricular reentry,” differing 

: from “bundle branch reentry.” In their studies in pa- 


FIGURE 5. Repetitive ventricular re- ` 
sponse in another patient during sinus 
rhythm. Surface leads i; i aVL and V 
are recorded simultaneously with a His- 
bundle electrogram (HBE). His bundle: ` 
potentials (H) are associated with QRS 
complexes conducted in anterograde 
manner. The arrow indicates a single 
ventricular extrastimulus late in dias- 
tole. Three repetitive complexes follow- 
the electrically induced complex. The. 
first two have a QRS configuration 
similar to that of the electrically induced. 
complex, whereas the last repetitive: 
QRS complex has a slightly different: 
: configuration. His bundie potentials are. - 
H! not associated with any of the repetitive: — 
i : complexes. ; 


tients with chronic ventricular arrhythmias, ventricular 
tachycardia that did not require reentry within the- 
proximal His-Purkinje system could reliably be ine — 
duced. Retrograde conduction block in the right bundle _ 
branch was not necessary for initiation of ventricular — 
tachycardia, and a retrograde Vo-Hy delay likewise was 
not required. The QRS configuration of the ventricular: - 
tachycardia induced by electric stimulation was similar 
in most cases to that of the spontaneous ventricular. 
tachycardia for which the patient had been referred for — 
study. These investigators were able to initiate and 
terminate the tachycardia reproducibly with pro- 
grammed stimulation, and this finding implies a reentry 
circuit. Other evidence suggested that the reentry site- 
was a small portion of the ventricles. Sustained ven-. 
tricular tachycardia could most reliably be produced: 
with ventricular premature stimuli introduced during 
ventricular drive, whereas only rarely was sustained 
ventricular tachycardia induced by single or double 
ventricular stimuli during atrial drive or sinus rhythm: 
We have also noted a greater incidence of sustained 
ventricular tachycardia in patients with chronic ven- 
tricular tachycardia during ventricular drive and single 
or multiple ventricular premature stimulation than 
during atrial drive and single premature ventricular 
stimulation. In addition, nonsustained intraventricular 
reentry can often be elicited with single ventricular 
premature stimulation during ventricular drive when 
it could not be obtained during atrial drive or sinus 
rhythm. 

Repetitive ventricular response in patients with 
recurrent sustained ventricular tachycardia: 
Reentry within the proximal His-Purkinje system thus 
seems common in normal subjects with ventricular 
pacing and ventricular drive, but sustained ventricular 
tachycardia rarely ensues. In patients who have a his- 
tory of ventricular tachycardia or who are at risk of 
subsequent development of ventricular tachycardia, 
sustained ventricular tachycardia may occur during 
electrophysiologic testing with ventricular premature 
stimulation, but this phenomenon frequently represents 
intraventricular reentry, which does not utilize the 
proximal His-Purkinje system.'9 It seems unusual that 
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° the repetitive response, as we have defined it, has not 
been observed in other laboratories with ventricular 
drive and premature ventricular stimulation. However, 
it does not occur in normal subjects and it rarely occurs 
even in the patient with coronary disease, except in the 
survivor of a recent myocardial infarction who is at high 
tisk of late symptomatic ventricular tachycardia or 
_ sudden death. It occurs most predictably in the pa- 
tient with recurrent sustained ventricular tachycardia. 

Ventricular pacing with ventricular premature 
stimulation may establish ideal circumstances for ret- 
rograde block within the right bundle branch to allow 
proximal His-Purkinje system reentry, whereas ven- 
tricular premature stimulation during atrial drive or 
sinus rhythm would tend to make His-Purkinje system 
reentry less likely. With anterograde propagation of the 
impulse through the His-Purkinje system (during atrial 
drive or sinus rhythm), premature ventricular stimu- 
lation may fail to find the right bundle branch or other 
divisions of the His-Purkinje system refractory at a time 
conducive to reentry within this system. 

Our study demonstrates that the repetitive ventric- 
ular response obtained during atrial drive or sinus 
rhythm is not dependent on retrograde V-H delay. In 
only 1 of 30 patients was a retrograde His bundle de- 
flection present before the ventricular reentry complex. 
"< Even in this single patient, other characteristics of the 
_ reentry (the QRS configuration) suggested that reentry 

was not occurring within the bundle branches, but that 
the bundle branches were coincidently being activated 
simultaneously, while the reentry was occurring else- 
where. Although surface QRS patterns can be mis- 
leading when one is trying to ascertain the site of the 


-= origin of a QRS complex, in most patients the surface 


= QRS configuration of the repetitive complex suggested 
reentry on the left side of the heart with a right bundle 
branch block pattern and QRS axis dissimilar to the 
QRS axis of the stimulated complex. 

Akhtar and colleagues? reported differing routes of 
impulse propagation during reentry within the proximal 
: -His-Purkinje system in human subjects. However, only 

-15 percent of their patients had reentry with a right 
- bundle branch block pattern. In addition, 13 of our 
patients had preexisting bundle branch block during 
sinus rhythm, which would make reentry within the 
proximal His-Purkinje system less likely. Similarly, the 
-= QRS configuration was commonly changing in our pa- 
tients with more than one repetitive complex, implying 
~ that reentry was not occurring repetitively within the 
- same His-Purkinje system circuit. Likewise, a low Q- 
< stimulus/Q-T ratio (close coupling interval) was seldom 
required for initiation of repetitive ventricular re- 
_ sponses, a condition that is usually required for reentry 
within the proximal His-Purkinje system where retro- 
~ grade block in the right bundle is necessary.! 

Local reentry in diseased ventricular muscle: We 
postulate that the repetitive ventricular response as we 
have defined it represents reentry within diseased tis- 
sue, perhaps terminal Purkinje fibers, ventricular 
muscle or, in many cases, a ventricular aneurysm or scar 


because many of our patients had a history of recent or 
remote myocardial infarction. Although the overall 
ejection fraction was normal in many patients, all but 
one patient had an abnormal! left ventricular contraction 
pattern on angiography with localized disease of ven- 
tricular muscle. Supporting the concept that diseased 
tissue is necessary for the repetitive ventricular response 
is our finding that other patients without fixed myo- 
cardial disease and who have a history of ventricular 
arrhythmias during certain transient phenomena do not 
have the repetitive ventricular response under basal 
conditions. This was true in four of our patients with 
coronary arterial spasm-induced ischemia and four 
patients with fixed coronary arterial obstructive disease 
without myocardial infarction but with ventricular 
tachycardia during exercise-induced ischemia. It ap- 
pears that the repetitive ventricular response is absent 
unless there is fixed disease of ventricular muscle or 
unless ischemia is produced with provocative maneuvers 
(induction of coronary arterial spasm with ergonovine 
or induction of ischemia with exercise or atrial pacing). 
In addition, only 1 of our 36 patients with coronary ar- 
tery disease without myocardial infarction had the re- 
petitive ventricular response in the absence of pacing- 
induced ischemia, although proximal His-Purkinje 
system reentry can be produced with ventricular pacing 
and ventricular premature stimulation in these patients 
as it can be produced in normal subjects. 

Role of electrophysiclogic testing: prognostic 
value: These findings highlight the concept that in 
many patients there are at least two factors that gen- 
erate ventricular arrhythmias: (1) an initiating event, 
such as a premature ventricular depolarization, and (2) 
a substrate on which the initiating event can work to 
produce a sustained, clinically important arrhythmia. 
In the electrophvsiology laboratory the initiating event 
is artificial—the introduction of ventricular premature 
stimuli. These testing procedures cannot easily repro- 
duce the spontaneous events that initiate out-of-hos- 
pital clinical rhythm disturbances. Moreover, although 
these testing procedures can expose a chronie substrate 
for ventricular arrhythmias, even the substrate may 
change with acute events such as the induction of 
ischemia. Therefore, the value cf these electrophysio- 
logic tests may be Hmited by the inability te simulate 
either (1) those transient factors that may provide the 
initiating event, or (2) the acutely altered substrate 
necessary for the spontaneous generation of a clinical 
rhythm disturbance. 

Nonetheless, it would seem that the mechanism of 
reentry is important to any prognostic value of these 
electrophysiologic iests. Repetitive complexes char- 
acteristic of proximal His-Purkinje reentry that are 
induced during ventricular drive and ventricular pre- 
mature stimulation eccur commonly in normal persons 
and are generally of no prognostic singificance. These 
repetitive complexes are usually not sustained to pro- 
duce ventricular tachycardia. On the contrary. reentry 
that does not utilize the proximal His-Purkinje system 
and that results in sustained ventricular tachycardia 
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during ventricular drive and ventricular premature 
stimulation is seen only in patients with a history of 
ventricular tachycardia or in patients with electrically 
unstable ventricles. “Repetitive ventricular reponses” 
during atrial drive or normal sinus rhythm occur by a 


- mechanism of reentry that does not appear to involve 


: / the proximal His-Purkinje system. Whether it is nec- 
“essary to produce sustained intraventricular reentry for 
~ electrephysiologic testing procedures to have prognostic 


value for spontaneous arrhythmias is unknown. Un- 


sustained intraventricular reentry itself may be suffi- 
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“His-Purkinje reentry”) in future studies. -o 
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The presence or frequency of ventricular premature complexes during 
exercise is not highly predictive for identifying patients with coronary 
artery disease. To determine whether the morphologic features or axis 
of exercise-induced ventricular premature complexes may increase this 
predictability, a study was made of 63 symptomatic patients with coronary 
artery disease (electrocardiographic evidence of infarction or occlusive 
lesions seen on coronary angiography, or both) and 10 control patients 
with normal coronary arteriograms. in 48 of the 63 patients with coronary 
artery disease the exercise-induced ventricular premature complexes 
had a superior frontal plane QRS axis between —30° and —120°; in 12 
the axis was between —30° and + 150°, and in 2 the axis was indeter- 
minate, between + 150° and — 120°. In all 10 control subjects without 
coronary artery disease the QRS axis of the exercise-induced ventricular 
premature complexes was in the normal range, between —30° and 
+150°. if the standard criterion of 1 mm S-T segment depression were 
used to predict coronary artery disease during exercise stress testing, 
25 of the 63 patients with coronary artery disease would have had a 
normal or borderline exercise test. However, in 21 of these 25 patients 
the exercise-induced ventricular premature complexes had a superior 
axis, a criterion that would enhance the predictive sensitivity of the ex- 
ercise test from 60 to 94 percent. A left bundle branch block pattern of 
ventricular premature complexes was not helpful in detecting patients 
with coronary artery disease, although a right bundle branch block pattern 
was infrequent in the control subjects. The occurrence of ventricular 
premature complexes with a superior axis during exercise testing can 
enhance the exercise test's sensitivity for detecting the presence of 
coronary artery disease, particularly when this criterion is used in patients 
with a nondiagnostic S-T segment response to exercise. 


Exercise stress testing is performed to detect or to confirm the presence 
of coronary artery disease or myocardial ischemia. The criterion of 1 mm 
S-T segment depression in symptomatic patients! is somewhat limited, 
with a sensitivity reported between 60 and 70 percent and a specificity 
of 90 percent. The additional variables of angina,? hizh grade ventricular 
arrhythmias,” hypotension‘ and an increasing R wave amplitude? during 
exercise are adjunctive findings that may increase the diagnostic use- 
fulness of exercise stress testing. More recently, a multivariate approach 
has been employed to improve sensitivity and specificity.6.? Unfortu- 
nately, the presence or frequency of ventricular ectopic complexes during 
exercise stress testing has been found to have a low correlation with the 
presence of underlying coronary disease.” Several investigators!0-!2 
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have attempted to correlate the site of origin of ven- 
tricular premature complexes with the presence and 
location of cardiac disease. However, except for the 
morphologic designation of right or left bundle branch 
_ block, precise quantitation of form as well as the axis of 
_ ventricular premature complexes has not been applied 
to proved cases of coronary artery disease. We sought 





Methods 
Exercise tests: The exercise stress tests of approximately 
750 patients referred to our noninvasive laboratory were re- 
viewed for the presence of ventricular premature complexes. 


The Bruce protocol was used in all exercise tests, anda mul- 


tichannel recording system (Marquette Exercise Stress Test 


System) producing a 15 lead electrocardiogram (12 standard — - 
leads plus X, Y and Z orthogonal i eee was s used duri reach 










- in this study to evaluate an additional variable in the 
analysis of stress testing, namely, the morphology or 
_ axis; or both, of ventricular premature complexes oc- 
--eurring during exercise as a-means of enhancing the 
= sensitivity of this important noninvasive test. 


The patienti aa was monitore 
the test, and additional selective strips were rec 
patient whenever ventricular arrhythmia 





























TABLE | 
Axis and i Configuration of Ventricular Premature Complexes in 63 Patients With Coronary Artery Disease 
S-T Segment 
Age {yr} Response VPCs 
& ECG to 
Case Sex . Morphology Exercise. Configuration Axis (°) 
L CAD Documented by Prior or Current Myocardial Infarction in Surface Electrocardiogram 
1 66M Normal Borderline RBBB 60 
: RBBB +30 
2 47M Inferior + anterior Positive RBBB —90 
: LBBB 90 
3 53M +inferior Positive i RBBB —30 
A 47M inferior Positive RBBB ~60 
SER 43M Inferior Negative RBBB 60 
6 48M Inferior Positive RBBB —7§ 
7 61M inferior Positive RBBB —4§ 
8 47M inferior + LVH Negative LBBB +30 
LBBB —60 
9 45M Normal Positive RBBB -75 
10 52M Inferior Positive RBBB 96 
11 49M Anterior + inferior Negative RBBB —75 
12 55M Anterolateral, IRBB + LAH Negative RBBB —90 
RBBB ~ 420 
13 51M Inferior ischemia Negative RBBB +90 
14 57M Inferior + LVH Negative RBBB -45 
15 64M Posteroinferior Positive RBBB +150 
18 51M inferior +.L.VH Positive RBBB ~ 160 
7 44M inferior Borderline LBBB —60 
18 61M Anterior Borderline LBBB —75 
ee : 19 44M Inferior Positive RBBB -75 
BEES 20 53M Inferior Positive LBBB. +30 
i RBBB — 120 
21 54M inferior Borderline E ‘LBBB +75 
22 43M inferior + RBBB Negative RBBB —80 
LBBB —30 
23 55M inferolaterail, LVH Positive LBBB 0° 
24 52M Normal Positive LBBB. 45 
25 60M Normal Borderline RBBB —100 
2 LBBB +90 
26 59M Anterolateral S-T elevation RBBB +420 
27 59M Inferior + VCD Positive : RBBB —30 
28 44M Normal Borderline RBBB —60 
29 57M Inferior Negative RBBB ~30,—90 
LBBB +90,—30 
30 58M inferior, lateral Negative RBBB —30 
RBBB — 1400 
31 68M Inferior Positive RBBB —90 
32 57M Inferior, jateral Positive RBBB —30 
33 59M inferior, lateral Positive LBBB — 100 
LBBB +45 
34 54M inferior Positive LBBB 120 
oe 35 56M inferior Positive RBBB —80 
36 54M inferior Borderline RBBB -1420 
37 46M Anterolateral Positive (S-T elevation) LBBB 60 
38 47M LVH, anterior Positive RBBB +120 
39 67M Anterior Positive LBBB +105 
continued 
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TABLE! 















































(continued) 
S-T Segment 
Age {yr} Response VPCs 
& ECG to 
Case Sex Morphology Exercise Configuration Axis (°) 
il. Documented by Coronary Angiography 
A. Three Vessel Disease 
40 64F Inferior Positive RBBB —105 
LBBB ~35 
41 60M inferior Negative RBBB —75 
42 35M ST-T changes Positive RBBB ~105 
43 52m Anterior Positive RBBB —60 
44 51M Anterior Positive RBBB +100 
45 45M Anterior Positive LBBB —105 
+ inferior RBBB +105 
46 67N ST-T changes Positive RBBB —90 
47 60M Normal Positive LBBB 75 
48 65M ST-T changes Positive LBBB +60 
LBBB +30 
49 61M inferior, lateral Positive LBBB +80 
LBBB —75 
50 52M inferior, lateral Borderline LBBB —120 
LBBB +150 
LBBB 0° 
51 45M Minor ST-T changes Borderline RBBB +100 
B. Two Vessel Disease 
52 57M Anterior Positive LEBB +180 
53 56M ST-T changes Positive RBBB +120 
54 52M LAH + S-T depression Positive LBBB +100 
55 59M ST-T changes Borderline REBB —100 
C. One Vessel Disease 

56 52M S-T changes Borderline RBBB ~60 
57 59M ST-T changes Positive RBBB —95 
LBBB +120 
58 67M inferior LBBB (rate-related) LBBB +60 
RBBB —120 
59 57M LAH + dorsal infarct Borderline RBBB —90 
60 44M Normal Normal RBBB +100 
61 45M Normal Positive RBBB —60 
62 63M ST-T changes Borderline RBBB ~60 
LBBB -60 
63 41M inferior Normal RBBB —420 











CAD = coronary artery disease; ECG = electrocardiogram; IRBB = incomplete right bundle branch block; IVCD = intraventricular conduction 
“defect; LAH = left anterior hemiblock; LBBB = left bundle branch block; LVH = left ventricular hypertrophy; Positive = significant S-T depression; 
RBBB = right bundle-branch block; VPCs = ventricular premature complexes. 


-=i depression was noted. All stress tests were continued until 
_. Maximal heart rate was attained or symptoms such as angina, 
-dyspnea or exhaustion occurred. S-T segment depression of 


2 mm or greater was another criterion used to terminate a 
study. No complications or adverse reactions occurred. 
Patients: Seventy-three persons with ventricular prema- 
,- ture complexes occurring during exercise in which the axis and 
“morphologic features (right or left bundle branch block pat- 
tern) could be determined were evaluated. Sixty-three pa- 
tients had evidence of coronary artery disease manifested by 
either a pattern of transmural myocardial infarction in the 
electrocardiogram (50 patients) or angiographic findings of 
occlusive coronary artery disease (50 percent or greater lu- 


“. minal narrowing) in one or more of the coronary arteries (24 


patients). Eleven of the 63 patients had both criteria. This 
group of €3 patients was compared with 10 subjects who had 
ventricular premature complexes during exercise testing but 
who had normal coronary and left ventricular cineangiograms. 
Patients who had conditions known to affect the S-T segment 
analysis during exercise, such as hypertrophic cardiomyopa- 


thy, mitral valve prolapse, valvular heart disease, conduction 
abnormalities or preexcitation syndrome, or who were taking 
digitalis were excluded. 

The axis of the ventricular premature complexes occurring 
during exercise was determined by the presence of at least one 
such complex in the limb leads, and the configuration was 
judged from either the V; or Z leads to be either right or left 
bundle branch block. A superior axis was defined as an axis 
of the ventricular premature complex. between —30° and 
—120°. An axis between +150° and —120° was considered 
indeterminate, whereas the axis of all other observed comi- 
plexes was between —30° and +150°. Patients in whom the 
ventricular premature complexes showed multiple axes were 
classified according to the superior axis if present. 


Results 


Ventricular premature complexes in 63 patients 
with documented coronary artery disease (Table 
I): Forty-five of 63 patients showed uniform ventricular 
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CORONARY ARTERY DISEASE 
N = 63 PATIENTS 





FIGURE 14. Distribution of the axes of.exercise-induced ventricular 
premature complexes in 63 patients with coronary artery disease. A 
ventricular premature complex with a right bundle branch block (RBBB) 
atter is shown by a circle, and one with a left bundle branch block 
LBBB) pattern by a square. N = number. 





_premature complexes, whereas 18 had complexes with 
multiple axes. The distribution of the axes and the 
~ morphologic features are shown in Figure 1. At least one 

-. ventricular premature complex with a superior axis 

between ~30° and —120° was observed in 48 patients 
(76 percent) (Fig. 2). Thirteen patients (21 percent) had 
a ventricular premature complex with an axis between 
—30° and +150°. Two patients had ventricular pre- 
mature complexes with an indeterminate axis. Thirty- 
seven patients had a right bundle branch block pattern 
alone (59 percent), 16 patients a left bundle branch 
block pattern alone (27 percent), and 10 (14 percent) 

-patients had ventricular premature complexes with 
instances of both right and left bundle branch block 
patterns (Fig. 3). 

-The sensitivity for coronary artery disease of a su- 
| periorly directed axis of the ventricular premature 
< complex was 76 percent (24 percent false negative). The 
distribution of the axes of the ventricular premature 
complexes among the 63 patients with coronary artery 
disease classified by infarction pattern in the resting 
electrocardiogram is depicted in Figure 4. Thirty-eight 
patients had an inferior scar, and ventricular premature 
complexes with a superior axis were present in 33 (87 
percent); 12 patients had a pattern of anterior infarc- 
tion, 5 of whom (42 percent) had a superior axis. Ten (77 
percent) of the 13 patients with angiographic findings 
of multiple scars or multiple coronary occlusive lesions, 
or both, had exercise-induced ventricular premature 

» complexes with a superior axis. 

Of the 24 patients with angiographic evidence of 
coronary artery disease, 8 had single vessel, 4 had two 
vessel and 12 had three vessel coronary artery disease. 
The distribution of ventricular premature complexes 
in these 24 patients is shown in Figure 5. The axis in 17 
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FIGURE 2. Example of an exercise-induced ventricular premature 
complex in a patient with coronary artery disease and inferior wall 
myocardial infarction; there is an abnormal superior axis (approximately 
75°) and a right bundle branch block configuration. 


(71 percent) was superior, and in 16 (67 percent) there 
was a right bundle branch block pattern. 

When the criterion of S-T segment depression alone 
was used to determine the presence of coronary artery 
disease during exercise testing in the 63 patients with 
such disease, only 38 had an abnormal S-T segment 
response of 1 mm or greater depression. Twenty-five 
patients had a normal or borderline test with 1 mm or 
less S-T segment depression. However, 21 (84 percent) 
of these 25 patients had a ventricular premature com- 
plex with a superior axis (Table I). Thus, the sensitivity 
of the exercise test using the S-T segment depression 
criterion alone was enhanced from 60 to 94 percent 
when the axis of exercise-induced ventricular premature 
complexes was considered. 

Patients with normal coronary arteriogram and 
left ventriculogram: There were 10 instances of ven- 
tricular premature complexes in which the axis and 
morphology could be evaluated in the 10 control 
subjects (Table H). Figure 6 shows the distribution of 
these ventricular premature complexes according to 
their axis and morphologic features. In all 10 subjects 
(100 percent) the axis was between —15° and +110° 
(Fig. 7). There was no instance of a superior axis. Nine 
of 10 ventricular premature complexes showed a left 
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FIGURE 3. Electrocardiogram at rest (left) from a patient with coronary artery disease and an inferior wall myocardial infarction; the axis of the 
ventricular premature complex is in the normal range (approximately +40°} with a left bundie branch block configuration. During exercise (right) 
there are ventricular premature complexes with an abnormal superior axis {approximately —75°) with the orthogonai-(X, Y and Z) leads demonstrating 
first a ventricular premature complex with a left and then a right bundle branch block pattern. 


bundle branch block and one a right bundle branch 
block pattern. 


Discussion 


Our results demonstrate that the axis of ventricular 
premature complexes occurring during exercise may 
yield important information that may enhance the 
sensitivity of exercise testing in symptomatic patients 


with underlying coronary artery disease. When S-T 
segment depression alone is utilized in symptomatic 
populations, the sensitivity of the exercise test in large 
part depends upon the number of diseased coronary 
vessels.!:!5 The use of adjunctive findings during testing 
such as angina,’ hypotension‘ or serious repetitive 
ventricular ectopic complexes? may be of additional 
help. The actual occurrence or frequency of ventricular 














TABLE il 
Axis and Configuration of Ventricular Premature Complexes in 10 Subjects With Normal Coronary Arteriograms 
S-T Segment 
Age (yr) Response to VPCs 
Case & Sex ECG Exercise Configuration Axis {°} 
1 85F Minor ST-T Positive LEBB +110 
2 40F Minor ST-T Positive LEBB +110 
3 41M incomplete right bundle branch Borderline LEBB 0° 
4 63M LVH, S-T changes Borderline RBBB +10 
5 30F Normal Normal LBBB +75 
6 58F ST-T changes Normal LEBB —15 
7 46F ST-T changes Borderline LBBB +90 
8 28M Normal Normal LBBB +60 
9 52M ST-T changes Borderline LBBB +80 
10 41M ST-T changes Normal LBBB —15 





Abbreviations as in Table |. 
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FIGURE 4. Distribution of the axes of exercise-induced ventricular 
premature complexes in 38 patients with inferior wall myocardial in- 
‘arction, 12 patients with anterior wall myocardial infarction, and 13 
patients with multiple transmural or nontransmural myocardial infarction. 
Symbols and abbreviations are as in Figure 1. 


-arrhythmia has not been particularly helpful in dis- 


oF tinguishing those subjects: with coronary artery dis- 
~ ease.5.9.14 


Significance of site of origin of ventricular pre- 
mature complexes: In all 10. patients with angio- 
graphically proved normal coronary arteries the exer- 
cise-induced ventricular premature complexes had an 
axis of —15° to +110°. Therefore, the specificity of this 
finding is 100 percent (0 percent false positive). In the 
63 patients with coronary artery disease the presence 
of an axis of ~30° to —120° of such exercise-induced 
complexes showed a sensitivity of 76 percent (24 percent 
false negative), which is slightly superior to that of the 
S-T segment criterion alone (60 percent). Furthermore, 
. the configuration of ventricular premature complexes 
(right or left bundle branch block) has not been of ad- 
_ ditional help. Previous studies!!15-!6 have analyzed the 


site of origin and the axis of ventricular ectopic com- 


plexes in the electrocardiogram obtained at rest. Bo- 
___ denheimer et al.!! showed a poor correlation between 
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». AXIS°OF VENTRICULAR PREMATURE COMPLEXES-—-MARDELLI ETAL 








CORONARY ARTERY DISEASE 
N = 24 PATIENTS 
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FIGURE 5. Distribution of: the axes of exercise-induced ventricular 
premature complexes in 24 patients with coronary artery disease | 
documented by coronary arteriography. Syrnbols and abbreviations as. 
in Figure 41. =; ` f 







the site of origin of ventricular premature complexes 
and the prevalence or severity of coronary artery dis- 
ease. Talbot and co-workers!® found that ventricular 
premature complexes with a left bundle branch biock 
pattern and with a vertical or right axis were most fre- 
quent in normal subjects, but in the presence of cardiac 
disease a right bundle branch block pattern occurred 
more frequently. 





CONTROLS WITH NORMAL CORONARY 
ANGIOGRAPHY 


N = 10 PATIENTS 
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FIGURE 6. Distribution of exercise-induced ventricular premature: 
complexes in 10 patients serving as control subjects, who had normal: 
coronary angiograms. Symbols and abbreviations as in Figure 1: 
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FIGURE 7. Electrocardiogram from a patient with normal coronary 
arteriograms. Exercise-induced ventricular premature complexes are 
seen with a normal frontal plane axis (approximately + 10°) with a right 
bundie branch block configuration. 


Watanabe et al.'? suggested that ventricular prema- 
ture systoles are more likely to originate from an area 
of intraventricular conduction delay, and that the ec- 
topic impulse seems to invade and at least partially 
utilize the other fascicles of the Purkinje system for 
ventricular excitation. Lewis et al.!° noted an association 


= between right, left and biventricular ventricular pre- 


_.. mature complexes with the respectively diseased ven- 

-trieule or ventricles and they reported that patients 
without organic heart disease had ventricular premature 
complexes of right ventricular origin. However, Ka- 
plinsky and associates!’ concluded that ischemic 
~ damage to the left ventricle produced ventricular ar- 
rhythmia that appeared tc originate from both ventri- 
cles, depending on the exit site from the subendocar- 
dium of the left ventricle. Recently, Josephson et al.16 
reported that ventricular premature complexes origi- 


nating from the site of a ventricular aneurysm demon- 
strated either a right or a left bundle branch block 
pattern, or beth. The ventricular premature complexes 
in all their patients had a superior axis.!6 Hence, the 
limitations are now established of the surface electro- 
cardiogram in deriving the ventricular site of origin from 
the morphology of the ventricular premature complex. 
However, the axis of the ventricular premature complex 
has the potential of differentiating normal persons from 
those with coronary artery disease. Ventricular pre- 
mature complexes with a right bundle branch block 
configuration were rarely seen (10 percent) in normal 
control subjects in our study, whereas in patients with 
documented coronary artery disease, right bundle 
branch block was present alone in 59 percent, left 
bundle branch block alone in 27 percent and both right 
and left bundle branch block in the remaining 14 per- 
cent of patients. 

Ventricular premature complexes with a superior axis 
during exercise were found more commonly in patients 
with electrocardiographic evidence of isolated inferior 
myocardial infarction than in those with isolated an- 
terior infarction (87 versus 42 percent, p <0.01). In pa- 
tients with an inferior myocardial scar, the site of origin 
of the ventricular premature complex is inferoposterior 
and therefore its axis is likely to be superior; but in pa- 
tients with an anterior scar the axis of the ventricular 
premature complex will depend cn the site of its origin, 
which may be in the basal or apical segment of the heart. 
Whether these data will be helpful for analysis of ven- 
tricular premature complexes reeorded in the electro- 
cardiogram at rest remains to be determined. 

Implications: Our data suggest that although ven- 
tricular premature complexes with a vertical axis during 
exercise may occur both in normal persons and in pa- 
tients with coronary artery disease, such complexes with 
an abnormal superior axis appear to be a specific marker 
for coronary artery disease. The use of this criterion 
adjunctively with S-T segment depression may increase 
the sensitivity of exercise stress tests in those patients 
with nondiagnostic studies. However, not every patient 
shows ventricular premature complexes during exercise 
and therefore this additional criterion is limited to those 
patients in whom this finding is observed. Technicians 
who are alert to ventricular ectopic eomplexes occurring 
during exercise should be instructed to record additional 
electrocardiographic strips to facilitate analysis of the 
axis of any documented ventricular premature com- 
plexes. 
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Radionuclide angiocardiography provides accurate hemodyriamic in- 
formation during maximal exercise in erect subjects. Cardiac function 
was studied with this noninvasive technique in 12 male and 5 female 
college athletes before (BT) and after (AT) 6 months of swimming training. 
Measurements at rest and during maximal exercise of heart rate, left 
ventricular ejection fraction, end-diastolic volume, cardiac output and 
total body blood volume were determined from first pass and ecullibrium 
precordial counting techniques. The results were as follows: 








Total 
Heart End-Dia- Cardiac ‘Body 
Rate Ejection stolic Output Blood 
(beats/ Fraction Volume (Bters/ Volume 
min) (%) (ml) min) (Eter) 
Rest 
BT 74411 7346 1833435 69414 8.7 + 0.8 
AT 6127 6747 167440 67410 1141.442.2 
Exercise 


BT 185410 8744 166434 255+5.7 8040.9 
AT 181414 8645 204439 32643.7 10.84 2.3 





Total body bicod volume increased after training (p <0.03). Although 
cardiac output was similar at rest before and after training, a decrease 
in heart rate (p <10~*) and ejection fraction (p <10~) was associated 
with an increase in end-diastolic volume {p <10~5). Cardiac output at 
maximal exercise increased (p <0.02) after training because of an in- 
creased end-diastolic volume (p <10~*) with a constant heart rate and 
ejection fraction. individual variation was observed in the performance. 
level achieved, and the maximal cardiac output at exercise achieved after 
training (56.6 liters/min) was attained by an Olympic athlete. Exercise 
training appears to enhance cardiac performance primarily by inducing 
cardiac dilatation. 


Intensive exercise training can lead to extraordinary levels of cardiac 
performance in well trained athletes.! Although several studies*~” have 
examined the physiologic adaptation of the heart in response to exercise 
training, their results have not produced a unified concept of the effect 
of exercise conditioning on the heart.2-!! Changes in heart rate, left 
ventricular muscle mass, chamber size, stroke volume, cardiac output 
and maximal oxygen consumption have been documented but the effect 
of other variables of left ventricular performance during maximal ex- 
ercise in the erect position have not been fully assessed. Radionuclide 
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‘angiocardiography is a relatively new technique that 
provides accurate noninvasive assessment of cardiac 
function at rest and maximal exercise.!*:!3 With use of 
a single radionuclide injection, this technique measures 
left ventricular ejection fraction, left ventricular end- 


-diastolic volume, pulmonary transit time, pulmonary 


_ blood volume and total body blood volume. The left 
ventricular ejection fraction is calculated from the 





stroke volume and end-diastolic volume. Calculation 
of the left ventricular stroke work and the end-diastolic 
volume provides data necessary to evaluate the left 
ventricle from the perspective of the Frank-Starling law 
of the heart.!4 The radionuclide technique is the only 
approach feasible for measuring the left ventricular 
stroke work and end-diastolic volume in erect subjects 
during maximal exercise at very high heart rates under 
physiologic conditions. 

_ This report is the first description of the use of ra- 
dionuclide angiocardiography to evaluate the influence 
of physical training on ventricular function in the nor- 
mal subject. In addition to enhancing the understanding 
f the cardiovascular response to exercise conditioning 


“in normal subjects, these data may prove useful for 


comparison with subsequent similar studies in patients 
- with cardiac disease. 


Methods 


~ Data Acquisition 


Study group: Radionuclide angiocardiograms were ob- 
tained to assess cardiac function in 18 normal athletes before 
and after a 6 month period of intensive training for competi- 
tive swimming. The group was selected at random from the 
North Carolina State University swimming team and con- 
sisted of 12 male and 6 female varsity athletes who consented 
to the study. The mean age of the group was 19 years. The 
mean body surface area was 1.94 + 0.14 m? before training and 
1.96 + 0.14 m? after training. The primary exercise during this 
period was swimming, but other types of exercise including 
jogging with weight lifting were also encouraged. Social and 


©, dietary adjustments associated with training were not con- 
„trolled but appeared to change in a manner compatible with 


_ standard athletic training regimens. After informed consent 
was obtained from each subject, a history, physical exami- 


nation, chest radiograph and electrocardiogram were obtained 


` to exclude preexisting cardiopulmonary disease. 





Radionuclide angiocardiography: Radionuclide angio- 
cardiograms at rest and during exercise were obtained im- 
mediately before both the initiation and the conclusion of an 
intensive 6 month period of training for competitive swimm- 
ing. Our radionuclide angiocardiographic technique for 
evaluating cardiac function at rest and during maximal ex- 
ercise, previously described in detail, was used for the study. 
The evaluation before and after training consisted of a resting 
and exercise study performed 3 to 7 days apart. The study at 
rest was performed before the exercise study in nine randomly 
selected subjects; in the remaining nine subjects the exercise 


„study was performed first. For each study, measurement of 


ee 


height and weight were obtained. A sphygomomanometer was 


“applied for blood pressure measurements, and a CMs pre- 
-cordial electrocardiographic lead was monitored by telemetry. 
A 25 em, 20 gauge Teflon® catheter was inserted into an ex- 
- ternal jugular vein and connected to a saline-filled three-way 









- stopcock, 50.8 cm intravenous tubing and a 20 ml syringe. The 
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Baird-Atomic System Seventy-Seven multicrystal gamma 
camera® with a 1.5 inch (3.8 cm) parallel multihole collimator 
was used to record precordial counts during initial tracer 
transit. The detector of the instrument was positioned directly 
anterior to the precordium. Data were acquired with subjects 
sitting erect on the bicycle ergometer during a period of he- 
modynamic stability confirmed with pulse and blood pressure 
measurements. Data recording at 50 ms intervals was con- 
tinued for a total period of 60 seconds. Immediately after 
initiation of data recording, 25 mCi of technetium-99m labeled 
human serum albumin was introduced through the stopcock 
into the intravenous tubing and injected as a discrete tracer 
bolus using a brisk injection of 20 ml of saline solution. 

The technique used to obtain the radionuclide angiocar- 
diogram during exercise was identical to that used for the 
study at rest except that the injection was made during 
maximal exercise stress. Handlebars on the gamma camera - 
permitted the subjects to stabilize their chest to prevent 
motion artifact while maintaining a vigorous level of exertion. 
Subjects exercised in the erect position on a Tunturi® bicycle 
ergometer for a period of 10 minutes with increasing resistance 
in increments at 2 minute intervals from 2 newtons to a 
maximum of 8 newtons. The pedal frequency of the bicycle 
ergometer was determined by the ability of the subject to 
tolerate the resistance level. The total equivalent distance 
traversed in kilometers was recorded at the end of each exer- 
cise. The high motivation and competitive response of the 
varsity athletes made unnecessary the imposition of a maximal 
work level. AH subjects reached exhaustion during exercise 
studies in an attempt to attain the highest performance level 
possible. 

Cardiac output and blood volume: In addition to data 
from the radionuclide angiocardiogram a 60 second precordial 
equilibrium count was obtained 10 minutes after tracer ad- 
ministration for calculation of cardiac output using the indi- 
cator-dilution principles and technique previously applied to 
radionuclide data.}°!® At the same time, a 5 ml sample of 
blood was obtained from an antecubital vein. Determination 
of the level of radioactivity in the blood sample and assess- 
ment of the total radioactive dose was obtained by correcting 
the amount initially in the syringe for that remaining in the 
syringe and tubing after administration. This calculation 
provided a measurement of total body blood volume by the 
dilution principle.” 


Data Processing 


Definition of cardiac regions and borders: Systolic and 
diastolic blood pressures recorded simultaneously with the 
studies at rest and during exercise were used to estimate the 
mean systemic arterial pressure by adding one third of the 
pulse pressure to the diastolic pressure.1819 The radionuclide 
data were processed using the Volume II and Volume HI 
software for the Baird-Atomic System Seventy-Seven com- 
puterized multicrystal gamma camera. This instrument 
achieves counting rates greater than 400,000 counts/s. at 
counting intevals as brief as 10 ms. The first step in data 
processing is to relate observed counts to discrete cardiac re- 
gions. Borders of cardiac chambers were defined by a recently 
developed method based on a description of the time function 
of counts observed in many small regions over the precor- 
dium.2° The time description reflects the individual cardiac 
chamber delay with bolus transit of tracer, thus permitting 
accurate delineation of cardiac chamber boundaries. In any 
projection, anatomic overlap of adjacent cardiac chambers 
occurs. Complex curves with several individual components 
are recorded over these adjacent cardiac regions. These curves 
are separated, using a computer technique, into individual 
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components with each curve characterized by total counts and 
by mean chamber transit time. Techniques for determining 
the pulmonary mean transit time and pulmonary blood vol- 
ume have been described elsewhere.!3 The mean transit time 
is directly related to volume and is inversely proportional to 
flow. Therefore, the pulmonary blood volume (in milliliters) 
is calculated by multiplying the cardiac output (in milliliters 
per second) by the pulmonary mean transit time (in sec- 
ands). 

Ejection fraction and heart volumes: Accurate delin- 
eation of anatomic regions is particularly important for the 
calculation of left ventricular ejection fraction. The latter is 
calculated from the left ventricular volume curve, which is 
obtained from. the background corrected left ventricular 
counts throughout a single cardiac cycle. Determination of 
ejection fraction in 33 patients demonstrated a correlation 
coefficient of 0.89 between the value obtained with this ra- 
dionuclide technique and that obtained with biplane contrast 
ventriculography in the right and left anterior oblique pro- 
jections.3 

A computer program outlined the end-diastolic and end- 
systolic perimeters at the 21 percent isocount contour of the 
end-diastolic image. Previous imaging of elliptical phantoms 
filled with 5 mCi of technetium-99m pertechnetate in water 
demonstrated a 21 percent count level to correspond most 
closely to the phantom border.?! The aortic valve plane was 
identified from dynamic images and by isolation of the zone 
demarcating alternate count increases and decreases during 
diastole and systole. The area of the end-diastolic image was 
obtained by planimetry and the length measured using a sonic 
digitizing device (Graph-Pen) coupled to a PDP-11/45 com- 
puter. The left ventricular end-diastolic volume (EDV) was 
calculated by the area-length method of Dodge et al.22 Mea- 


RESPONSE TO EXERCISE CONDITIONING IN 18 COLLEGE ATHLETES 


MEAN AGE 19 YEARS 





surement of end-diastolic volume and left ventricular ejection 
fraction permitted calculation of left ventricular end-systolic 
volume {ESV}, stroke volume (SV) and cardiac output 
(CO). 

The following list summarizes the hemodynamic mea- 
surements made from data obtained during the first passage 
of tracer through the central circulation. f 


1. Ejection fraction (EF) (percent) = (EDV counts ~ ESV 
counts)/EDV counts X 100. 

2. Left ventricular end-diastolic volume (LVEDV) (ml) = 
0.85A2/L. The radionuclide end-diastolic image was 
used to obtain the area (A) by planimetry and the 
length (L) by direct measurement.”! 

. Stroke volume (SV) (ml) = LVEDV x EF. 

. End-systolic volume (ESV) (ml) = LVEDV = SV. 

. Cardiac output (CO) (liters/min) = SV x HR. 

. Pulmonary transit time (PTT) (seconds) = left atrial 
mean transit time ~ pulmonary arterial mean transit 
time. 

7. Pulmonary bleod volume (PBV) (ml) = (CO/60) x 

PTT. 


M n a oO 


8. Pulmonary bleod volume index (PBVI) (ml/m2) = 
PBV/Body surface area (m2). 
9. Stroke work (SW) (g-m). This calculation is made indi- 
rectly from the following equation: 
13.6 X P (mean arterial pressure in mm Hg) 
X CO (liters/min) X R-R interval (s) 
60 s/min 








Measurements and statistical analysis: Student’s paired 
t test was used to-analyze the differences at rest and during 
exercise of each measurement in individual subjects before 


BEFORE TRAINING (8T) AFTER TRAINING (AT) 

REST(R) EXERCISE(E) RESTIR) EXERCISE (E) 
Heart Rate (beats/min) 74 til 185210 <10? Git? Bits <0 
Blobd Pressure (mean, mmHg) 9328 427 <09 8326 i0448 <io 
Cardiac Output {i /min) 692i! 255257 409 67tl 321287 <io* 
Pulmonary Transit Time (sec) 67207 2402 <10? 76i 28203 <10? 
Pulmonary Blood Volume index (mizmž} 395270  53iti3i <0? 43265. = 7724 230<10¢ 
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FIGURE 1. Data reflecting changes in cardiac func- 
tion from rest (R) to exercise (E) before (BT) and after 
(AT) training. Bars with closed circles indicate mean 
and 1 standard deviation: p = paired f statistic from 
rest to exercise. 
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FIGURE 2. Heart rate (beats/min) at rest and during maximal exercise 
before (BT). and after (AT) training. The heart rate at rest is decreased 
with training. However, there is no significant change in maximal heart 


“vate achieved during exercise. NS = not significant. Symbols as in 


Figure 1. 


and after training. In addition, the statistic was applied to 
compare measurements at rest and during maximal exercise 


_ ineach subject before and after training. Data were considered 


significant at the level of p <0.05. 
Results 
All subjects completed the radionuclide angiocar- 


_ dlogram at rest and during exercise before and after 
-training without difficulty. The resistance of the bicycle 
ergometer during the last 2 minutes of maximal exercise 
_ was 8 newtons. Pedal frequency was unrestricted over 
each 10 minute session. Mean distance traversed during 
exercise before training was 4.3 + 0.42 km and after 


training was 4.8 + 0.47 km (p <107%). 

Hemodynamic data: Figure 1 summarizes the he- 
modynamic data for all subjects at rest and during 
maximal exercise before and after training. The direc- 
tion of hemodynamic change from rest to exercise was 
the same before and after exercise conditioning, but the 
magnitude of change in several variables was influenced 
by exercise conditioning. The mean heart rate increased 
150 percent from rest to exercise before training (p 
<107°); after training, it increased 197 percent from rest 
to exercise (p <10~®). The mean arterial blood pressure 
increased significantly from rest to exercise during both 


testing periods (p <10~® before and p <10~° after). The 


-< corresponding increase from rest to exercise in cardiac 


output before and after training was 270 and 379 per- 
‘cent, respectively (p <107® and p <1078). Pulmonary 
blood volume index increased from rest to exercise both 
before and after training. Before training, ejection 
fraction increased from a mean of 0.73 + 0.06 at rest to 
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$i: FIGURE 4. Effect of exercise conditioning on left ventricular ejection 
_ fraction. The ejection fraction at rest appears to decrease with training, 
although there is no increase in ejection fraction during maximal ex- 


A 


ercise. BT = before training; AT = after training. Symbols as in Figure 
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FIGURE 3. Cardiac output at rest and maxirnal exercise before (BT). — = 
and after (AT) training. Cardiac output at rest after training is essentially 
unchanged but during exercise increases significantly. with training. 
Symbols as in Figure 1. ve 





0.87 + 0.04 during exercise (p <10~7) (19 percent in- 
crease). After training, mean ejection fraction at rest was _ 
lower (0.67 + 0.07), and increased by 28 percent to 0.86 
+ 0.05 (p <1075) during maximal exercise. Left ven- 
tricular stroke volume increased from rest to exercise 
in both the pretraining (p <10~®) and posttraining (p 
<10-7) states: Moreover, the mean end-diastolic volume 
before conditioning increased from 133 + 35 ml at rest 
to 167 + 40 ml during exercise (p <0.002). After the6. 
month training interval, mean end-diastolic volume rose 
from 167 +40 ml at rest to 204 + 39 ml during exercise 
(p <0.0005). Figure 2 compares the heart rates at rest 
and during exercise before and after training. Training 
decreased the heart rate at rest from 74 + 11 to6147 
(p <10~‘), but it did not alter the maximal heart rate 
achieved during studies at peak exercise. 

Cardiae output and ejection fraction: Figure 3 
compares values for cardiac output at rest and during 
exercise before and after training. Cardiac output at rest 
decreased from 6.9 + 1.1 liters/min before training to 
6.7 + 1.1 liters/min after training (difference not sig- 
nificant). In contrast, the cardiac output achieved 
during maximal exercise increased from 25.5 + 5.7 to 
32.1 + 8.7 liters/min after exercise training (p <0.02). 
The mean increase in exercise cardiac output after 
training was 21 percent. The largest cardiac output 
measured after training was 56.6 liters/min. This very 
large cardiac output was achieved at extreme exertion 
by a silver medalist in the Olympics. Exercise training 
decreased the mean ejection fraction at rest from 0.73 
+ 0.06 to 0.67 + 0.07 (p <0.0006) (Fig. 4), but it did not 
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FIGURE 5. Effects of exercise conditioning on stroke. volume. Stroke 
volume.at rest and during exercise is increased by training. BT = before 
training; AT = after training. Symbols as in Figure 1. 
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FIGURE 6. End-diastolic volume at rest and during exercise before (BT) 
and after (AT) training. The mean end-diastolic volume at exercise 
betore training is almost icentical to the end-diastolic volume at rest 
after training. This reflects the left ventricular dilatation occurring with 
exercise conditioning. Symbols as in Figure 1. 


alter the mean ejection fraction achieved during maxi- 
mal exercise. Individual variation occurred within the 
group, and certain athletes appeared to have a greater 
inerease in ejection fraction during exercise than would 
occur by chance. Stroke volume at rest increased from 
95 + 22 to 112 + 26 ml after training (p <0.005). Stroke 
volume at maximal exercise increased from 144 + 31 to 


176 + 39 ml after conditioning (p <0.002) (Fig. 5). 


Ventricular volumes: After training, the end-dia- 
. stolic volume increased from 133 + 35 to 167 + 40 ml at 
rest {p <1075) and from 166 + 34 ml to 204 + 39 ml 
during maximal exercise (p <10~*). Because of the 
cardiac dilatation induced by exercise conditioning the 
resting end-diastolic volume after training was similar 
to the end-diastolic volume before training during 
maximal exercise (Fig. 6). The end-systolic volume at 
rest increased with training (p <10~5), but the value 
during maximal exercise remained constant after con- 
ditioning (Fig. 7). 

Pulmonary and total body blood volumes: Pul- 
monary blood. volume (Fig. 8) increased at rest and 
‘during exercise after training (p <0.01 and p <0.009, 
respectively). Moreover, total body blood volume at rest 
‘increased 31 percent from 8.7 + 0.8 to 11.4 + 2.2 liters 


after training (p <0.03) (Fig. 9). A corresponding in- 


_ crease- in exercise total body volume from 8.0 + 0.9 to 
-210.8 + 2.3 liters was noted after training (p <0.03). 
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FIGURE 8. Pulmonary blood volurne at rest and during exercise before 
(BT) and after (AT) training. There is a significant increase that suggests 
an increase in volume within the central circulation as a whole. n = 
number of subjects. Symbols as in Figure 1. 
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FIGURE 7. End-systolic volume at rest and during exercise before (BT) 
and after (AT) training. Volume is significantly increased at rest after 
training; however, there is no significant change during exercise after 
training. Symbois as in Figure 1. 


Stroke work: No significant change occurred in stroke 
work at rest or during exercise in the post-training state. 
The stroke work at rest was 176 + 47 g-m before training 
and 170 + 28 g-m after training (Fig. 10). However, the 
cardiac work per minute at rest decreased from 12,7 + 
2.7 to 9.8 + 1.9 kg-m/min after training (p <10~4) (Fig. 
11). The stroke work during exercise before training was 
418 + 104 and 466 + 139 g-m after training. This mean 
stroke work increase of 48 g-m during exercise after , 
training was not significant by the paired t statistic (Fig. ~ 
10). However, the work per minute during maximal 
exercise increased from 77.1 + 18:9 to 84.9 + 28.2 kg- 
m/min after training (p <0.04) (Fig. 11). Moreover, 
comparison of the change in stroke work as a function 
of end-diastolic volume suggests that the heart works 
at an increased volume after exercise conditioning (Fig. 
12). 

Cardiac output by indicator dilution versus vol- 
umetric approach: The radionuclide injection permits 
calculation of cardiac output by two independent ap- 
proaches. Comparison of cardiac output calculated from 
the indicator-dilution principle and the volumetric 
approach produced a correlation coefficient between the 
two methods of 0.71 at rest and 0.94 during exercise (Fig. 
13). Although the absolute magnitude of differences was 
similar at rest and during exercise, the larger values for 
cardiac output at high levels of exercise made the rela- 
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FIGURE 9. Total body blood volume at rest and during exercise before 

(87) and after (AT) exercise conditioning. Values- at rest and during ex- 
ercise showed a significant increase after training. This finding sug- 
gests that an increase in central circulating blood volume occurs only 
with an increase in total body blood volume. Symbols as in Figure 1. 
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“FIGURE 10. Stroke work (g-m) at rest and 
during exercise before (BT) and.after (AT) 
training. The changes with conditioning are not 
significant. Symbols as in Figure 1. - 


tive differences less, causing a more favorable correla- 
tion coefficient for exercise measurements. 







Discussion 


_ Historical background and methodology: Since 
__ the introduction of radioactive tracers by Blumgart and 
- Yens” in 1927, widespread use of isotopes in clinical 
__ physiology and cardiology has enhanced the under- 
‘standing of the cardiopulmonary circulation in health 

: and disease. Prinzmetal et al.”4 in 1949 recorded passage 
of radioactive material through the heart using a Geiger 
“counter. Use of nondiffusable radioactive tracer by 
Shipley et al.!° permitted the determination of cardiac 
output without arterial sampling. Huff and et al.25 in 
1957 used data obtained from four detectors over the 
chest to calculate central transit times and blood vol- 
ume. Development of the gamma camera provided a 
-sequential pictorial display of the intracardiac passage 
ef radionuclides.?®-28 Over the past 2 years, further re- 
-finement of instrumentation and data processing has 
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FIGURE 11. Cardiac minute work at rest and during exercise before 
(BT) and after (AT) physical conditioning. Cardiac minute work is sig- 
nificantly decreased at rest and increased during exercise after training. 
This finding suggests that the heart is conserving energy at rest to 
“prepare for maximal work at exercise. Symbols as in Figure 1. 
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led to a broader understanding of the effects of exercise 
on normal subjects and patients with heart disease.12" _ 
Multigated techniques using equilibrium of technetium | 
human serum albumin within the central circulation 
have been the most popular for evaluation of left ven- 
tricular function at rest and exercise. 122930 : 
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FIGURE. 12. Effects of training on the relation between stroke work S 
(g-m) and teft ventricular end-diastolic volume (ml). Left ventricular 
performance is enhanced during exercise by an increase in both stroke- 
work and end-diastolic volume. 
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The radionuclide approach used in this study derived 
data from an initial passage of tracer through the central 
circulation, a method commonly called the first transit 
technique. This approach provides several hemody- 
namic measurements in addition to measurement of left 
ventricular ejection fraction. End-diastolic volume is 
obtained by using the prolated ellipsoid model of rev- 
olution described by Dodge et al.?? Cardiac output is 
then obtained from the volumetric calculation of the 
stroke volume and the recorded heart rate during in- 
jection. The validity of this technique has been docu- 
mented in a separate publication.!° Further studies 
performed in this laboratory in awake mongrel dogs 
demonstrated the accuracy of left ventricular minor axis 
dimensions and end-diastolic volumes using the plani- 
metry technique compared to implanted endocardial 
sonar crystals at heart rates ranging from 60 to 220 
beats/min.2! The volumetric determination of cardiac 
output in this study compared favorably with mea- 
surements obtained by a totally different but more 
standard method of precordial equilibration isotope- 
dilution curves described by previous investigators.15-!” 
In a separate study, reproducibility of all hemodynamic 
measurements at rest and exercise was documented by 
serial studies on the same group of subjects.*! 

The effects of dynamic exercise on the central circu- 
lation in normal erect human subjects have frequently 
been studied during the past two decades. Augmenta- 
tion of cardiac output with exercise has been shown to 
result from a large increase in heart rate and a moderate 
increase in stroke volume.°2-*6 However, few data are 
available that describe potential mechanisms by which 
intensive training increases cardiac output. Moreover, 
no data exist documenting changes in ejection fraction, 
end-diastolic volume, end-systolic volume and pulmo- 
nary blood volume after exercise conditioning. 

Holmgren et al.!° demonstrated that prolonged 
training increases the maximal aerobic capacity and 
work of the heart. This capacity was determined as the 
work load on a bicycle ergometer at a pulse rate of 170 
beats/min and in a relatively steady state. Several in- 
vestigators!!30:37 have ascribed the large cardiac work 
capacity of athletes to a greater average total body blood 
volume and total amount of circulating hemoglobin. 
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FIGURE 13. Cardiac output calculated from a single 
radionuclide injection shows a reasonable correlation 
between the volumetric and indicator-dilution (equilibrium) 
methods of data analysis over a wide range. of cardiac 
output values at rest and during exercise. 
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Mechanism of increase in maximal cardiac out- 
put after exercise training: The experimental design 
of this study provided a thorough longitudinal exami- 
nation of hemodynamic changes that occur in well 
trained collegiate athletes during intensive swimming w 
training over a 6 month period. The purpose was to ~ 
elucidate the mechanism that permits an increase in the 
maximal cardiac output achieved after exercise training. 
Before intensive training, athletes increased cardiac 
output from rest to exercise primarily by increases in 
heart rate and stroke volume. In addition, they mani- 
fested a modest increase in left ventricular ejection 
fraction and end-diastolic volume. This study revealed 
a significant decrease in heart rate at rest and ejection 
fraction after training. Earlier investigators’? have es- 
tablished that this reduction in heart rate is secondary 
to increased vagal tone. Therefore, the decrease in 
myocardial contractility and heart rate at rest is com- 
pensated for by a significant increase in end-diastolic 
volume in order to maintain the cardiac output at rest 
at the same level before and after training. This mech- 
anism appears to be a more efficient means for the 
preservation of a basal cardiac output at a reduced heart ` 
rate.3? The stroke work at rest remained constant in 
these subjects after training, and the slower heart rate 
resulted in a constant cardiac output with less minute 
work. 

Although pedal frequency and distance were not 
controlled during the exercise, resistance levels in 
newtons and duration of exercise were held constant. 
This method provided each athlete a competitive goal 
to attain maximal exertion by the total distance tra- 
versed. Maximal exercise after training was accompa- 
nied by an increase in cardiac output and by a mean 
increase of 0.5 km in distance that each subject tra- 
versed on the bicycle ergometer during the 10 minute 
exercise period. The heart rate during maximal exercise 
was not significantly changed after training. Although 
stroke volume increased significantly during maximal , 
exercise after training, the end-diastolic volume in- 
creased; thus, the maximal ejection fraction achieved 
did not change from the pretraining state. The cardiac 
work per minute during maximal exercise was increased 
after training because of the combined increase in heart 








pe? 


rate and stroke work, which was not sufficient to be 
significant when considered independently. 

Role of increased end-diastolic volume at rest 
after exercise training: These data emphasize the 
hemodynamic importance of the increase in end-dia- 


` stolic volume at rest after training. Moreover, the acute 


increase in end-diastolic volume in response to exercise 
stress appears to be an important mechanism for in- 
creasing cardiac output before and after training. The 
greatest magnitude of increase in this variable occurred 
after training, and this increase appeared to be the 


< primary mechanism of the increase in cardiac output 


observed during maximal exercise after training because 
the heart rate was not altered from preconditioning 
values. Therefore, training increases the capacity of the 
heart to utilize the Frank-Starling mechanism to in- 
crease its effectiveness at rest and during periods of 
maximal cardiac output.!4 Our study also suggests that 
increased left ventricular volume after training is ac- 
companied by increases in pulmonary blood volume and 


total body blood volume. 
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In conclusion, increased cardiac output during 
maximal exercise seen after intensive physical training 


results primarily from the ability of the left ventricle to — - 
dilate from rest to exercise and to eject fully this further —__ 


increase in end-diastolic volume at approximately the ` 


same or a lower heart rate. In addition, the cardiac: : 
output at rest is maintained at the same level before and __ 


after training, although increased vagal tone decreases 
the heart rate. This is achieved by a stroke volume in- 
crease that appears to be dependent on an increase in 
left ventricular preload reflected by an increase in 
end-diastolic volume. 
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Forty-five patients who had surgical therapy for pure mitral insufficiency _ 
were evaluated prospectively with both M mode and two. dimensional 
echocardiography; 26 patients (Group 1) had a flail mitral valve leaflet, - 
and 19 patients (Group Il) had intact chordae tendineae. The M mode 
echocardiographic criteria of a flail valve (systolic left atrial echoes, 


systolic mitral valve flutter, diastolic mitral flutter and chaotic paradoxic _ / 


diastolic posterior leaflet motion) were compared statistically with the _ 
two dimensional echocardiographic criterion (loss of systolic leaflet 
coaptation). The presence of one M mode echocardiographic finding had 


a sensitivity of 60 percent, a specificity of 53 percent, a predictive ac 





curacy of 63 percent and a predictive value of 50 percent. The sensitivity 
(96 percent), specificity (84 percent), predictive accuracy (89 percent) 
and predictive value (94 percent) of the two dimensional echocardiogram — 
were statistically superior to those of the M mode study (p <0.05 or better 
for each criterion). Thus, two dimensional echocardiography is distinctly 


superior to M mode echocardiography in the diagnosis of flail mitral valve __ . 


leafiets. 


The M mode and two dimensional echocardiographic features of a flail 
mitral leaflet have been reported.!-? M mode criteria include systolic 


intracavitary left atrial echoes,! systolic mitral valve flutter,? course. __ 
diastolic anterior mitral leaflet flutter? (in a flail anterior leaflet), and —__ 
either paradoxical and chaotic diastolic posterior leaflet motion‘ or early 
diastolic posterior leaflet flutter® (in a flail posterior leaflet). The two | 


dimensional echocardiographic criterion®’ is motion of the affected 
leaflet tip beyond the line of mitral valve closure. However, there have — 
been no studies that have attempted a statistical analysis of both tech- 
niques in the diagnosis of a flail mitral leaflet. The purpose of this paper: 


is to report the prospective statistical analysis of the M mode and two a. 


dimensional echocardiographic criteria of flail mitral valves. 
Methods 


Patients: The analysis of the M mode and two dimensional echocardiographic — : 


data on all patients at this institution undergoing surgical correction of pure 


mitral insufficiency forms the basis of this report. Patients with mitral stenosis 


or combined mitral stenosis and insufficiency and patients with pure mitral 
insufficiency but no surgical inspection of the mitral valve were not included: 
Patients with echocardiographic findings of ruptured chordae without surgical 
confirmation were also excluded. During a 2 year period, 45 patients underwent 


surgical therapy for pure mitral insufficiency. Twenty-six patients (Group D 


had the anatomic finding of ruptured chordae tendineae; the 19 patients (Group 
II) who had intact chordae tendineae served as control subjects for. this 


study. 


M mode echocardiographic studies: Echocardiograms were performed with 
the patient in the supine or left lateral decubitus position and use of a Smith- 
Kline/Ekoline 20A ultrasonoscope interfaced with an Irex 101 Continutrace. 
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recorder or use of an Irex System I ultrasonoscope and re- 
-corder. All studies were performed using a 2.25 megahertz 
- medium (7.5 cm), internally focused transducer. Slow and fast 
seans from the aorta to below the level of the mitral leaflets 
were performed in each patient. Large scale mitral valve 
echograms of all possible portions of the valve were recorded 
in each patient in order to facilitate analysis of leaflet mo- 
tion. 

Two dimensional echocardiographic studies: These 
studies were performed using either a Grumman Health 
Systems RT-400 or a Varian V-3000 phased array sector 
scanner. The integrity of the mitral valve apparatus was 
evaluated using the longitudinal, apical and right anterior 
oblique equivalent views.® The study was considered positive 
if one of these three views showed consistent loss of systolic 
mitral leaflet coaptation. 

Short axis views through the level of the mitral valve leaflets 
were also performed to detect the presence of mitral stenosis, 
a cleft anterior mitral leaflet or a defect in the systolic line of 
closure. 

Analysis of data: Both the M mode and two dimensional 
echocardiographic studies were performed by the same 
«© technician. All studies were reviewed by the two observers. 
When a positive diagnosis was made on two dimensional but 
missed on M mode study, the latter study was usually re- 
peated. 

The sensitivity, specificity, predictive accuracy and pre- 
--dictive value of both the M mode and two dimensional echo- 
< eardiographic criteria were calculated as follows: 


TABLE | 


: M Mode Echocardiographic Findings in 26 Patients With 
< Flail Mitral Valves (Group 1} 
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AML = anterior. mitral leaflet; LA = left atrium; MV = mitral valve; 
PML. = posterior mitral leaflet; + = present; — = absent. 





Sensitivity (percent) 
True positive (TP) 
= True positive (TP) + False negative (FN) 
Specificity (percent) 





x 100 


> True negative (TN) 
- True negative (TN) + False positive (FP) 
rate TP 
Predictive accuracy (percent) = TP EFP x 100 
Predictive value (percent) = SA x 100 
TN +FN 
Statistical comparisons were performed using either the chi 
square or McNemar tests. 


Results 


M mode echocardiographic findings: The M mode 
findings in 26 patients with a surgically proved flail 
valve (Group I) are tabulated in Table I. At least one 
finding of ruptured chordae tendineae (Fig. 1) was ob- 
served in 15 patients, including 5 of the 12 patients with 
a flail anterior leaflet and 10 of the 13 patients with a 


x 100 





flail posterior leaflet (1 patient had a technically inad- x 


equate study). Ten patients had none of these findings; 
2 of them had only holosystolic mitral prolapse, and 8 
had a normal mitral valve. 

The M mode echocardiographic findings in 19 control 
patients with intact chordae tendineae (Group II) are 
listed in Table H. Nine of these patients had at least one 
finding of a flail valve (Fig. 2). 

Two dimensional echocardiographic findings: 
Two dimensional echocardiography detected a flail 


TABLE ll 


Etiologic and M Mode Echocardiographic Data in 19 
Patients With Pure Mitral Insufficiency but intact Chordae 
Tendineae (Group fi) 








Diastolic 
MV Para- 
Systolic Flutter doxic 
MV —_—_—— PML LA 
Case Etiology Flutter AML PML Motion Echoes 
27 PMD + 
28 PMD = 


29 MV prolapse = 
30 Rheumatic ard 
31 Rheumatic ai 
32 Cleft AML 7 
33 Rheumatic = 
34 Rheumatic Ba 
35 Cleft AML _ 
36 PMD = 


37 Rheumatic = 

38 MV prolapse = 

39 Rheumatic Eg 

40 Rheumatic = 
PMD 


42 MV prolapse = 
43 Rheumatic = 
44 Rheumatic a 
45 Cleft AML = 


AML = anterior mitral leaflet; LA = left atrium; MV = mitral valve; 
MVP = mitral valve prolapse; PMD = papillary muscle dysfunction; PML 
= posterior mitral leaflet; + = positive finding tabulated; — = negative 
finding tabulated; 0 = finding not tabulated. 
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‘leaflet in 25 of 26 patients who had ruptured chordae 


tendineae at operation (p <0.005 compared with M 
mode echocardiography). In each patient there was loss 
of systolic leaflet coaptation and no chordae were seen 
toattach the tip of the involved leaflet to the papillary 


“muscles (Fig. 3). Technically it was important to “rock” 


the transducer back and forth to scan the entire mitral 


valve commissure in each view. Occasionally, the leaflets 


gum ee 


FIGURE 1. M mode echocardiographic findings of a flail mitral leaflet in three patients. A, from Patient 14 with a flail ae leaflet; paradoxic 
_ diastole posterior leaflet motion (arrow 1), systolic mitral leaflet flutter (arrow 2) and mitral valve prolapse (arrow 3) are shown. B, from Patient 

2 with a flail anterior leaflet; arrow 4 indicates coarse diastolic anterior leaflet flutter. C, coarse diastolic posterior leaflet flutter and early diastolic 
paradoxic posterior leaflet motion (arrow 5) in Patient 16 with a flail posterior leaflet. D, systolic intracavitary left atrial echoes (arrow 6)}-are seen 


_ 4p Patient 2 with a flail anterior leaflet (same patient as in Panel B). HF = high frequency phonocardiogram; LF = 
- LSB = left sternal border; Resp = respiration. 
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appeared normal in one plane and abnormal in an- 
other. 

There was loss of normal leaflet coaptation in 3 of the 
26 control patients (Cases 42 to 44). In one of these pa- 
tients, elongation of the chordae due to myxomatous 
degeneration produced the pattern of a flail leaflet; in 
the other two patients immobility of the posterior 
leaflet, secondary to the chordal retraction of rheurnatic 


low frequency phonocardiogram: 
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FIGURE 2. Three examples of false positive M mode echocardiographic findings of flail mitral leaflets. A, Case 36. Coarse anterior mitral leaflet 
flutter (dark arrow) occurred in a patient with fibrosis of the posterior papillary muscle. B, Case 31. Diastolic posterior leaflet flutter in a patient 
with pure rheumatic mitral insufficiency (dark arrow). The patient did not have aortic regurgitation. C, Case 29. Chaotic diastolic posterior leaflet 
motion (dark arrow) and mitral valve prolapse in a patient with the mitral valve prolapse syndrome, myxomatous mitral valve, severe mitral insufficiency 
and intact chordae tendineae. 
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FIGURE 3. Systolic frames of two dimensional echocardiograms in three cases of a flail mitral valve. Each frame is accompanied by a labeled, 
idealized diagram. A, Case 7. Long axis view of a flail anterior mitral leaflet (AML). The tip of the leaflet goes beyond the posterior mitral leaflet 
(PML) into the left atrium (LA) with loss of normal systolic leaflet coaptation. Note that chordae tendineae (CT) are attached to the posterior but not 
to the anterior mitral leaflet. B, Case 18. Similar findings in a patient with a flail posterior mitral leaflet; a long axis view is presented. C, Case 23. 
Apical view of a patient with a flail posterior leaflet. The apical view will occasionally show loss of systolic coaptation when the long axis view 
is normal. Also, the apical view is valuable in studying patients in whom the parasternal approach is technically impossible. A = anterior; Ao = 
aorta; L = left; LV = left ventricle; P = posterior; PM = papillary muscle; R = right; RA = right atrium; RV = right ventricle. 
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TABLE Ill 
Statistical Analysis of the M Mode and Two Dimensional Echocardiographic Findings 
TP TN FP FN Sens Spec PA PV 
M mode finding” 
Systolic MV flutter 6 18 1 19 24% 95% 86% 49% 
Diastolic flutter of 11 11 8 14 44% 58% 58% 44% 
the involved mitral leaflet 
Paradoxic (chaotic) 6 9 1 7 46% 90% 86% 56% 
PML motiont 
Systolic LA echoes 2 19 0 23 8% 100% 100% 45% 
One or more findings 15 10 9 10 60% 53% 63% 50% 
Two or more findings 7 18 1 18 28% 95% 88% 50% 
Two dimensional echocardiographic 25 16 3 1 96% 84% 89% 94% 
diagnosis 








* One patient had a technically inadequate study; data in only 44 patients are tabulated. 
t Only patients with a flail posterior leaflet (PML) are included; patients with rheumatic disease are excluded. 
FN = false negative; FP = false positive; LA = left atrial; MV = mitral valve; PA = predictive accuracy; PV = predictive value; Sens = sensitivity; 


Spec = specificity; TN = true negative; TP = true positive. 


disease, allowed the anterior leaflet to move beyond the 
line of closure into the left atrium (Fig. 4). However, 
these studies were somewhat different from those of 
typical flail valves; chordae were seen to attach the pa- 
pillary muscles to the tips of both the anterior and 
posterior leaflets. No control patient had mitral stenosis 
as judged from the two dimensional echocardiographic 
mitral valve area. Three control patients had a cleft 
anterior mitral leaflet. 

Surgical findings: All 26 patients with a flail mitral 
valve had mitral valve replacement. Three of these had 





FIGURE 4. Case 42. Diastolic (A) and systolic (B) frames 
of a false positive two dimensional echocardiographic 
study of a flail mitral leaflet. A right anterior oblique 
equivalent view is presented. Each frame is accompanied 
by a labeled idealized diagram. The patient had anterior 
mitral leaflet prolapse with severe mitral insufficiency and 
intact chordae tendineae. During systole, (B), the asym- 
metrically elongated chordae allowed the tip of the an- 
terior mitral leaflet (AML) to go beyond the tip of the 
posterior mitral leaflet (PML) into the left atrium (LA) with 
loss of systolic leaflet coaptation (open arrow). However, 
the chordae tendineae (CT) are continuous from the pa- 
pillary muscle to the tips of both the anterior and posterior 
mitral leaflets. Abbreviations as in Figure 3. 
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findings of endocarditis and one patient had papillary 
muscle rupture. Sixteen of the 19 control patients had 
mitral valve replacement. Three of the 19 had a cleft 
anterior mitral leaflet and had primary closure of the 
defect; the findings in the other 16 patients were rheu- 
matic disease (9 patients), papillary muscle fibrosis (4 
patients) and myxomatous leaflet degeneration (3 pa- 
tients). 

Statistical analysis: Table III summarizes the true 
positive, true negative, false positive and false negative 
M mode and two dimensional echocardiographic find- 
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ings. The calculated sensitivity, specificity, predictive 
aceuracy and predictive value of the two dimensional 
echocardiographic study proved superior to the pres- 
ence of at least one M mode echocardiographic finding 
of a flail valve (p <0.005, p <0.025, p <0.05 and p <0.02, 
respectively). 


Discussion 


Although the M mode and two dimensional echo- 
cardiographic findings in patients with flail mitral 
leaflets are well known, the statistical accuracy of these 
findings had not been established. In one study of 11 
patients with flail leaflets, Humphries et al. found that 
each patient’s M mode echogram showed systolic left 
atrial echoes, coarse diastolic anterior leaflet flutter, 
paradoxic diastolic posterior leaflet motion or early 
diastolic posterior leaflet flutter. In another study of 12 
patients, Child et al.° found that each had at least one 
M mode finding of a flail valve. In our study of 45 pa- 
tients who underwent surgery for pure mitral insuffi- 
ciency (26 with flail valves and 19 control patients with 
intact chordae tendineae), two dimensional echocar- 
diography was more sensitive and specific than M mode 
echocardiography in making this diagnosis. 

Patient selection: Only patients who underwent 
surgery for pure mitral insufficiency were included in 
our study. Thus, three groups of patients were not in- 
cluded: (1) patients with rheumatic mitral valve disease 
who had some component of mitral stenosis; (2) patients 
(including those with mitral valve prolapse) whose an- 
giograms did not reveal mitral insufficiency; and (3) 
patients with M mode or two dimensional echocardio- 
graphic features of a flail valve, but in whom anatomic 
confirmation was not available. 

The strict criteria for the selection of the control pa- 
tient group served to limit the specificity, predictive 
accuracy and predictive value of both echocardiographic 
techniques. If other patients had been added to the 
control group (for example, those with no angiographic 
findings of mitral insufficiency or those with mitral 
stenosis), these values would have been higher. How- 
ever, it is within the setting of clinical mitral insuffi- 
ciency that the diagnosis of a flail valve is important, 
and anatomic visualization must remain the “gold 
standard.” 

In approximately 1,500 consecutive studies, we found 
the two dimensional echocardiographic criteria of 
ruptured chordae tendineae in only six other patients 
not included in this report. Four of these six patients 
underwent neither cardiac catheterization nor valve 
replacement because of age, other medical problems or 
patient refusal; two of these patients had mitral valve 
endocarditis. Two other patients had angiographic 
evaluation, but the degree of mitral insufficiency was 
not severe enough to warrant surgery. Although these 
patients may have had ruptured chordae tendineae, 
they were not included because of the lack of surgical 
confirmation. 

M mode echocardiographic findings: The sensi- 
tivity of the M mode echocardiographic diagnosis of a 
flail mitral valve was 60 percent. In this series, the M 


mode echogram seemed more sensitive in detecting a 
flail posterior than a flail anterior leaflet (72 versus 42 
percent), but this difference did not reach statistical 
significance. The predictive accuracy of the M mode 
study (when one or more of the accepted criteria are 
present) was 63 percent; 63 percent of all positive 
findings in patients with significant mitral insufficiency 
were true positive findings. The predictive value of this 
test was 50 percent; 50 percent of all negative studies in 
patients with significant mitral insufficiency were true 
negatives. 

The specificity of the reported M mode echocardio- 
graphic features of flail valves was 53 percent; 47 percent 
of patients with significant mitral insufficiency and 
intact chordae had one finding of a flail valve, and 5 
percent had two findings of a flail valve. 

In the setting of clinical mitral insufficiency, three 
findings were fairly specific for a flail valve: systolic 
mitral valve flutter, paradoxic (chaotic) posterior leaflet 
motion and systolic intracavitory left atrial echoes. In 
contrast, coarse diastolic mitral valve flutter was non- 
specific for a flail valve in the setting of signifieant mi- 
tral insufficiency without stenosis. Eight control pa- 
tients without a flail valve had diastolic fluttering of one 
or both leaflets, and three patients with a flail anterior 
leaflet also had fluttering of the posterior leaflet. Pre- 
sumably, diastolic mitral valve fluttering can occur in 
any case of severe mitral insufficiency in which the 
leaflets are free to vibrate in diastole (not restrieted by 
rheumatic valvulitis). 

Two dimensional echocardiographic findings: 
The sensitivity of two dimensional echocardiography 
in the diagnosis of a flail valve was 96 percent. The 
predictive accuracy was 89 percent; 89 percent of all 
positive studies in patients with significant mitral in- 
sufficiency were true positive studies. The predictive 
value was 94 percent; almost all negative studies in this 
setting were true negative studies. 

The specificity of two dimensional echocardiography 
was 84 percent; 16 percent of patients with significant 
mitral insufficiency and intact chordae tendineae had 
a false positive study that indicates a flail valve. In three 
of our patients the diagnosis of ruptured chordae ten- 
dineae was incorrect, but the two dimensional findings 
suggested the mechanism of mitral insufficiency. In one 
patient (Case 42) who had the mitral valve prolapse 
syndrome, asymmetrically elongated chordae tendimeae 
allowed the tip of the anterior leaflet to prolapse beyond 
the posterior leaflet into the left atrium (Fig. 4). Al- 
though the chordae were intact, the anterior leaflet was 
“functionally flail.” In the other two patients (Cases 43 
and 44) who had rheumatic mitral insufficiency, the 
chordae tendineae to the posterior leaflet were thick- 
ened and retracted and those to the anterior leaflet were 
lax. During systole the posterior leaflet remained in a 
fixed position and the tip of the anterior leaflet overshot 
the fixed posterior leaflet into the left atrium. We hy- 
pothesize that loss of leaflet coaptation from posterior 
leaflet immobility caused the mitral insufficiency; the 
valve was “functionally flail.” We suggest that these 
patients may be distinguished from those with true flail 
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leaflets by detection of chordae attached to the involved 
leaflet; however, this possibility requires further 
study. 

Implications: Almost all cases of a flail valve are 
detectable with a two dimensional study whereas only 
60 percent have one or more M mode echocardiographic 
features. M mode echocardiography appears to detect 
more readily a flail posterior than a flail anterior leaflet. 
A false positive two dimensional echocardiographic 
study may occur if the chordae tendineae to the two 
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_leaflets are of different lengths because of asymmetric 


chordal retraction or elongation. Thus, the mitral valve 
may be “functionally flail” even though the chordae are 
intact. A false positive M mode study may occur because 
one of the most sensitive findings, diastolic mitral leaflet 
flutter, is a sign of severe mitral insufficiency as well as 
of ruptured chordae tendineae. It is evident from our 
study that two dimensional echocardiography is sta- 
tistically superior to M mode echocardiography in the 
diagnosis of flail mitral valve leaflets. 
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Of 45 patients who died after insertion of an intraaortic balloon assist 
device and who were studied at necropsy, 16 (36 percent) were found 
to have one or more complications (total 20) related to-use of the device. 
The 20 complications consisted of dissection of the aorta or its distal 


branches, or both (9), arterial perforation (3), arterial thrombi (3), arterial " 


emboli (3), limb ischemia (1) and iccal wound infection (1). Of the nine 
cases of arterial dissection, none were diagnosed or suspected before 
necropsy. Of the entire 20 complications, only 4 (20 percent) were sus- 
pected before death. Although the operating team frequently encountered 
no difficulty at the time of insertion of the device, 12 of the 20 complica- 
tions were a direct result of insertion of the intraaortic balloon assist de- 
vice. In two patients in whom insertion of the balloon caused dissection 
of the aorta, hemodynamic improvement occurred for 2 and 3 days, re- 
spectively, even though the “intraaortic” balloon (as well as the catheter) 
was not located in the true lumen of the aorta. Thus, clinical evaluation 
of complications related to use of the intraaortic balloon assist device 
underestimates their frequency. Most complications are consequences 
of insertion of the device, not consequences of its being in place. 


Use of the intraaortic balloon assist device for counterpulsation circu- 


latory assistance has gained widespread acceptance. By the end of 1978, _. 


its first decade of use, it was estimated that more than 22,000 such de- 
vices had been implanted worldwide.! Although the balloon device was 
initially developed and used for treatment of patients with cardiogenic 
shock,?** its application has been expanded to the prophylactic man- 
agement of patients with mild and moderate hemodynamic decom- 
pensation, and more recently of patients without such decompensa- 
tion." Clinical studies!°.8-1? have generally estimated that less than 
20 percent of patients receiving the intraaortic balloon have complica- 
tions related to its insertion or use. Nosystematic necropsy examination 


of patients undergoing insertion of the balloon has been performed. This 


report attempts to fill this void by summarizing clinical and morphologic 
findings in 45 necropsy patients whe died after insertion of the bal- 
loon. 


Study Patients 


The records of all patients examined at autopsy from January 1972 through 
April 1979 at the Clinical Center.of the National Institutes of Health and at the 
Washington Hospital Center were reviewed in a search for patients who had had 
the intraaortic balloon inserted; data on a-total of 33 such patients were retrieved. 
In addition, the records of 12 necropsy patients from six other medical centers 
who had had an intraaortic balloon inserted and whose heart and aorta had been 
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TABLE | 
Clinical Observations in 45 Patients Studied at Necropsy After Intraaortic Balloon Insertion 
Days Reason Balloon 
Men Age Underlying Disorder Balloon in Removed Survival After 
> = Group Cases {%} (yr) CHD VHD Other Place S Cc D Removal (days) 
-Operative 29 66 31-77 19 8 2 1-6 4 2* 23 17-34t 
: (m 58) (m2) (m 28) 
 Nonoperative 16 62 29-77 13 2 1 1-8 1 2 13 3-6 
Boe. (m 55) (m 2} (m 4) 
zo Fotal 45 64 29-77 32 10 3 1-8 5 4 36 3-34! 
(m 55) (m 2) im 4) 





* Includes two patients in whom the balloon could not be successfully inserted. 
+ Excludes one patient who survived 115 days after the balloon was removed. ae 
C = complication; CHD = coronary heart disease; D = death; m = mean; Pts. = patients; S = condition stabilized; VHD = valvular heart disease... 


examined in the Pathology Branch of the National Heart, 
Lung, and Blood Institute were retrieved. Thus, a total of 45 
necropsy patients who had had an intraaortic balloon inserted 
and who died within 105 days of the time of balloon insertion 
® form the basis of this report. 
< `The relevant clinical features of the study group are 
summarized in Table I. The indications for balloon insertion 
_ | were hemodynamic decompensation in 41 (91 percent) and 
_ prophylactic (for coronary bypass surgery) in 4. The balloon 
“device remained in place from 1 te 8 days (average 2). It was 
~ gemoved before death in seven patients; one of the seven 
survived 105 days after removal of the balloon, and the other 
six patients from 3 to 34 days (average 15) after its re- 
moval. 





Results 


Aortoiliac dissection: A total of 20 complications 
were observed in 16 patients (36 percent) (Table ID). 
Dissection of the aortoiliac axis occurred in nine pa- 
tients (six of whom had dissection for variable distances 
from the external iliac artery in retrograde direction into 
the aorta [Fig. 1 to 6]), and in none of the nine patients 
was the dissection suspected before death (Table IT). In 

© four of the nine patients insertion of the device occurred 

< without resistance or other difficulties. 

___. Arterial perforation: This complication was ob- 

-served at necropsy in three patients: In two, it had been 
suspected during insertion; in the third patient, no 
complication of balloon insertion had been suspected 
clinically but necropsy disclosed a large hematoma in 
the retroperitoneal area and a perforation in the left 
common iliac artery. 

Antemortem thrombus: This complication, unre- 
lated to underlying atherosclerotic plaques, was found 
in three patients. In one, thrombus was suspected an- 
temortem because of peripheral emboli. This 50 year old 
woman received an intraaortic balloon for cardiogenic 
shock due to acute myocardial infarction. During the 
5 days that the device was in place ischemia of the right 

“upper and left lower limbs developed. At necropsy (Fig. 
<7), there was thrombus lining the aortic intima along the 
path of the balloon device, as well as infarcts of the 
_ spleen and kidney but no thrombus in the heart. Emboli 
-to the right arm in this patient presumably resulted 
- -from retrograde perfusion of the transverse aorta during 





ventricular diastole; emboli causing the splenic and: 
renal infarcts and ischemic left leg probably originated 
from the mural aortic thrombus and then traveled in 
anterograde direction during ventricular systole. Ne- 
cropsy disclosed antemortem thrombus unrelated. to 
underlying atherosclerotic plaque in two other patients: 
at the bifurcation of the aorta in one patient and in the 
left leg at the site of balloon insertion in the other (Fig. ~ 
8). In neither patient was intravascular thrombus sus- 
pected before death. Three additional patients had 
clinically silent arterial emboli. All five patients with 
thrombi or emboli had received heparin systemically 
during the time the balloon had been in place. 

Local infection: Necropsy disclosed pus at the site 
of balloon insertion in one patient. This complication 
had not been suspected during life. In two other patients . 
in whom the balloon was implanted for septic shock, 
there was no evidence of seeding in either the balloon _ 
catheter or the prosthetic introducer graft. 

Type of balloon device: Among the 45 necropsy 
patients, an Avco type balloon had been utilized in 36 
patients (80 percent) and a Datascope type balloon in 
9 patients (20 percent). Among the 16 patients with one 
or more complications, an Avco balloon had been used 
in 11 (69 percent) and a Datascope balloon in the other | 
5 (31 percent). 


TABLE ll 


Complications Observed at Necropsy in 16 Patients After 
Intraaortic Balloon Insertion 




















Suspected 

Dueto Before Balloon insertion 
Complication Total insertion Death “Easy” “Hard” 5 
Arterial dissection 9 9 0 4 5 i 
Aorta and periph- 6 6 o 4 2 o 
eral artery me 
Peripheral artery 3 3 o 0 3 : 
Arterial perforation 3 3 2 0 3 E 
Arterial thrombi 3 0 1 0 o aa 
Arterial emboli 3 0 0 0 0 : 
ischemic limb 1 0 1 0 0 aS 
Local sepsis 1 0 0 0 9 4 

Total 20 12 4 8 8 
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Complications related to balloon insertion and 
technical skill: In 35 of the 45 patients the balloon was 
known to have been inserted by a senior staff surgeon 
experienced in the technique of balloon insertion. In the 
other 10 patients it was known only that the balloon had 
been inserted either by a senior staff surgeon experi- 
enced in the technique of balloon insertion or by a sur- 
geon-in-training in cardiovascular surgery under the 
direct supervision of a senior staff surgeon. Of the 35 
patients whose balloon device was definitely inserted 
by a senior staff cardiovascular surgeon, complications 
related to the balloon occurred in 12 (34 percent). Of the 


TABLE Ill 





FIGURE 1. Aorta and heart in a 65 year old woman with 
aortic dissection at the time of insertion of the balloon. 
a, intimal surface of abdominal aorta showing ulcerated 
atherosclerotic plaque (dashed circle) where balloon 
catheter left the true lumen of the aorta and entered the 
medial wall of the aorta producing a false channel, 
cross-sections of which are shown in b; c is an enlarge- 
ment of a section enclosed in the box in b. The false 
channel is filled with thrombus that compressed the true 
channel (TC), virtually closing it. The residual site of the 
balloon catheter is circled by broken lines in c. The pa- 
tient had the balloon inserted intraoperatively because 
she could not be weaned from cardiopulmonary bypass 
after replacement of the mitral (MV) and tricuspid (TV) 
valves with porcine prostheses (d). The balloon was re- 
moved on the 3rd postoperative day, when she was in 
hemodynamically stable condition. LAD = left anterior 
descending coronary artery; LC = left circumflex coro- 
nary artery; R = renal artery (a) and right coronary artery 
(d). 


10 remaining patients, complications related to the 
balloon occurred in 4. 


Discussion 


Factors related to complications: Of the 20 com- 
plications (in 16 patients), only 4 (20 percent) had been 
suspected before death. The mean age of the patients 
with complications (58 years) was similar (Fisher’s exact 
test) to the mean age of the patients without compli- 
cations (57 years) (Table III). Although only 16 (36 
percent) of the 45 study patients were women, 8 (50 
percent) had 11 of the 20 complications. However, the 


Factors Related to Balloon Insertion: Patients With Complications Versus Patients Without Complications 


Complica- Patients Insertion Attempts 
tions Total Men(%) Age (yr) T U S 
Present 16 50 43-77 20 15 5 
(m 58) 
Absent 29 76 29-77 34 28 6 
(m 57) 
Total 45 m 64 29-77 54 43 11 
(m 58) 


Insertion Sites 


Leg 
20 
31 
51 





Insertion Timing Ealloon Insertion 








Aorta No O Pro IO Po O “Easy” “Hard” 
0 7 4 2 3 10 6 
3 9 6 9 5 24 5 
3 16 10 11 8 34 11 


IO = intraoperative; m = mean; No O = no operation; Po O = postoperative; Pr O = preoperative; S = successful; T = total; U = unsuccessful. 
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FIGURE 2. Same patient. Drawing of the apparent manner in which 
dissection was produced in the patient whose aorta is illustrated in 
Figure 1. A, the catheter entered through an ulcerated atherosclerotic 
plaque in the abdominal aorta and functioned successfully for 3 days 
even though it was located in the false channel. B, after removal of the 
balloon the patient survived for 28 days, during which time organized 
thrombus filled the false channel (C). 


male/female ratio of the groups with and without 
complications was not significantly different. 

Patients with complications were also not distin- 
guished from patients without complications either by 
the indication for insertion (hemodynamic decompen- 
sation was the indication for the vast majority of both 
groups) or by the underlying cardiac disorder (coronary 
heart disease was the cause in nearly 75 percent of each 
group). The number of unsuccessful attempts at in- 
sertion did not necessarily predict a complication. 
However, the proportion of difficulties acknowledged 
by the operator was greater among the patients with (38 
percent) than among those without (17 percent) ob- 
served complications. An “easy” insertion did not pre- 
clude a complication, and a difficult insertion did not 
necessarily imply a complication. 

Insertion-related complications: Most complica- 
- tions of the balloon appear to result from insertion of 
the device. Insertion was more difficult and was at- 
tended by a higher complication rate in patients 
undergoing cardiac operations than in patients in whom 
a surgical procedure was not performed (Table IV). Of 
37 attempts at 37 different sites in the 29 operative 
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FIGURE 3. Adventitial (a) and intimal (b) surfaces of the aorta of a 77 
year old man who had an intraaortic balloon inserted for shock due to 
rupture of the ventricular septum (arrow, c) after acute myocardial in- 
farction. At necropsy, the balloon (arrows, a) could be seen in the false 
channel through the translucent adventitia; hemorrhage (arrows, b) 
observed on the intimal surface reflected the site of the false channel. 
LV = left ventricle; RV = right ventricle. 


patients, 11 complications occurred and 8 were related 
to insertion. In contrast, only one unsuccessful attempt 
at insertion was made among the 16 nonoperative pa- 
tients and only three complications were related to in- 
sertion. 

Frequency of complications: Although the in- 
traaortic balloon is currently a standard therapeutic 
modality in many institutions, analysis of the morbidity 
of this device has largely been restricted to clinical ob- 
servations. !:56:8-19 Such investigations have estimated 
the frequency of complications of the balloon to be be- 
tween 0 and 36 percent (average 12 percent).!:5.6:8-19 
There are several reasons why clinical studies may un- 
derestimate the true frequency of complications of in- 
traaortic balloon insertion. First, the injury resulting 
from use of the device may go unrecognized unless it 
results in a relatively catastrophic clinical consequence. 
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FIGURE 4. Intimal surface of aorta and cut surfaces of both kidneys in a 62 year old man. The left common iliac (LCI) artery and the abdominal aorta 
are dissected and the false channel (dashed parallel lines) is filled with thrombus. The thrombus protrudes above the false channel at its exit site 
at the level of the renal arteries (dashed circle). It appears that part of the thrombus in the false channel dislodged and migrated to small renal arteries 


of both kidneys producing multiple renal cortical infarcts (arrows). 


Second, survival after attempted balloon insertion is 
often short; consequently, there may be inadequate time 
for the complications resulting from the balloon inser- 
tion to evolve into clinically overt signs and symptoms. 
Third, most studies of complications related to the 
balloon exclude patients in whom the balloon could not 
be successfully inserted. The frequency of complications 
in such patients is likely to be equal to, if not greater 
than, that in patients in whom balloon insertion was 
successful, and exclusion of such patients results in a 
falsely low estimate of total balloon-related complica- 
tions. Fourth, even those clinical studies in which some 


TABLE IV 


Balloon Insertion Data: Operative Versus Nonoperative Groups 


clinical observations were confirmed by necropsy may 
have underestimated the overall frequency of balloon- 
related complications if they were not looked for spe- 
cifically. 

Recognition of aortoiliac dissection: These prob- 
lems are best illustrated by the 9 of our 45 patients in 
whom dissection of the aortoiliac axis was observed at 
necropsy. In none of the nine patients was dissection 
suspected, much less recognized, before death, and in 
two of the nine patients balloons functioned properly 
for 2 (Fig. 3) and 3 (Fig. 1 and 2) days, respectively, even 
though they were situated in the false channel. Thus, 











Pts. Insertion Attempts Insertion Sites Insertion Timing Complications 

Group (n) S U T Leg Aorta Pro IO Po O Total l 
Operative 29 27 10 37 34 g 10 11 8 11 8 
Nonoperative 16 16 1 17 17 0 0 0 0 9 4 
Total 45 43 11 54 51 3 10 11 8 20 12 





| = due to insertion; IO = intraoperative; Po O = postoperative; Pr O = preoperative; S = successful; T = total; U = unsuccessful. 
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K FIGURE 5. Postmortem radiograph (a) and cross-sections (b and c) of 
the aorta in a 49 year old woman who received the intraaortic balloon 
for shock after a coronary bypass operation. The aorta was relatively 
free of atherosclerotic plaques, contained no calcific deposits (as il- 
lustrated in a) and was judged on gross examination to be normal. 
However, sections at 1 cm intervals (b) disclosed a dissection of the 
left common iliac artery and the distal portion of the abdominal aorta 
(c). The dissection was not suspected either before death or on initial 
examination at necropsy. 


without necropsy, none of the nine patients would have 
been classified as having had a complication. Only three 
of the nine patients with a dissection survived for more 
than 2 days after insertion. Wolfson et al.!> and 
McEnany et al.! have pointed out that there may be a 
substantial delay in the appearance of clinical signs of 
dissection (pain, reduction in hematocrit, radiographic 
abnormalities) despite injury to the arterial wall. Thus, 
in at least some patients, the limited survival after 
balloon insertion probably prevented the development 
of overt clinical signs of dissection that would have al- 
lowed clinical recognition of a balloon-related compli- 
cation. 

The nine patients with dissection related to the bal- 
loon included two patients in whom the device could not 
be successfully inserted in at least one leg: In one patient 
the device ultimately was inserted in the contralateral 
leg, but in the second patient unsuccessful attempts to 
pass the balloon through either leg resulted in dissection 
of both iliac arteries and the abdominal aorta (Fig. 6). 
This pair of complications (dissections) would have 
been excluded from some reports because successful 
balloon insertion was not accomplished. 

Furthermore, in three patients aortoiliac dissection 
~ was not suspected initially at necropsy from the gross 
appearance of the aorta and the proximal iliac arteries; 
only when the aorta, iliac arteries and proximal 
branches of the iliac arteries were cross-sectioned at 1 
cm intervals was the dissection apparent (Fig. 5). Thus, 
a lack of systematic necropsy examination would have 
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FIGURE 6. Severely calcified atherosclerotic plaques (a) in the ab- 
dominal aorta and common iliac arteries in a 66 year old woman. The 
common iliac arteries were severely narrowed by the plaques, which 
prevented successful insertion of the balloon. Multiple insertion attempts 
in both lower limbs resulted in dissection of both common iliac arteries 
(b). 


resulted in failure to diagnose dissection of the aortoiliac 
axis in at least three patients. In those patients in whom 
the balloon is not in place at necropsy because of its 
prior removal, systematic examination of the distal 
aorta, and particularly its distal branches, may not be 
carried out. 

Recognition of arterial perforation: Of the three 
patients with arterial perforation secondary to balloon 
insertion, in two the complication was suspected clini- 
cally by the surgeon at the time of balloon insertion. The 
remaining patient survived less than 12 hours after 
admission for acute myocardial infarction. Balloon 
counterpulsation had been initiated because of hypo- 
tension that persisted and the patient died shortly 
thereafter. The retroperitoneal bleeding discovered at 
necropsy had not been suspected during life; this pa- 
tient’s short survival time may not have allowed ade- 
quate time to evaluate fully the potential contribution 
of balloon-related bleeding to the patient’s hypotension. 
In addition, this patient serves to emphasize the diffi- 
culty of evaluating complications related to the balloon 
in patients whose baseline state is itself catastrophic. 
In the normotensive patient (one receiving the balloon 
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prophylactically, for example) the precipitous onset of 
hypotension after balloon insertion would presumably 
be recognized as a catastrophic event. In contrast, in the 
patient who is hypotensive because of pump failure 
before balloon insertion, the persistence of hypotension 
after insertion would not be considered a new cata- 
strophic event; more likely, it would be interpreted as 
pump failure refractory to counterpulsation. 
Recognition of arterial thrombi or emboli: Of the 
six patients with arterial thrombi or emboli, one who 
survived 5 days had clinical manifestations that allowed 
antemortem recognition of these complications (Fig. 7). 
‘This patient had thrombus adherent to the aortic intima 
along the path of the balloon; emboli, almost surely from 
this thrombus, resulted in clinically recognizable isch- 
emia of the right arm and left leg and clinically silent 
renal and splenic infarcts. To our knowledge, this is the 
first patient described in whom arm ischemia appears 
to have occurred as a result of retrograde embolization 
from an intraaortic balloon. A second patient, who 
survived less than 24 hours, had a brain-stem embolus 
and massive intracerebral bleeding that was not diag- 
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FIGURE 7. Drawing of the presumed pathogenesis of limb isch- 
emia resulting from use of the balloon in a 50 year old woman with 
shock from acute myocardial infarction. During the 5 days that the 
device was in place (A), the patient had ischemia of the right arm 
and left leg. At necropsy, there were embolic infarcts of the spleen 
and right kidney and thrombi adherent to the intimal surface of the 
aorta along the path of the balloon catheter. (No thrombus was 
present in the heart.) Emboli from the balloon catheter-induced 
thrombus along the aortic wall appear to have resulted in right arm 
ischemia from retrograde perfusion of the proximal arch arteries 
by the balloon during ventricular diastole (B); distal (anterograde) 
emboli resulted in visceral and left leg ischemia (C). 


nosed before death. In this patient, too, the (cerebral) 
embolus may have resulted from retrograde emboliza- 
tion from the balloon (although no thrombus was found 
along the aortic wall) because other sources of emboli 
were absent. The remaining four patients with throm- 
boembolism, two of whom survived less than 48 hours, 
had no clinical signs suggesting a thrombotic or embolic 
complication. In the absence of necropsy, none of these 
patients would have been identified as having a bal- 
loon-related complication. However, it is likely that had 
the woman with a large thrombus at the bifurcation of 
the aorta survived, ischemia of the leg might well have 
resulted. Beckman et al.! and other investigators!18 
have emphasized that symptoms of limb ischemia re- 
lated to balloon insertion may not appear for some time 
after insertion. Finally, the thrombotic and embolic 
complications in these six patients all occurred despite 
use of systemically administered heparin. 

The single case of localized wound sepsis also was not 
suspected before death, again presumably because of 
a short (12 hours) survival after balloon insertion. Al- 
though the balloon and its Dacron® graft introducer 
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represent two potential niduses for infection, none of 
our three patients with systemic sepsis had secondary 
seeding of these two foreign bodies. 

Causes of complications resulting from insertion 
of the balloon: Most previous reports of balloon-related 
complications diagnosed clinically among large groups 
of patients have indicated that most complications re- 
sulted from obstruction to the arteries supplying blood 
to the legs®-!9.12,18.19: Jess frequently, insertion of the 
device has been cited as the primary etiologic factor.!:! 
In our patients, 12 of the 20 complications (60 percent) 
resulted from insertion of the balloon. The relatively 
short duration of survival after balloon insertion may 
explain why there were not more patients with leg 
ischemia. If such an assumption is valid, then the fre- 
quency of complications among our patients would be 
even higher than 35 percent. Easy insertion of the bal- 
loon does not preclude serious complications: In four 
patients with dissection of the aorta, the surgeon denied 
difficulty with insertion, including having to “push 
hard.” Whether the complications result primarily from 
~ obstruction to arteries to the legs or from insertion of 
the device, the ultimate determinant of balloon-related 
complications in most patients is the status of the na- 
tive arteries. Older age and female sex should theoret- 
ically affect in a detrimental way the capability of the 
native circulation to accommodate the balloon. The 
caliber of the arteries in women is generally smaller than 
that in men,” and thus their arteries are more difficult 
to cannulate and are potentially less capable of pro- 
viding adequate blood flow around the balloon catheter. 
The older the patient, the greater is the likelihood that 
atherosclerotic obstructive disease will diminish the 
amount of lumen available to accommodate the balloon 
catheter. However, complications of insertion are not 
restricted to patients with peripheral vascular disease; 
dissection complicated insertion of the balloon in the 
patient illustrated in Figure 5 although the aorta and 
its distal branches were free of significant atheroscle- 
rotic plaques. 

Insertion of the balloon was more difficult and asso- 
ciated with a greater frequency of complications in pa- 
tients who underwent cardiac operations than in those 
who did not. Our finding is contrary to that of Lefemine 
et al.° The reason for the disparate observations is un- 
clear. 

Role of type of device: The balloon catheter pres- 
ently used with the Avco intraaortic balloon assembly 
is several times stiffer than that manufactured by Da- 
tascope. However, of the 20 complications described in 
this report, 7 (including 4 arterial dissections and 2 ar- 
terial perforations) occurred in patients in whom the 
Datascope device had been used. Therefore, complica- 
tions, including those related to insertion, do not appear 
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FIGURE 8. Intimal surface of the abdominal aorta and common iliac 
arteries showing thrombus in the left common iliac artery (dashed box 
in a, enlarged in b) in a 50 year old man. The thrombus was adherent 
to both the balloon device and the intima of the left common iliac artery. 
The balloon produced transient hemodynamic benefit for 2 days before 
refractory hypotension from hypertrophic cardiomyopathy developed 
(c). 


to be simply a function of the type of balloon catheter 
used by a particular center. 

Implications: Our study suggests that previous re- 
ports of the frequency of balloon-related complications, 
based largely on clinical observations, have underesti- 
mated the complications of this device. Aortoiliofemoral 
angiography or Doppler monitoring, or both, has been 
recommended,'®:?! but apparently not frequently used 
to assess more optimally the distal arteries housing the 
balloon device. The addition of a central lumen to the 
intraaortic balloon catheter to allow pressure moni- 
toring!’ may also help avoid complications related to 
balloon insertion. 
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CORGARD® TABLETS 
Nadolel Tablets 


DESCRIPTION: Corgard (nadolol) is a synthetic nonselective beta-adrenergic 
receptor blocking agent. 


CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater 
than first degree conduction block, cardiogenic shock, and overt cardiac 
failure (see WARNINGS). 

WARNINGS: Cardiac Failure—Sympathetic stimulation may be a vital 
component supporting circulatory function in congestive heart failure, and its 
inhibition by beta-blockade may precipitate more severe failure. Although 
beta-blockers should be avoided in overt congestive heart failure, if 
necessary, they can be used with caution in patients with a history of failure 
who are well-compensated, usually with digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on 
heart muscle. INPATIENTS WITHOUT A HISTORY OF HEART FAILURE, 
continued use of beta-blockers can, in some cases, lead to cardiac failure; 
therefore, at first sign or symptom of heart failure, digitalize and/or give 
diuretics, and closely observe response, or discontinue nadolol (gradually if 
possible). 


Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal — 
Hypersensitivity to catecholamines has been observed in patients withdrawn 
from beta-blocker therapy; exacerbation of angina and, in some cases, 
myocardial infarction have occurred after abrupt discontinuation of such 
therapy. When discontinuing chronic use of nadolol, particularly in patients 
with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
period and carefully monitor the patient. Reinstitute nadolol promptly (at 
least temporarily) and take other measures appropriate for management of 
unstable angina if angina markedly worsens or acute coronary insufficiency 
develops. Warn patients not to interrupt or discontinue therapy without 
physician's advice. Because coronary artery disease is common and may be 
unrecognized, it may be prudent not to discontinue nadolol therapy 
abruptly even in patients treated only for hypertension. 


Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) — 
PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL 
NOT RECEIVE BETA-BLOCKERS. Administer nadolol with caution since it 
may block bronchodilation produced by endogenous or exogenous 
catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta blockade impairs the ability of the heart to 
respond to reflex stimuli and may increase risks of general anesthesia and 
surgical procedures, resulting in protracted hypotension or low cardiac out- 
put, it has generally been suggested that such therapy should be withdrawn 
several days prior to surgery. Recognition of the increased sensitivity to 
catecholamines of patients recently withdrawn from beta-blocker therapy, 
however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform 
the anesthesiologist that the patient is on beta-blocker therapy. Use of beta- 
receptor agonists such as isoproterenol, dopamine, dobutamine, or levartere- 
nol can reverse the effects of nadolol. Difficulty in restarting and maintaining 
the heart beat has also been reported with beta-adrenergic receptor blocking 
agents. 

Diabetes and Hypoglycemia — Beta-adrenergic blockade may prevent the 
appearance of premonitory signs and symptoms (e.g., tachycardia and blood 
essure changes) of acute hypoglycemia. This is especially important with 
labile diabetics. Beta-blockade also reduces release of insulin in response to 
hyperglycemia; therefore, it may be necessary to adjust dose of antidiabetic 

rugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs 
(e.g., tachycardia) of hyperthyroidism. To avoid abrupt withdrawal of beta- 
adrenergic blockade which might precipitate a thyroid storm, carefully 
manage patients suspected of developing thyrotoxicosis. 

PRECAUTIONS: Impaired Hepatic or Renal Function — Use nadolol with 
caution in presence of either of these conditions (see DOSAGE AND 
ADMINISTRATION section of package insert). 

Information for Patients — Warn patients, especially those with evidence 
of coronary artery insufficiency, against interruption or discontinuation of 
nadolol without physician's advice. Although cardiac failure rarely occurs in 
properly selected patients, advise patients being treated with beta-adrenergic 
gating agents te consult physician at first sign or symptom of impending 
ailure. 

Drug Interactions — Catecholamine-depleting drugs (e.g., reserpine) may 
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Spectrax™..an exceptional new family of 
pacemakers from Medtronic...provides an 
abundance of viable alternatives for meeting 
individual patient needs. 

Spectrax-VL...a small, simple, demand 
pacemaker for longer service life. 

Spectrax-SX ...the smallest, most versatile 
programmable pacemaker yet, for precise 
noninvasive adjustment of rate, pulse width, 
sensitivity, refractory period, hysteresis, pulse 
amplitude and pacing modes, can be used as a 
ventricular or atrial pacemaker. 

Both the Spectrax-VL pacemaker and the 
Spectrax-SX pacemaker have the Medtronic 
Pacing for Life™ warranty. 

The Spectrax family provides for precise 
management of a wide variety of conditions. 
This extensive flexibility can make possible a 
more comfortable, normally active life for 
many patients. 
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Medtronic” Implantable Pulse Generators 


Intended Uses—Ventricular pacing using an implantable 
ventricular pulse generator and lead system are for long- 
term therapeutic control of heart rate in patients with im- 
pulse formation or conduction disorders leading to bradyar- 
rhythmias, tachyarrhythmias and heart block (see product 
labeling for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in 
patients with impulse formation disorders but with intact, 
functioning A-V conduction systems. 


Contraindications—There are no known contraindications 
to the use of pacing as a therapeutic modality for the control 
of heart rate in patients with normal conduction systems. In 
certain patients with anomalies of the conduction system 
(WPW syndrome and related conditions), patients may be 
benefited or harmed by cardiac pacing. Therefore, elec- 
trophysiologic studies are required prior to therapeutic ap- 
plication of pacing. In addition, the patient's age and medi- 
cal condition may dictate the particular pacing system and 
implantation procedure used by the physician. 


Warnings—Diathermy should not be used on patients with 
pacemakers because of possible heat damage to elec- 
tronic components. Electrosurgical units should never be 
used in the vicinity of unipolar pulse generators or bipolar 
pulse generators implanted in the unipolar mode because 
of danger of introducing fibrillatory currents into the heart 
via the implanted pulse generator/lead. Pulse generators 
may be damaged by defibrillatory discharges if the paddles 
are placed over the implanted pulse generator. (See prod- 
uct labeling for a complete list of warnings and precau- 
tions.) 


Precautions—The physician should be aware that all pulse 
generators will ultimately cease to function due to cell de- 
pletion and may fail at any time due to random component 
or battery failures which cannot be predicted prior to failure. 
Also, that the pacing system may cease to function at any 
time due to lead-related problems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and 
medical complications, and that proper operation may be 
affected by electrical interference from certain electrical 
equipment. 


Side Effects—Body rejection phenomena, including local 
tissue reaction, muscle and nerve stimulation, infection, 
erosion of pulse generator/lead through skin, transvenous 
lead-related thrombosis, embolism and cardiac tam- 
ponade. 


Model 9700/9701 Programmers 


Intended Use—The Medtronic® Model 9700 and 9701 Pro- 
grammers are designed to be used by a physician for 
noninvasively programming the Medtronic® pulse 
generators listed in their respective technical manuals. The 
programmers may also be used to measure the rate and 
pulse width of implanted pacemakers. 

There are no known contraindications or major poten- 
tial complications associated with use of the programmer. 
However, these devices should not be used without prior 
study of the technical manual supplied with each pro- 
grammer. 


Warnings—The programmers should only be used for pro- 
gramming the Medtronic® pulse generators designated in 
the respective technical manuals. Direct stimulation by 
energy coupling may occur if the programmers are used on 
other implanted devices. The programmers are not compat- 
ible with pulse generators of other manufacturers. See 
product labeling for a complete list of warnings and precau- 
tions. 
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When thallium-201 imaging is indicated: Seven months following 

coronary bypass, he reports 
return of 
chest pai 





As the population of successful 
coronary bypass patients contin- 
ues to grow, physicians will en- 
counter an increasing number 
who report a return of chest pain 
after varying postoperative 
periods. 

Complaints of chest pain in 
post-bypass patients deserve 
thorough, progressive workup... 
usually including exercise electro- 
cardiography. Without exercise 
ECG evidence of myocardial - 
ischemia, the clinician must de- 
cide on symptoms alone whether 
or not to suggest repeat coronary 
angiography. In such a setting, 
myocardial perfusion imaging 
with thallium-201 may rule out— 
or confirm—the possibility of 
electrically silent graft occlusion 
or extension of disease. 


Localizes in perfused 
myocardium 

Thallium-201 is a radioactive 
isotope that, following intraven- 
ous injection, distributes within 
myocardial cells in proportion to 
regional perfusion. Nuclear medi- 
cine imaging performed following 
injection will display relative re- 
gional perfusion and myocardial 
cell viability. 





When used in conjunction with 
stress electrocardiography, 
thallium-201 has proven success- 
ful in demonstrating regional ische- 
mia that may escape detection by 
ECG. A region that appears 
“cold” following exercise and 
injection, but “fills in” on repeat 
imaging a few hours later, sug- 
gests stress ischemia secondary 
to fixed stenosis that restricts 
perfusion during exercise. A 
region that remains persistently 
“cold” generally indicates irre- 
versible myocardial scarring. 


Reveals graft 
patency/occlusion 


Many institutions routinely 
perform preoperative and postop- 
erative stress thallium studies to 
obtain functional evidence of 
graft-mediated reperfusion of 
formerly ischemic regions. This 
sequence of studies can serve as 
a valuable baseline in the event 
that the patient returns with a 
complaint of chest pain: 
= [f a repeat thallium study 
discloses ischemia in the regions 
formerly perfused by the grafts, 
occlusion may be suspected. 
= If the repeat study suggests 
new areas of ischemia, progres- 
sion of atherosclerotic disease 
may have occurred. 

m If the repeat study is essen- 
tially unchanged from the post- 
operative findings, nonischemic 
etiology should be explored. 


Useful with/without baseline 


Even if baseline stress-thallium 
studies are not available, this 
procedure can still provide 
valuable diagnostic guidance— 
particularly if it is negative, or 
displays clear evidence of ische- 
mia in the grafted regions. 


Information, teaching 
program available 

New England Nuclear offers an 
extensive range of journal reprints 
on the use of thallium-201 
imaging, and provides teaching 
rounds material and reference 
monographs at no charge, as a 
service to the profession. For 
more information on thallium-201, 
use the coupon below, or call 
800-225-1572, ext 2234 
toll free. 
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See following page for brief summary of prescribing information. 
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Thallous Chloride 
TI 201 


For Diagnostic Use November 1977 


Indications and Usage: Thallous Chloride T] 201 may be useful in myocardial 
perfusion imaging for the diagnosis and localization of myocardial infaretion. 
imay alse be useful in conjunction with exercise stress testing as an adjunct 
in the diagnosis of ischemic heart disease (atheroselerotic coronary artery 
disease). 

Contraindications: None known. 

Warnings: In studying patients in whom myocardial infarction or ischemia is 
known or suspected, care should be taken to assure continuous clinical moni- 
toring and treatment in accordance with safe, accepted procedure. Exercise 
stress testing should be performed only under the supervision of a qualified 
physician and in a laboratory equipped with appropriate resuscitation and 
support apparatus. 

Ideally, examinations using radiopharmaceutical drug products—especially 
those elective in nature—of women of childbearing capability should be 
performed during the first ten days following the onset of menses. 
Precautions: Data are not availabl cerning the effect of marked alterations 
in bloed glueose, insulin, or pH (such as is found in diabetes mellitus) on the 
quality of thallium TI 201 scans. Attention is directed to the fact that thallium 
ig @ potassium analog, and since the transport of potassium is affected by these 
factors, the possibility exists that the thallium may likewise be affected. 
Thallous Chloride Tl 201, as all radioactive materials, must be handled with care 
and used with appropriate safety measures to minimize external radiation 
exposure to elinieal personnel. Care should also be taken to minimize radiation 
exposure to patients in a manner consistent with proper patient management. 
No long-term animal studies have been performed to evaluate carcinogenic 
potential. 

Adequate reproduction studies have not been performed in animals to deter- 
mine whether this drug affects fertility in males or females, has teratogenic 
potential, or bas other adverse effects on the fetus. Thallous Chloride TI 201 
should be used in pregnant women only when clearly needed. 

It isnot known whether this drug is excreted in human milk. As a general rule 
nursing should not be undertaken when a patient is administered radioactive 
material 

Safety and effectiveness in children have not been established. 

Adverse Reactions: Adverse reactions related to use of this agent have not been 
reported to date. 

Dosage and Administration: The recommended adult (70kg) dose of Thallous 
Chloride TI 20% is 1-1.5mCi. Thalleus Chloride T} 201 is intended for intravenous 
administration only. 

For patients undergoing resting thallium studies, imaging is optimally begun 
within 10-20 minutes after injection. Several investigators have reported 
improved myoeardial-to-background ratios when } atients are injected in the 
fasting state, in an upright posture, or after briefly ambulating. 

Best results with thallium imaging performed in conjunction with exercise 

siréss testing appear to be obtained if the thallium is administered when the 
patient reaches maximum stress and when the stress is continued fer 30 
seconds to one minute after injection. Imaging should begin within ten minutes 
pos -injection since target-to-background ratio is optimum by that time, 
several investigators have reported significant decreases in the target-to-back- 
ground ratios of lesions attributable to transient ischemia by two hours after 
the completion of stress testing. 

The patient dose should be measured by a suitable radioactivity ealibration , 
system immediately prior to administration. 

Radiopharmaceaticals should be used by persons with specific training in the 
safe use and handling of radionuclides produeed by nuclear reactor or particle 
accelerator and whose experience and training have been approved by the 
appropriate government agencies authorized to license the use of radionuclides. 
How Supplied: Thallous Chloride Tl 201 for intravenous administration is 
supplied as a sterile, non-pyrogenic solution containing at calibration time, 
ImCiml of Thailous TI 201, 9mg/mi sodium chloride, and 9mg/ml of benzyl 
alcohol. The pH is adjusted to between 4.5-6.5 with hydrochloric acid and/or 
sodium hydroxide olution. Vials are available in the following quantities of 
radioactivity: 1.5; 3.0, 45, 6.0, and 9.0 millicuries of Thallous T1201. 

The contents of the vial are radioactive. Adequate shielding and handling 
precautions must be maintained. 
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BRIEF SUMMARY 
MINIPRESS°® (prazosin hydrochloride) CAPSULES For Oral Use 
INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in 
activity. It can be used as the initial agent or it may be employed in 4 general 
treatment program in conjunction with a diuretic and/or other antihypertensive 
drugs as needed for proper patient response 
WARNINGS: MINIPRESS (prazosin hydrochloride) may cause synéope with 
sudden loss of consciousness. In most cases this is believed to bê due toan 
excessive postural hypotensive effect, although occasionally the syncopal 
episode has been preceded by a bout of severe tachycardia with heart rates 
of 120-160 beats per minute. Syncopal episodes have usually occurred 
within 30 to 90 minutes of the initial dose of the drug; occasionatty they have 
been reported in association with rapid dosage increases or the introduc- 
~ iioh.3# another antihypertensive drug into the regimen of a patient taking 
“high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 1% in patients given an initial dose of 2 
mg or greater. Clinica! trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting the 
initial dose of the drug to 1 mg, by subsequently increasing the dosage 
slowly, and by introducing any additional antihypertensive drugs into the 
patient's regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope eccurs, the patient should be placed inthe recumbent position and 
treated supportively as necessary, This adverse effect is self-limiting and inmost 
cases does not recur after the initial period of therapy or during subsequent dose 
titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for initial 
therapy. 

More common than loss of consciousness are the symptoms often associated 
with lowering of the blood pressure, namely, dizziness and lightheadedness. The 
patient snould be cautioned about these possible adverse effects and advised 
what measures to take should they develop. The patient should also be 
cautioned to avoid situations where injury could result should syncope occur 
during the initiation of MINIPRESS (prazosin hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal 
testing, the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not 
been established. MINIPRESS (prazosin hydrochloride) is not recommended in 
pregnant women unless the potential benefit outweighs potential risk to mother 
and fetus 
Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therepy are: dizziness 10.3%, headache 


Titrate to 
10 mg b.1.d. 


Titrate to 
5 mg b.1.d? 
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a Dosage Titration: | trate dosage slowly 
ccording to patient response to a max! 
) rng daily in divided doses. Although 
Jatients May be controlled on 1 mg bid 
1. generally 6 mg to 15 mg daily will be 
needed in the majority of responding patients to 
ichneve Optimal blood pressure control 
a Maintenance Therapy: Maintain therapy ona bid or 
t: (d dosage regimer after initial titration. If optimum con 
trol is not achieved with Minipr the initial agent. consider 
idding a diuretic If optimum control is not achieved with 
Minipress and a diuretic Consider adding another Step 2 anti 
hypertensive agent When adding a diuretic or other antihypertensive 


gent. dosage of Minipress should be reduced to 1 mg or 2 mg tid 


rettrated a 


available in 1-mg. 2-mMg anc 5-mg capsules 





7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, palpitations 5.3% 
and nausea 4.9%. In most instances side effects have disappeared with 
continued therapy or have been tolerated with no decrease in dose of drug. 

The fallowing reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causal relation- 
ships have not been established) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ 
or pain 

Cardiovascular: edema, dyspnea. syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritus. 

Genitourinary: urinary frequency, incontinence, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasa 
congestion 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and afew reports 
of cataract development or disappearance have been reported. In these 
instances, the exact causal relationship has not been esiablished because the 
baseline observations were frequently inadequate. 

In more specific slit-lamp anc fundwscopic studies, which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings 
nave been reported 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration 

Initial Dose: 1 mg two or three times ê day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 
mg given in divided doses. The therapeutic dosages most commonly employed 
have ranged from 6 mg to 15mg daily given in divided doses. Doses higher than 
20 mg usually do not increase efficacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg oré 
mg three times a day and retitration then carried out 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, ana 
unit dose institutional packages of 100 (10 x 10's); and 5 mg (blue and white #438) 
capsules in bottles of 250, 500 and unit dose institutional packages of 100 (10 x 
10's) 

More detailed information availabie on request? 
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: Effect of Verapamil on Regional Coronary and 
— Myocardial Perfusion During Acute Coronary Occlusion 


To elucidate the mechanism of action of the calcium antagonist verapamil; 
S-T segment mapping, retrograde coronary flow and regional coronary. 
resistance were studied in 28 dogs subjected to acute coronary occlusion. - 
Retrograde coronary flow was measured directly through catheterization 
of the distal occluded coronary artery. Regional coronary resistance was 
calculated by dividing mean distal coronary pressure by coronary flow. 
Verapamil (0.8 mg/kg) administered intravenously to eight dogs 30 
minutes before coronary occlusion significantly reduced S-T segment. 
elevation as compared with occlusion alone {p <0.025); heart rate and. 
diastolic pressure were also reduced (p <0.05) but systolic pressure 
remained essentially unchanged. When verapamil was given to seven dogs 
within 30 minutes after coronary occlusion, there was a significant in- 
crease in retrograde coronary flow (p <0.05) and a decrease in regional 
coronary resistance {p <0.05). Simultaneously, heart rate and heart 
rate-blood pressure product declined significantly (p <0.05), suggesting © 
a reduction in myocardial oxygen consumption. Systolic blood pressure - 
was unaltered, and diastolic pressure decreased only transiently. In 13 
control dogs there was no significant change in any of these variabies- 
during the observation period. Thus, verapamil during acute coronary 
occlusion protects the ischemic myocardium by both increasing perfusion 
and reducing myocardial oxygen consumption. 


The new methods to evaluate intensity of myocardial ischemia and in- , 
farct size allow identification of hemodynamic factors and therapeutic ; 
interventions that can influence the course of an experimental acute 
myocardial infarction. Among such interventions the calcium an- 
tagonist verapamil has been the subject of both experimental and clinical 
studies. Experimentally, verapamil was found to reduce the maginsagim: 
of S-T segment elevation in dogs,4 to decrease selectively regional 
myocardial contractility in ischemic myocardium and to reduce infarct 
size as measured with the direct nitroblue-tetrazolium methed.® In 
human subjects the drug has primarily been used as an antianginal and 
an antiarrhythmic agent.” 

Despite these previous investigations, the mechanism of cardiac action 
of verapamil is not entirely clear. As an antagonist of myocardial calcium 
influx through slow channels, verapamil decreases myocardial oxygen. 
consumption through reductions in contractility, heart rate and arterial 
pressure.!°-!2 In addition, the drug is a peripheral vasodilator.!” If such 
vasodilatory effects also were present in the coronary circulation during 
acute ischemia, oxygen supply to the ischemic. zone could be en- 
hanced. 

Thus the drug would have the potential for improving myocardial 
oxygenation by both reducing oxygen consumption and increasing blood 
supply. To test this hypothesis, we studied regional myocardial perfusion, - 
and coronary pressure and resistance in open chest dogs subjected to 
acute coronary ligation. l 





February 1980 The American Journal of CARDIOLOGY Volume 45. 269 : 





"VERAPAMIL IN ACUTE MYOCARDIAL ISCHEMIA—LUZ ET AL. 


Methods 


Experimental preparation: Twenty-eight mongrel dogs 
of both sexes ranging in weight from 10 to 20 kg were studied. 
The animals were sedated with morphine sulfate (2 mg/kg 

. intramuscularly) and anesthetized with Nembutal® (30 mg/kg 
intravenously). Ventilation was controlled with a Takaoka 
model 670 respirator. The left jugular vein and left carotid 
artery were cannulated for fluid administration and pressure 
monitoring. A left thoracotomy was performed through the 
fifth intercostal space. To expose the anterior surface of the 

left. ventricle, the heart was suspended in a pericardial cradle. 


Arterial and coronary pressures were measured using a Sta- 


tham Pos Db pressure transducer. Records were obtained on 
>a DR-16 Electronics for Medicine recorder at speeds of 50 


o mms. 


“> -Protocol Two protocols were carried out. In eight dogs 
{Group I} epicardial S-T segment mapping was performed in 
-the preocélusion period and 15 minutes after ligation of the 
< left-anterior descending coronary artery or one of its diagonal 
branches. This ligation was relieved immediately after the S-T 

X segment mapping. Thirty minutes later verapamil (0.8 mg/kg) 
"was administered intravenously over a 10 to 15 minute period. 
. One hour after the first occlusion, a second coronary ligation 

“was carried out and epicardial S-T mapping was repeated 15 


- minutes later. Thus, each dog served as its own control. S-T 


segment elevation was measured 100 ms from the beginning 
ofthe QRS complex at 9 to 14 points in each animal; points 
-= with S-T elevation greater than 2 mV before occlusion or with 


---conduction disturbances were eliminated. 


In 20 dogs (Group IT) the left anterior descending coronary 
artery was dissected approximately 2 cm from its origin and 
cannulated using a Longdweil catheter (20 gauge, 2.5 inches 
[6.35 cm] catheter; the artery was ligated immediately proxi- 
mal to the catheter. Heparin (150 to 250 mg) was given in- 
travenously soon after coronary arterial cannulation; there- 
= after 25 mg was administered every hour. With use of three- 

way stopcock system this catheter was connected to a Statham 
‘Pog Db pressure transducer for an intracoronary pressure 
- recording; additionally a plastic tube was connected to the 
catheter, thus allowing direct measurement of retrograde 
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OCCLUSION 


OCCLUSION + 
VERAPAMIL 

FIGURE 1. Sum of S-T segment elevation (mean values) (2ST 4.) during 
coronary occlusion and occlusion after administration of verapamil. 
Numbers within the bars indicate number of experiments. SEM = 
standard error of the mean. 








coronary flow in a graduated cylinder. Each value is the av- 
erage of two measurements. To avoid a pressure gradient the 
tip of the catheter was maintained-at the coronary arterial 
level. An index of regional coronary resistance was calculated 
by dividing mean intracoronary pressure by retrograde cor- 
onary flow. 13 

Control measurements were obtained within 30 minutes 
after occlusion. Measurements of arterial pressure, heart rate, 
intracoronary pressure and flow were then obtained every 10 
minutes for 90 minutes. Thirteen dogs received no medication 
and were used as control dogs. In seven dogs, verapamil (0.8 
mg/kg) was administered intravenously over an average period 
of 25 minutes starting soon after control measurements. A 
drug effect was judged to be present when heart rate decreased 
by at least 10 beats-min~!. An infusion of saline solution at a 
rate of 1.0 ml-min™! wes maintained intravenously in all dogs 
for the purpose of volume reposition. In one dog (not included 
in the statistical analysis) a test coronary occlusion was 
maintained during 15 minutes; after 45 minutes of recovery 
a second ligature was performed followed by administration 
of verapamil; the results were the same as in animals given 
verapamil after a single ligation. ; 

The data were analyzed using Student’s paired t test for 
changes in variables within the same group and the unpaired 
t test for comparisons between control and treated dogs. 


Results 


Group I: In eight dogs the sum of the S-T segment 
elevation after 15 minutes of the first coronary occlusion 
averaged 58.8 + 11.8 (mean + standard error of the 
mean). However, when the occlusion was preceded by 
administration of verapamil, the sum of S-T segment 
elevation was only 26.8 + 10.6 mV; this difference is 
statistically significant (p <0.025). Figure 1 illustrates 
the average results. No significant changes in R wave 
amplitude or new Q waves were observed in either 
group. 

Reduction in S-T segment elevation was associated 
with significant hemodynamic effects. Thus, a com- 
parison of data during occlusion alone and occlusion 
preceded by verapamil revealed that heart rate de- 
creased from 166 + 13.9 to 133 + 12 beats-emin™! (p 
<0.05), mean arterial pressure decreased from 120 + 
14.6 to 105 + 10.8 mm Hg (p <0.05) and diastolic pres- 
sure from 108 + 13 to 87 + 9.5 mm Hg (p <0.025). Sys- 
tolic pressure also decreased from 137 + 17.5 to 129 + 
12.6 mm Hg, but the change was not statistically sig- 
nificant. 

Group Il: The effects of verapamil on regiotial isch- 
emic myocardium were assessed in seven treated dogs 
and compared with findings in 13 control dogs. Figure 
2 illustrates a typical response to verapamil in a single 
dog. In control dogs heart rate soon after occlusion was 
143 + 16.8 beats-min~! and it increased by 15 beats- 
min”! within 10 minutes (difference not significant), 
remaining essentially unchanged thereafter (Table J). 
Among treated dogs, initial heart rate was 156 + 9.1 
beats-min—|, a value not significantly different from that 
in control dogs. During infusion of verapamil heart rate 
declined by approximately 25 beats-min7! (p <0.05) and 
remained stable thereafter (Table I). 

Initial systolic arterial pressure averaged 104 + 6.1 
mm Hg in control dogs and 107 + 4.8 mm Hg in treated 
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TABLE | 
`- Systemic Hemodynamic Variables 
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Time After Occlusion (min) 








a : C 10 20 30 40 50 60 70 80 90 
Control group 
OAR 143 158 156 159 162 159 154 161 161 151 
{beatsmin™ ') +16.8 +8.8 48.1 +75 47.4 5.2 +7.7 £8.7 +10.9 413.2 
PS 107 106 108 110 109 103 106 102 95 100 
{mm Hg) +6.8 +8.0 +8.5 +8.2 8.1 +8.14 +6.9 +7.14 +45.3 +47.2 
APD 74 82 89 8&4 83 78 79 73 70 72 
{eam Hg) +8.7 +6.9 +7.7 £7.2 +47.5 £6.3 +4.6 +45.1 +3.5 25.2 
HR X BP 17.3 17.6 17.9 18.6 18.5 16.5 16.6 17.5 15.8 15.3 
ama -mMm +77 +7.8 +7.0 +7.5 7.1 £4.8 +3.9 +4.8 +3.9 +39 
: - 1075) 
Treated group 
í HR 156 131° 128° 127° 124° 124* 126* 124° 130° 434 
(beats-min™') +9.1 +10.4 +10.4 +10.5 11.2 +11.2 +11.1 #111 +12.2 +130 
APS 107 162 101 101 104 105 104 105 106 Ww 
(rom Hg) +4.8 45.3 £5.3 +5.3 +48 +5.7 +6.8 +£6.3 +3.9 +34 
APO 1 64° 64* 65* 67* 69 72 72 72 78 
{mm Hg) +4.9 £4.0 4.8 +5.4 +46.0 £6.3 47.1 +6.6 £6.2 +6.6 
HR X BP 17.4 13.3* 12.9* 13.0* 12.9° 13:2* 13.2* 13.1* 13.8 14.8 
(beats-min” -mm 44.4 +3.4 +3.6 +3.4 43.3 4.1 +4.2 +3.8 +3.7 £3.7 
Hg: 1073} ; 





* p <0.05 versus control values. 


“Jalues are expressed as mean values + standard error of the mean. 





APD = arterial diastolic pressure; APS = arterial systolic pressure; C = control period; HR = heart rate. 


_ dogs and did not change significantly in either group. 

- Mean diastolic pressure was 72 + 5.1 mm Hg in control 
dogs and also did not change significantly. In treated 
dogs mean diastolic pressure was slightly higher, aver- 
aging 81 + 4.9 mm Hg, but the difference was not sta- 
tistically significant. However, a significant reduction 
in diastolic pressure was noted during verapamil infu- 
sion (Table I); the decrease lasted approximately 40 
minutes and thereafter diastolic pressure returned to 
essentially control levels. 

These systemic effects were associated with marked 
changes in regional ischemic myocardium. Initially 
there were no significant differences between control 

_ values of retrograde coronary flow and regional coronary 
resistance between the control group and the treated 
_ dogs (Table II). In control dogs initial retrograde flow 
: averaged 1.1 + 0.2 ml-min=! and remained essentially 
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FIGURE 2. Effect of verapamil during acute coronary 
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< -eeclusion in a representative experiment. Coronary 

_ | pressure is the pressure recorded distal to the occlusion. 
After administration of verapamil, heart rate and regional 
coronary resistance were reduced, whereas retrograde 
- -coronary flow increased. AP = arterial pressure. 
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REGIONAL CORONARY 
RESISTANCE (u) 


unchanged during 50: minutes but decreased slightly in 
the following 40 minutes of observation, although this- 
change was not statistically significant (Fig. 3). Coro- 
nary resistance showed variable trends; 50 minutes after 
control measurements, coronary resistance increased 
in five dogs, was reduced in one and remained un- 
changed in four. At the end of observation the average 
value had increased but the change did not reach sta- 
tistical significance (Fig. 4). 

Initial retrograde coronary flow among treated dogs 
was also 1.0 + 0.2 ml-min=!. However it increased: con- 
sistently and significantly (p <0.05) after administra-. 
tion of verapamil (Fig. 3). At the same time, regional 
coronary resistance decreased significantly during and 
after administration of verapamil (Fig. 4). 

To elucidate further the effect of verapgmil on 
myocardial oxygen supply/demand ratio, heart rate-, 
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-TABLE II 























-Regionalt Ischemic Myocardium 
Time After Occlusion (min) 
Cc 10 20 30 40 50 69 70 80 90 
Control group 
Retrograde 
coronary 
flow 1.9 1.6 1.0 .8 1.0 0.7 0.5 0.5 0.7 07 
_dm-ming 4) £0.22 +0.20 +0.13 +0.13 +0.19 +0.15 +£6.20 +£6.12 +0.28 +0.31 
GP 21 20 19 20 18 18 1 15 
“(mm Hg) +£3.67 +3.46 £3.34 +2.89 +4.47 +4.88 +4.22 +5.06 45.31 +4.18 
RER 25 24 26 25 31 35 7 37 35 
oe (ram Hg) £49 £8.3 48.1 +8.86 +8.3 +12.0 414.8 +196 +18.6 £12.98 
ee ‘Treated group 
ve _ Retrograde 
os ooronary i 
flow 1.0 4.0 4.1 1.2 1.2 1.2* 1.3* 1.3* 1.4* 1.37 
are) +9.15 £0.17 +0.22 +0.20 +0.25 +0.30 Fi 30 +0.30 +0.30 +0.30 
22 21 20 20 20 26 2 21 20 21 
=m Hg) +0.61 +£1.88 £1.51 +2.0 +1.67 +4.54 are 88 +£1.55 +1.51 +2.10 
28 23 21 21 214 20 26 21 19 18 
a Hg) 47.3 +£5.63 +5.1 +5.8 +5.4 45.4 +57 +5.02 +4,2 +5.14 





* p <0:05 versus control period. 


-= Values are expressed.as mean values + standard error of the mean. 


C = control period; CP = mean coronary pressure; RCR = 


- systolic arterial blood pressure product, an index of 
myocardial oxygen consumption,!4 was plotted against 
_ regional retrograde coronary flow in (Fig. 5). The drug 
- augmented regional perfusion while reducing oxygen 
< demand. 


Discussion 
Our results show that verapamil decreases the mag- 


< nitude of ischemic injury after acute coronary occlusion, 








regional coronary resistance. 


reduces regional corenary resistance and increases 
coronary blood flow to the ischemic zone; these changes 
occurred while myocardial oxygen consumption was 
reduced as indicated by the heart rate-arterial blood 
pressure product. 

Possible limitations-of study: The validity of our 
results regarding regional myocardial resistance and 
flow largely depends on the validity of the methods 
used. Regional corenary flow measurements were made 
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FIGURE 3. Increases in perfusion of the ischemic 
myocardium induced by verapamil. Retrograde 
coronary flow was measured by direct drainage 
into a graduate cylinder. Values are expressed as 
mean values + standard error of the mean (SEM). 
Numbers in parentheses indicate number of ani- 
mals studied at each point. C = control, OC = 
occlusion. 
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REGIONAL CORONARY RESISTANCE (u) 


= FIGURE. 4. Reduction in. regional coronary 
-resistance with infusion of verapamil into a 
systemic vein. Values are expressed as mean 
- values + standard error-of the mean. Numbers 


-in parentheses indicate number of animals 15 
= studied of each point. C = control: OC = oc- 5e 


o clusion: 


“directly in a graduated cylinder, using a small scale sy- 
ringe to minimize the observer’s error. The position of 
the catheter within the coronary artery and the position 
of the draining tube tip in relation to the coronary ar- 
terial level was carefully watched to avoid technical 
error; heparin was given to preclude local thrombosis. 
Even with these precautions such direct measurements 

- may be imprecise. Furthermore, our measurements were 
_made with the catheter open to atmospheric pressure, 

which reduces resistance to flow only to that created by 

the draining tubular system, whereas in the intact cor- 
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onary bed resistance is probably different. In addition; 


directly measured backflow has been found to be less 
than the collateral flow estimated with rubidium-86'>', 
thus, we cannot state the actual value of regional per- 
fusion. Nevertheless, because control and treated dogs 
were studied rigorously in the same manner compari- 
sons are valid with respect to directional changes. 
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Calculation of an index of regional coronary resis-. 
tance also has limitations. First, measured coronary 


pressure probably reflects not only pressure in the 
ischemic zone, but also transmitted pressure from 
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-as indicated by the product of heart rate (HR) and 
blood | pressure (BP) in control dogs and dogs treated 
th verapamil. subjected to acute coronary occlusion. 0.8 maig 
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nonischemic adjacent areas through collateral channels. 
However, because verapamil may act on these channels, 
calculation of coronary resistance affords useful infor- 
mation. Second, as previously mentioned, this calcu- 
lation includes flow values that are not precisely those 
of the intact coronary circulation. Finally, pressure and 
flow recordings were not strictly simultaneous, but be- 
cause they were obtained within a few beats of each 
other this time factor is practically irrelevant. As for 
flow, resistance cannot be taken as an absolute value, 
but rather as an index that reflects changes in the re- 
gional coronary tone. 

Previous studies on effects of verapamil on acute 


~ ischemia: Verapamil diminished S-T segment elevation 


and the magnitude of ischemia when given 30 minutes 


- before coronary occlusion. This effect occurred in all 
-dogs and the magnitude of S-T segment elevation after 


administration of verapamil was only half of that during 
occlusion alone, suggesting that the protective effect of 
verapamil is of biologic significance. Previous experi- 
<: mental studies identified a beneficial effect of verapamil 

“during acute myocardial ischemia. Thus, Smith et al.4 
also found reduction in S-T segment elevation when the 
| drug was given 15 minutes after coronary occlusion. 
Reimer et al.,® who gave verapamil before coronary oc- 


clusion in dogs, documented reduction in the magnitude 


of necrosis assessed by the nitroblue tetrazolium 
method. Nayler et al.!’ observed that verapamil protects 
the isolated rabbit heart against some effects of hypoxia; 
thus verapamil reduced the myocardial cell increase in 
sodium and loss of potassium, the rate of creatine kinase 
release and the depletion of adenosine triphosphate and 
creatine phosphate stores, and it greatly diminished 
mitochondrial swelling and vacuolization as well as 
membrane disruption in hearts subjected to severe 
hypoxia. 
However, Karlsberg et al.,!8 who injected verapamil 
+ 5 hours after the initial increase in plasma creatine ki- 
nase after coronary occlusion in dogs, failed to observe 
< the protective effect of the drug; in their study, vera- 
pamil increased flow to the normal myocardium but not 
to the ischemic zone. The discordance between our data 
‘and those of other investigators with the data of 
Karlsberg et al. may be explained by the timing of drug 
administration. It takes at least 2 hours for creatine 
‘kinase to increase in plasma after coronary occlusion”; 
yet in the study of Karlsberg et al. the drug was actually 
administered 7 hours after induction of ischemia. It has 
been shown that drugs such as hyaluronidase,!9 
methylprednisolone*® and propranolol?! progressively 
lose their protective effect on the ischemic myocardium 
as the interval from coronary occlusion to administra- 
tion increases; beyond 4 to 6 hours after occlusion sig- 
“nificant protection has not been documented, a finding 
that underscores the crucial importance of the time 
factor in determining the ultimate impact of one in- 
tervention on infarct size. Hence, it is possible that the 
lack of effect observed by Karlsberg et al. was due to late 
drug administration. In patients with unstable angina 
at rest, Parodi et al.2* recently demonstrated a signifi- 
cant decrease in frequency of ischemic attacks when 





orally administrated verapamil was used rather than e 
placebo. Overall, our data and these of other stud- 
iest6.17,22.23 support the conclusion that under selected 
conditions, verapamil protects the myocardium agains} 
the effects of ischemia and hypoxia. 

Mechanism of verapamil’s action: In previous in- 
vestigations’-!! the mechanism of action of verapamil] 
has mainly been attributed to its inhibitory effects on 
calcium transport, and consequently to its negative 
inotropic effects. In our study no direct measurements 
of the inotropic state were performed. Nevertheless, a 
decrease in heart rate and heart rate-systolic blood 
pressure product was observed, indicating a reduction 
in myocardial oxygen consumption. These changes 
could account in part for the reduction in the magnitude 
of ischemia indicated by the reduction in S-T segment 
elevation. The most significant finding in our study is 
that verapamil lowered regional coronary resistance and 
allowed an increase in perfusion of the ischemic zone 
An increase in flow occurred despite a transient re- 
duction in diastolic blood pressure and a persisten( 
decrease in heart rate. Thus, increases in retrograde flow 
cannot be attributed to higher perfusion pressure o1 
increased myocardial oxygen consumption and a loca 
vasodilatory effect must be assured. 

Because ischemia is in itself a potent vasodilatory 
stimulus,*4 a reduction in local coronary resistance may 
indicate either that verapamil has an additional effect 
that produces further dilatation of the ischemic vessels 
or that ischemia is not uniform and fewer ischemic 
vessels can respond te verapamil, whereas those already 
maximally dilated will not be affected by the drug. Our 
data do not allow distinction between these two possi- 
bilities. On the basis cf previously known effects of isch- 
emia,” we can only hypothesize that the effect of this 
drug occurred primarily on collateral channels. These 
channels are numerous in dogs and ceuld perfectly 
provide augmentation of flow. 

The biologie significance of sueh an increase in ret- 
rograde coronary flow in our study is not clearly es- 
tablished. Because coronary flow distribution betweer 
endocardial and epicardial zones was not assessed, we 
cannot exclude the possibility that local flow “shunting 
occurred in such a way that more ischemic endocardia. 
zones were not benefited by overall augmentation in 
regional perfusion. However, the decrease in S-T seg- 
ment elevation indicates a reduction in the ischemic 
process.” Because S-T segment elevation 15 minutes 
after coronary ligation has been found to correlate 
closely with creatine kinase depletion 24 hours after 
occlusion,”® it seems reasonable to assume that the 
ischemic process was halted by verapamil. Nevertheless, 
more direct measurements of flow distribution are 
needed before a definitive statement on this matter car 
be made. 

Finally, the simultaneous reduction in blood pres. 
sure-heart rate product and augmentation in retrograde 
coronary flow indicates that the mechanism of actior 
of verapamil during acute coronary occlusion is two- 
fold: On the one hand, the drug reduces myoeardia 
oxygen demand and on the other it increases regiona! 


274 February 1980 The American Journal of CARDIOLOGY Volume 45 





- perfusion, possibly through a local coronary vasodila- 


tory effect. Although reduction in oxygen consumption 
is attributed classically to calcium blockade and con- 
sequent negative inotropic effect,’-!! the increased 


-perfusion to the ischemic myocardium is an additional 


- . mechanism of action of verapamil. This dual effect on 





oxygen supply/demand ratio, in addition to the previ- 
ously known antiarrhythmic effects of verapamil,?6?7 


makes this agent of particular interest for protection of 
the acutely ischemic myocardium. 

Clinical implications: Our results cannot be ex- 
trapolated directly to human beings for reasons beyond 
obvious differences in species. First, the coronary cir- 
culation of dogs is probably normal and collateral ves- 
sels are abundant, whereas in human beings with acute 
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myocardial infarction, usually more than one vessel is 

involved in the atheromatous process and collateral 

channels are less developed. The response of diseased 

vessels to a vasodilating agent may be quite different 

from that of normal vessels. Second; this study was 

performed in anesthetized dogs and there is evidence 
that anesthesia can influence the response of coronary 
vessels to drugs.” Nevertheless, the possibility that 
verapamil may reduce oxygen demand and improve: 
oxygen supply in patients with acute myocardial in- 

farction is raised by our results. Because of the potential 

importance of reduction of infarct size as a means of 

decreasing mortality and left ventricular dysfunction 
during acute coronary occlusion, a clinical trial seems 

well justified. 
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Recent in vitro observations of human coronary arteries have suggested 
that intraluminal pressure can be a determinant of the resistance to flow 
through the stenosis. This study examined whether similar pressure- 
dependent changes in stenotic resistance could be observed and analyzed 
in an open chest, anesthetized, animal model of coronary arterial stenosis. 
Without stenosis, intracoronary isoproterenol (1 ug) or nitroglycerin (10 
Hg) increased flow and decreased coronary resistance. whereas 
methoxamine (500 ug) or vasopressin (0.2 U} decreased flow and in- 
creased coronary resistance. After partial arterial constriction, admin- 
istration of isoproterenol (71 ug} resulted in a decrease in coronary pres- 
sure from 61.2 + 2.5 to 39.4 + 2.7 mm Hg {p <0.05), a 23 percent de- 
crease in distal coronary resistance {p <0.05) and a 22 percent decrease 
in flow associated with an increase in stenotic resistance of 2.34 + 0.97 
{p <0.05). Similarly, nitroglycerin caused a decrease in coronary pressure 
from 55.7 + 3.1 to 42.1 + 3.6 mm Hg (p <9.05), a 29 percent increase 
in distal coronary resistance and only a 1 percent increase in flow asso- 
ciated with a 38 percent increase in stenotic resistance. Methoxamine 
caused an increase in coronary pressure from 62.8 + 2.0 to 73.6 + 3.4 
mm Hg (p <0.05), an 18 percent increase in distal coronary resistance, 
an 8 percent decrease in flow and a 10 percent decrease in stenotic re- 
sistance. Vasopressin caused an increase in coronary pressure from 61.0 
+ 1.5 to 99.2 + 7.1mm Hg (p <0.05), a 239 percent increase in distal 
coronary resistance but only a 45 percent decrease in flow associated 
with a decrease in stenotic resistance of 1.33 + 0.91 (p <0.05). 
Passive changes in the stenotic area caused by coronary pressure 
changes are postulated as part of the mechanism for the observed 
changes in stenotic resistance. This hypothesis is strengthened by the 


-changes in stenotic resistance and radiographic analysis obtained from 


an in vitro carotid arterial preparation. The pressure-dependency of 
stenotic resistance could be an additional factor in the treatment of pa- 
tients with coronary artery disease. 


Coronary arterial stenosis has a complex influence on blood flow throug 
and beyond the narrowed segment. Factors that have been recognizec 
as determining resistance across a stenosis include the absolute radius 
the relative percent of narrowing, the length of the stenosis and the 
viscosity and velocity of fluid flowing through the Stenosis.'~+ A rece 
in vitro study suggested that stenotic resistance was also dependent or 
intraluminal pressure. In that study proximal coronary arteries, ob 
tained from fresh postmortem adult hearts, were examined under variou: 
flow rates, perfusion pressures and distal resistances. In coronary arterie: 
with eccentric lesions (a plaque-on one side not completely surroundings 
the lumen), the resistance to flow was feund to be dependent on the 
perfusion pressure: lowering the perfusion pressure increased the re 
sistance, whereas increasing the perfusion pressure decreased the re 
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sistance. This study suggested that interventions that 
lower the distal coronary arterial pressure could increase 
the hemodynamic resistance of the stenotic segment of 
the artery, whereas interventions that raise the distal 
cotonary pressure could decrease the hemodynamic 


* resistance of the stenotic segment of the artery. 


-> Recently, Schwartz et al. and Walinsky et al.’ in our 
laboratory documented an alteration of the normal re- 
-sponse to momentary coronary arterial occlusion in the 
“presence of partial coronary arterial constriction. We 
observed a dependence of stenotic resistance on distal 
coronary pressure, a finding similar to the in vitro ob- 
servations on human coronary arteries described pre- 
viously. It was the objective of this study to expand our 
. initial observations by examining the coronary response 
` toa variety of vasoactive drugs in a canine model of high 
grade coronary stenosis and to determine the mecha- 
nism for the observed changes in stenotic resistance by 
using an in vitro arterial preparation. 


Methods 








“Initial Preparation 
_ Animal studies were performed in 10 mongrel dogs weighing 
- 29.5 to 34.1 ky. All animals were pretreated with morphine (1 
mg/kg), anesthetized with alpha-chloralose (100 mg/kg) and 
= mechanically ventilated. Supplemental doses of alpha-chlo- 
-valose were given as needed. Arterial blood partial pressures 
of oxygen (Poz) and carbon dioxide (PCO2) and pH were pe- 
_tiodically monitored throughout the experiment by a blood 
gas analyzer (Instrumentation Laboratory). Respiratory ad- 
justments or intravenous infusions of sodium bicarbonate, or 
both, were made when necessary to keep blood gases and pH 
within a physiologic range of pH 7.32 to 7.42, PCO2 32 to 42 
mm Hg, Po, above 70 mm Hg.® The heart was exposed 
through a left lateral thoracotomy and suspended in a peri- 
cardial cradle. A catheter was advanced in retrograde fashion 
from the right femoral artery and positioned in the ascending 
aorta to measure aortic pressure. Depending on the coronary 
arterial anatomy, an electromagnetic flow probe (Biotronex 
Laboratory, Inc.) was placed around either the left anterior 
t- descending artery or the circumflex artery. If the left anterior 
» descending artery was utilized, the site of isolation varied from 
-the proximal to the mid portion of the artery. If the circumflex 
-artery was utilized, the site of isolation was always proximal 


< to the first major marginal branch. 


-A variable snare type of occluder was placed distal to the 
-flow probe. The snare consisted of a 1 mm wide band of Tef- 
= 1on® passed around the artery, through stiff tubing, and at- 
tached to a machinist’s micrometer. The micrometer and 
tubing were mounted above the dog in a position that pre- 
vented traction from being exerted on the stenosis during the 
cardiac cycle both before and after drug interventions. The 
snare could be closed by small precise amounts according to 
a 0.01 mm micrometer scale. The advantage of a narrow (1 
mm) snare oceluder was that a higher degree of stenosis could 
be obtained before resting coronary blood flow was affected.! 
Distal to the micrometer-adjusted snare occluder, 1-0 nylon 


o> stiture was placed around the coronary artery. The ends of the 


‘suture were inserted through a piece of polyethylene tubing, 
c 3 cmin length. Zero flow was obtained by pulling the ends of 
-= the suture while pressing on the polyethylene tubing against 


-<> the coronary vessel. Thus, zero flow could be obtained without 


changing the setting on the micrometer-adjusted snare oc- 
- -chuder. Distal to the occluder, a 22 gauge catheter was inserted 
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either into a diagonal branch or directly into the circumflex 
artery. The catheter was used for monitoring distal coronary 
arterial pressure and for all intracoronary injections. In the 
region perfused by the artery in which instruments were 
placed a small platinum electrode was inserted into the 
myocardium to record an intramyocardial electrogram. 

Aortic pressure, coronary blood flow, coronary pressure 
distal to the snare and an intramyocardial electrogram were 
recorded on an Electronics for Medicine physiologic recorder 
(model DR8). Mean pressures were obtained electronically. 
Distal coronary resistance was calculated by dividing mean 
distal coronary arterial pressure by mean coronary blood flow. 
Stenotic resistance was calculated by dividing the mean. 
pressure gradient. across the stenosis by mean coronary flow,- 
The mean pressure gradient across the stenosis was calculated 
as the mean aortic blood pressure minus mean coronary af: 
terial pressure. 

At the end of each experiment the electromagnetic flow - 
probe was calibrated by timed collection of blood. The-coro- 
nary artery distal to the site of insertion of the 22-gauge 
catheter was occluded. The coronary blood then flowed. 
through the proximal coronary artery and the coronary 
catheter into a graduated cylinder. 

Statistical analysis was performed by using the Wilcoxon. 
sign rank testi? to compare the control values with the values 
obtained after injection of the pharmacologic agent. 


Experimental Procedure: Vasoactive Drugs 


After the initial preparation, the effects of intracoronary 
injection of isoproterenol (1 ug) and methoxamine (500 gg), 
each diluted in 1 ml of physiologic saline solution, were ex- 
amined before and after partial constriction of the coronary 
artery in six dogs. All injections were made through the 
catheter used to monitor distal coronary pressure. Before 
constriction of the coronary artery, isoproterenol (1 ug) was 
rapidly injected into that artery while all physiologic variables 
were recorded continuously for a 10 minute period before and 
after the injection. Next, methoxamine (500 ug) was injected 
into the coronary artery while the physiologic variables were 
recorded. Mean distal coronary pressure was then gradually 
reduced to 60:mm Hg by tightening the snare occluder. Mean 
distal coronary pressure was reduced to 60 mm Hg because - 
60 mm Hg has been shown to be close to the limits of auto- 
regulation!! and ventricular mechanical integrity)" All 
physiologic variables were recorded for at least 15 minutes 
with the mean coronary pressure at 60 mm Hg to yerify sta- 
bility. Isoproterenol (1 zg) and methoxamine (500 ug} were 
again administered into the coronary artery by the technique 
outlined earlier. To avoid any interaction between the drugs, 
there was a 20 minute period between intracoronary injec- 
tions. Further, the order in which the drugs were given was 
alternated. In half the experiments isoproterenol was injected 
first and in the other half, methoxamine was injected first. 

In six dogs, after the initial preparation, the effects of in- 
tracoronary injections of nitroglycerin (10 ug) and vasopressin 
(0.2 U), each diluted in 1 ml physiologic saline solution, were 
examined before and after partial coronary arterial constric- 
tion by the methods outlined earlier. Again, to avoid drug 
interaction, there was at least a 20 minute period between 
intracoronary injections and the order in which the drugs were 
given was alternated. 


In Vitro Carotid Arterial Preparations 


To test further the dependency of stenotic resistance on 
intraluminal pressure, an in vitro arterial preparation was 
used. The in vitro carotid arterial preparation was used to 
exclude alpha and beta adrenergic stimulation, reflexes, sys- 
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: temic blood pressure changes, pulsatile blood flow and pres- 

sure, collateral vessels and platelet plugging as potential 
-causes of the stenotic resistance changes. The carotid artery 
= was used because of its easy removal from the dog and its long 
“length without branches. In each study, the artery was frozen, 
thawed, suspended in air and kept moist by externally applied 
saline solution. By design, therefore, only the passive char- 
acteristics of arterial stenosis were studied by means of this 
preparation. In 11 mongrel dogs (11.3 to 40.8 kg) the left and 
right common carotid arteries were rapidly removed imme- 
diately after the anesthetized animal was killed. The arteries 
were frozen in physiologic saline solution until they were 
studied. 

Two types of experimental protocols were performed: 
constant flow and constant pressure. For the constant flow 
experiments, the artery was attached between points a and 
b (Fig. 1) and stretched to its original in vivo length. The artery 
was kept moist by externally applied physiologic saline solu- 
tion. A Harvard syringe pump maintained a constant flow rate 


|. (22.9 ml/min between a pressure range of 0 to 400 mm Hg) of 
“an isotonic dextran solution (1.7 centipoise). With use of a 


circumferential snare (previously described), various stenotic 


resistances between 0.5 and 6.0 mm Hg/ml-min—! were es- 


- tablished, with a high peripheral resistance (20 gauge 
~ Longdwel needle). Stenotic resistance was calculated as the 
‘pressure gradient across the stenosis (P1 — P2) divided by the 
flow.” 8 Distal resistance was calculated as distal pressure di- 

-< vided by flow. With the initial stenotic resistance set and the 
pressures recorded, the distal resistance was halved three 
times by sequentially opening stopcocks S1, S2 and S3. At 
each level of distal resistance, the pressures were recorded. 
Stopcock SI was then closed, reestablishing the initial con- 
ditions. If stenotic resistance varied more than 5 percent from 
the control value, the data were discarded. This procedure was 
repeated 10 times with different initial stenotic resistances 
„for each artery studied in this experimental group. The 
pressures were recorded on an Electronics for Medicine 
< physiologic recorder. The pressure transducers were carefully 


-calibrated to insure equal sensitivity by simultaneously ex- 


posing the pressure transducers to the reservoir pressure. 
Without flow, both transducers recorded the same pressure 
= level. The absolute pressure value was determined by mea- 














suring the height of the fluid cclumn above the pressurt 
transducers. 

For the constant pressure experiments, the artery wa 
attached between points a and b (Fig. 1), stretched to it 
original length and kept moist by externally applied physio 
logie saline solution. The reservoir consisted of a 4 liter bottl. 
filled with physiologic saline solution and suspended at a fixe 
height above the artery. Using a circumferential snare, stenoti 
resistances between 0.5 and. 6.0 mm Hg/ml-min7! were es 
tablished. with a high peripheral resistance (20 gaug 
Longdwel needle). With the initial stenotic resistance set, thi 
pressures and flow were recorded. The flow was determiner 
by a 1 minute collection in a graduated cylinder. The pe 
ripheral resistance was halved three times by sequentiall 
opening stopcocks $1, $2, 83. At each level of peripheral re 
sistance, the pressures and flow were recorded. Stopcock S: 
was then closed, reestablishing the initial conditions. If thi 
calculated stenotic resistance varied more than 5 percent fron 
the control value, the data were discarded. This procedure wa: 
repeated 10 times for each artery. 


Radiographic Analysis 


Radiographic techniques were used to investigate thi 
stenotic geometric changes that occurred with changes i 
peripheral resistance. In five dogs, immediately after sacrifice 
the left or right common carotid artery was rapidly removec 
and attached to the constant flow—external constrictor ap 
paratus (Fig. 1). The Dextran solution was replaced witl 
contrast material (Angio-conray®). The circumferential snar 
was used to establish stenotic resistances between 1.0 and 6.( 
mm Hg/ml-min~!. A radiogram was taken (40 kV, 100 mA, £ 
seconds, Kodak gray tone imaging film) and the proximal anc 
distal pressures were recorded. The stopcocks S1, $2 and Si 
were then simultaneously opened, lowering the periphera 
resistance to approximately one eighth of its initial value. A 
second radiogram was taken and the pressures recorded. This 
procedure was repeated only four times for each artery 
thereby limiting the total experimental time to less than 1: 
minutes. 

High resolution radiograms were obtained by using mi 
croangiographic techniques. } This involved the use of higt 
resolution film without an image intensifier (Kodak gray toni 





FIGURE 1. Diagram of in vitro constant pressure or constant flow perfusion system. P1 = proximal pressure; P2 = distal pressure; a = proximal 
and b = distal points of attachment of artery; S1, S2, S3 = stopcocks; R1, R2 = 20 gauge Longdwel needles; R3 = short 20 gauge Longdwel needle; 


‘and R4 = short 18 gauge Longdwel needle. 
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imaging film, 2,000 line pairs per inch); the use of Angio- 
conray with its high iodine content (800 mg/ml sodium io- 
thalamate); placing the artery close to the film; using fresh 
arteries; and limiting the experimental time. The radiograms 
were analyzed by using a dissecting microscope with a cali- 


: brated eye piece (magnification X20). Four observers mea- 
‘sured the proximal, stenotic and distal diameters of each 


_ vessel, before and after the peripheral resistance was lowered. 


- The mean and standard error of the mean were calculated for 














AORTIC 


a imi /min} 
oo PRESSURE 
“CORONARY MI 
PRESSURE 50 


each diameter measurement. The percent of stenosis was 
«based on the reduction in cross-sectional area? and was cal- 


culated as: percent of stenosis = 100 (1 — D,2/Dp”), where Ds 


< is the stenotic diameter and D, is the proximal diameter. 


Results 
Vasoactive Drugs 


Methoxamine: Figure 2 (top) shows the typical re- 
sponse to intracoronary methoxamine (500 ug) before 


100 





FLOW 


e ~100 
core PRESSURE 
immHg 
50 
t 


INJECTION 500 ug METHOXAMINE o 


INTRACORONARY 
BEFORE 15 SECONDS 
INJECTION AFTER INJECTION 
AoP = 135 AoP = 135 
CoP = 135 CoP = 135 
COR. FLOW = 32.5 COR. FLOW = 26 
DCR = 4.15 BER = 6.75 





ie FLOW 
CORONARY DAO rae rn inten 
FLOW 25 
o AORTIC o 
PRESSURE 
100 
l PRESSURE 
CORONARY | mmHg} 
PRESSURE + 50 
INJECTION 500 ug METHOXAMINE 
INTRACORONARY 
BEFORE 15 SECONDS 
INJECTION AFTER INJECTION 
AoP = 120 AoP = 120 
CoP = 60 CoP = 71 
COR. FLOW = 19 COR. FLOW = 24 
DOR = 3.16 DCR = 2.96 
SR = 3.16 SR = 2.04 


FIGURE 2. The response in one experiment to intracoronary adminis- 
tration of methoxamine (500 jig) before (top) and after (bottom) partial 
coronary arterial constriction. AoP = mean aortic pressure; CoP = 
mean. coronary pressure; Cor. Flow = mean coronary blood flow; DCR 


= distal coronary resistance; ECG = electrocardiogram; and SR = 
“Stenotic resistance. 


ea 
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coronary arterial constriction. After administration of | 
methoxamine, coronary flow decreased, whereas distal 


coronary resistance increased. Figure 2 (bottom) shows 


for the same experiment the response to methoxamine: 


after partial coronary occlusion. Methoxamine then 


caused a slight increase in coronary flow, an increase in 


coronary pressure, an initial increase in distal coronary 
resistance and a decrease in stenotic resistance. 
Table I summarizes the effects of intracoronary 


methoxamine before and after partial coronary occlu- 
sion in six dogs. Before occlusion, methoxamine led to 
a large increase in distal coronary resistance and a de- 
crease in coronary flow. After partial coronary arterial _ 
occlusion, methoxamine caused an insignificant de- 


crease in coronary flow. By 15 seconds, coronary flow 


had decreased from 27.4 + 4.6 to 25.3 + 3.6 ml/min. This 


decrease in coronary flow was significantly less than the 


decrease in coronary flow that occurred before coronary 
arterial constriction (p $0.05). This altered coronary 
flow response was associated with a coronary pressure | 
increase and a slight, insignificant decrease in stenotic eo 


resistance. 
Vasopressin: Table II summarizes the effects of 
vasopressin (0.2 U) in six experiments. Before coronary 


arterial constriction, vasopressin caused a large increase 
in distal coronary resistance and a decrease in coronary 
flow. After partial coronary arterial constriction, vaso- 


TABLE | 
Coronary Hemodynamic Effects of Methoxarmine* 





Coronary Stenotic 

















Resis- Resis- 
tance tance 
Aortic. Coronary Coronary (mm (ram 
Pressure Pressure Flow Hg/mi Ha/mi 
(mm Hg) (mmHg) (ml/min) minh) mini} 
Before Occlusion 
Preinjection 122.5 122.5 32.8 4,17 
#45 +45 + 5.3 +:.0.46 
After injection 
15 seconds 123.5 122.7 24.2 587 >o 
+44 £49 +42!  +0.78 
30 seconds 125.8 125.0 24:5 5,78 
+40 +46 £9.8 + 0.707 
60 seconds 127.2 126.7 25.9 544 
+ 5.2 +57 £3.77 064 
120 seconds 128.3 128.3 26:9 5,58 
+33 + 3.3 £39 -+0.70 
After Partial Occlusion 
Preinjection 127.8 62.8 27.4 2.79 2.84 
+ 2.9 + 2.0 + 4.6 +0.43 40.51 
After injection 
15 seconds 128.8 73.6 25.3 3.29 2.57 
+ 2.4 +34 +36 +0.40 +0.50 
30 seconds 129.3 71.4 26.0 3.23 2.67 
+2.6 $3.07 445 +047 +044 
60 seconds 128.6 67.8 26.9 3.11 2.76 
+ 2.3 + 3.0 + 5.4 +050 +0.41 
120 seconds bog 7 67.8 24.6 3.72 3.39 3 
£2.4 + 4.4 +£7.4 £0.777 £05705. 


* All data values are mean + standard error of mean. 
1 Change from preinjection value significant at p <0.05 by Wilcoxon i 
test. 
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pressin still caused ar increase in distal coronary re- 
sistance and a decrease in coronary flow. Coronary 
pressure increased while stenotic resistance decreased. 
< These studies illustrate that when constriction of distal 
: coronary vasculature is severe, the reduction in stenotic 
resistance is insufficient to alter effectively the decrease 
in coronary flow. 
Isoproterenol: The typical response to intracoronary 
isoproterenol (1 ug) given before coronary arterial 
constriction is shown in Figure 3 (top). After the iso- 
proterenol injection, there was a large increase in cor- 
onary flow subsequent to the decrease in distal coronary 
resistance. Heart rate also increased. After partial cor- 
onary arterial constriction, there was a strikingly dif- 
ferent response to isoproterenol (Fig. 3, bottom). Cor- 
-> onary flow and coronary presssure now decreased and 
“stenotic resistance and heart rate increased. The de- 
crease in coronary flow was associated with a large in- 
crease in stenotic resistance. 

-Table IH summarizes for six experiments the effects 
of isoproterenol before and after partial coronary ar- 
- terial constriction. Before such constriction, isoprote- 
renol resulted in a significant decrease in distal coronary 
resistance and an increase in coronary flow. Heart rate 
increased 31 beats/min (p <0.05). After partial coronary 
arterial constriction, isoproterenol resulted in a decrease 
in coronary flow that was significantly (p <0.05) dif- 


TABLE ll 
Coronary Hemodynamic Effects of Vasopressin* 
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ferent from the normal coronary flow response to iso- 
proterenol. This altered coronary flow response was 
associated with a large increase in stenotic resistance 
and a decrease in distal coronary pressure. Heart rate 
increased 49 beats/min {p <0.05). 

Nitroglycerin: Table IV summarizes the data from 
the six nitroglycerin experiments. Before coronary ar- 
terial constriction, nitroglycerin led to a transient in- 
crease in coronary flow and a decrease in distal coronary 
resistance. After partial coronary arterial constriction, 
nitroglycerin caused a decrease in distal coronary re- 
sistance and distal coronary pressure, and an increase 
in stenotic resistance. Although distal coronary resis- 
tance decreased, coronary blood flow was unaltered. 
This coronary flow responsé was significantly different 
from the normal coronary flow response to nitroglycerin 
(p $0.05) and was associated with a large increase in 
stenotic resistance and a decrease in distal coronary 
pressure. 

Stenotic resistance versus distal coronary pres- 
sure: Figure 4, combining the data on stenotic resis- 
tance and distal coronary pressure in the four experi- 
mental groups, shows the changes in stenotic resistance 
that occurred after administration of a vasoactive drug 
versus the distal coronary pressure. For all the data 
shown in Figure 4, the initial value of coronary pressure 
(abscissa) before the vasoactive drug was between 56 


TABLE ll 
Coronary Hemodynamic Effects of Isoproterenol” 





Coronary Stenotic 


Coronary Stenotic 














Resis- Resis- 
tance tance 
Aortic Coronary Coronary (mm (mm 
Pressure Pressure Flow Hg/mi Hg/mi 
(mm Hg} imm Hg) (mi/min) -min7')  -min7') 
Before Occlusion 
Preinjection 120.5 120.5 34.2 4.22 
: +53 +5.3 + 5.8 + 0.73 
_ After injection 
_ = t5 seconds 122.0 122.0 12.7 15.44 
ey +54 + 5.4 £3.67 +493.747 
30 seconds 123.0 122.7 15.5 12.55 
+45 + 4.4 £6.5 + 3.83 
60 seconds 126.0 124.8 16.3 23.10 
+ 5.5 + 5.0 7.5 + 9.27 
120 seconds 131.8 130.7 23.0 7.87 
+ 6.8 + 6.3 + 5.9 + 1.75 
: After Occlusion 
“Preinjection 116.3 61.9 26.1 2.79 2.63 
£63 +15 + 4.9 +042 +0.69 
After injection f 
15 seconds 115.5 99.2 14.2 9.45 1.30 
: £.6.9 +7.17 +32? +242? 40.317 
30 seconds. 117.7 101.3 13.9 10.45 1.12 
+69 £7.91 +£3.41 +297? +0.2017 
60 seconds. 119.5 101.7 15.5 9.28 1.24 
+68.5 £7.07 +33 2.53? +044 
120 seconds 120.2 97.2 21.3 6.06 4.21 
£73 +637 38 + 14.701 +0.41? 





* All data values are mean + standard error of mean 


t Change from preinjection value significant at p <0.05 by Wilcoxon 


test. 
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Resis- Resis- 
tance tance 
Aortic Coronary Coronary (mm (mm 
Pressure Pressure Flow Hg/mi- Hg/młb 
imm Hg} (mmHg) (m/mi min™t) min@*) 
Before Ccclusion 
Preinjection 124.0 124.0 32.2 5.99 
+49 +4393 +69 + 0.92 
After injection 
15 seconds 721.0 416.8 87.4 1.70 
+ 6.9 + 2.1 + 15.77 +0.307 
30 seconds 715.6 116.0 45.3 3.42 
+ 2.9 + 3.3 + 114.1? 40.537 
60 seconds. 119.3 118.6 35.4 5 AT 
+ 44 +47 + 8.4 + 1.35 
120 seconds 122.4 122.6 36.6 5.03 
+ 4.8 + 4.8 + 7.9 + 1.37 
Atter Partial Occlusion 
Preinjection 124.4 61.2 25.8 3.05 3.09 
+ 3.3 $2.8 + 4.9 +0.35 +0.46 
After injection 
15 seconds 126.5 39.4 18.6 2.40 5.43 
+ 5.4 £2.77 +25 +0.29 +085? 
30 seconds 121.8 39.4 16.6 3.20 7.07 
£3.61 +32! +428 £0.69 +0.85' 
60 seconds 1215 42.5 17.4 2.78 5.50 
+ 3.1 £5.7' +24 +0.31 £0.91 
120 seconds 122.8 45.0 24.1 2.16 4.56 
+ 3.4 +70? £28 +0.47 +0.93 





* All data values are mean + standard error of mean. 
t Change from preinjection value significant at p<0.05 by Wilcoxon 


test. 
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cand 64. mm Hg and the initial value of stenotic resis- 
-tance (ordinate) was between 0.5 and 5.6 mm Hg/ml- 
min™!. As coronary pressure decreased after vasodila- 
tion, stenotic resistance increased (p <0.01); and, as 
coronary pressure increased above 60 mm Hg after 
vasoconstriction, stenotic resistance decreased (p 
0.01). 
In Vitro Arterial Preparation 
‘Constant flow experiments: Table V is based on 86 
observations i in nine arteries. Stenotic resistance always 
-increased as the distal resistance or distal pressure (P2) 
decreased: the greater the decrease in distal resistance, 
“the greater the corresponding increase in stenotic re- 
sistance. Further demonstrating the dependency of 
stenotic resistance on intraluminal pressure is the ob- 
-servation that the stenotic resistance changes were bi- 
directional. Lowering the distal pressure increased the 
stenotic resistance, whereas increasing the distal pres- 
sure decreased the stenotic resistance. At the end of 
each observation, the peripheral resistance was in- 
reased from 0.7 to 4.9 mm Hg/ml-min7|; this caused 
= the stenotic resistance to decrease and return to its 
_ control value. 
-Constant pressure experiments: Table VI is based 
: “on 3Lobservations in five arteries. The mean perfusion 
| pressure was 112.4 + 0.2 mm Hg. On the basis of the 










TABLE IV 
Coronary Hemodynamic Effects of Nitroglycerin* 





Coronary Stenotic 

Resis- Resis- 

tance tance 
Aortic Coronary Coronary (mm {mm 
Pressure Pressure | Flow Hg/mi  Hg/mł 
(mm Hg) (mm Hg) (ml/min) -min™') -mint 





Before Occlusion 


121.0 121.0 © 37.8 4.79 
+24 +24 +7.1 + 4.53 
2 












Preinjection 


After injection 


AS seconds 120.0 120.0 55.0 3.00 
5 + 3.5 +35 +11.7? +0.60 
30 seconds 118.7 118.7 38.7 460 | 
ai + 3.2 + 3.2 7.1 + 1.50 
: 60 seconds 120.9 120.9 . 36.9 4.42 
+24 £24 + 6.2 + 1.19 
120 déconds 119.6 119.6 37.6 4.72 
+30 +30 + 6.8 + 1.54 





After Partial Occlusion 


Preinjection 112.9 55.7 27.6 2.82 3.29 
i 6.2 #34 + 6.0 £0.71 £1.15 





After injection 


15 seconds 113.4 42.1 27.9 2.00 4.54 
+ 5.8 +36? +45.0 +0.48? + 1.947 
30 seconds 113.1 54.9 27.9 2.47 3.33 
+ 6.1 + 4.1 + 5.0 +064 +1.11 
ees BO seconds 112.4 52.4 27.7 3.12 3.54 
Fae + 6.7 + 4.3 + 4.9 4 4.13 + 1.31 
oes 120 seconds 414.0 55.4 25.7 3.34 3.71 
6.0 £3.5 445 +1.11 £1.33 










Al data values are mean + standard error of mean. 
a Change 1 from preinjection value significant at p <0.05 by Wilcoxon 
test. : 
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FIGURE 3. The response in one experiment to intracoronary adminis-.: 
tration of isoproterenol (1 ug) before (top) and after (bottom) partial 
coronary arterial occlusion. Abbreviations as in Figure 2. 


TABLE V 


Constant Flow-External Constrictor: Effects of Lowering — 
Distal Resistance on Stenotic Resistance* 








Distal Stenotic 
Resistance Proximal Distal Resistance 
(mm Hg/mi Pressure Pressure (mm Hg/mi 

«min 4) (mm Hg) (mm Hg) «min 4) 
4.88 183.6 111.8 4,80 
+ 0.06 +19 + 1.4 +0.08 
2,52 122.6 57.7 2.86 
+ 0.037 47.7? + 0.67 + 0.347 
36 129.7 A 29 
+ 0,017? + 10.87 + 0.21 + 0.47%} 
0.71 192.6 16.3 70 
+ 0.01%? 4414.1? + 0.31t 40.827 





* All data values are mean + standard error of mean. : 

t Change from control value significant at p <0.01 by Wilcoxon 
test. 

t Change from preceding value (from line above) significant at p 
0.05 by Wilcoxon test. 
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CORONARY PRESSURE 


-FIGURE 4. Distal coronary pressure versus Changes in stenotic resis- 


n tance (SR) that occurred after the administration of the four vasoactive 


drugs. See text for explanation. 


flew response, the data were divided into two groups. 
In Group A, the flow always increased as the distal re- 
sistance decreased. In Group B, the flow initially in- 
creased as the distal resistance was decreased. With 
subsequent lowering of the distal resistance, flow de- 
creased. The decrease in flow was due to the large in- 
© erease in stenotic resistance. The initial stenotic resis- 

~ tance was significantly higher (p $0.05) and the distal 
pressure significantly lower (p <0.05) in Group B than 
in Group A. Thus, the data indicate that a severe ste- 
nosis (Group B) was required for flow to decrease as the 
`. distal resistance was decreased. 


Radiographic Analysis 


The radiographic analysis demonstrated that low- 
ering the.peripheral resistance caused a significant de- 
„crease in stenotic diameter and a significant increase in 
percent stenosis. Figure 5 shows a typical radiogram 
cbtained from one experiment. Figure 6 summarizes 
the results of the radiographic analysis. Lowering the 
peripheral resistance caused a significant reduction in 
< the stenotic and distal diameters and a significant in- 
crease in percent of stenosis. These changes were asso- 
-elated with an increase in stenotic resistance from 2.48 
£0.53 to 5.23 + 0.74 mm Hg/ml-min™! (p $0.01). If the 
stenotic resistance is assumed to be inversely propor- 
tional to the diameter to the fourth power, then de- 
creasing the diameter from 0.59 to 0.50 mm would cause 
an approximate doubling of the stenotic resistance, 
which is similar to the observed experimental results. 
Thus, this group of experiments verifies that the 
changes in stenotic resistance were partially due to 
changes in stenotic area caused by the reduction of in- 
traluminal pressure. 
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TABLE VI 
Constant Pressure—External Constrictor” 

Distal Stenotic 
Resistance Distal Resistance 
{mm Hg/mi Pressure Fiow (mm Hg/mi 

smin™ ty imm Hg) (ml/min) emin™ 4) 
Group A: Fiow increase 
5.03 94.0 18.7 1.08 

£0.11 +27 + 0.5 + 0.17 

2.47 74.1 3C.1 1.37 

+ 0.077 + 3.57 + 1.57 + 0.20 

27 49.4 8.7 1.78 

+ 0.04% + 4.27% + 2.91 + 0.26T 
0.70 30.4 43.1 2.12 

+ 0.03" + 3.777 + 4,47 + 0.287 

Group B: Initial Flow Increase 

4.99 77.3 15.5 2.40 

+ 0.05 + 2.1 +£0.4 + 0.19 
2.45 50.1 29.4 3.24 + 

+ 0.037 + 2.27 + 0.8t 0.24 

22 25.1 23.8 4.74 

+ 0.02t+ + 1.5% +14 + 0.431} 
0.73 12.2 17.0 7.15 

+ 0.02tt + 0.97t + 1.6 + 0.95tt 





* All data values are mean + standard error of mean. 

t Change from contro! value significant at-p <0.05 by Wilcoxon 
test. 

+ Change from preceding value significant at p <0.05 by Wilcoxon 
test. 


Discussion 

Coronary flow response to vasoactive drugs: 
Methoxamine and vasopressin, before coronary arterial 
constriction, increased distal coronary arterial resis- 
tance and decreased coronary flow, a response similar 
to that reported by others.}+-!6 After partial coronary 
arterial occlusion, both methoxamine and vasopressin 
still increased distal. coronary resistance. In the 
methoxamine experiments, the decrease in stenotic 
resistance either attenuated the decrease in coronary 
flow or caused an increase in coronary flow. However. 
in the vasopressin experiments the decrease in stenotic 
resistance was insufficient to overcome the large in- 
crease in distal coronary resistance, and coronary flow 
always decreased. 

Before partial coronary arterial occlusion, intra- 
coronary administration of isoproterenol or nitroglyc- 
erin increased coronary blood flow and decreased cor- 
onary resistance. This response is similar to the results 
of other investigators.!?-2! After partial coronary arte- 
rial occlusion, intracoronary isoproterenol or nitro- 
glycerin still decreased distal coronary resistance. 
However, the coronary flow response was attenuated (or 
even reversed in some experiments) by the large in- 
crease in stenotic resistance. 

Thus, in the presence of severe stenosis, the normal 
coronary flow response to vasoactive drugs can be at- 
tenuated or even reversed. The mechanism for this 
phenomenon appears to be an interaction between the 
stenosis and the distal coronary vasculature. Methox- 
amine and vasopressin, which constricted the distal 
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FIGURE 5. Typical radiogram obtained before (top) and after (bottom) 
the peripheral resistance was lowered. 


coronary vasculature, also reduced the hemodynamic 
severity of the stenosis. Because total coronary resis- 
tance is the sum of stenotic resistance and distal coro- 
nary resistance, if the decrease in stenotic resistance was 
greater than the increase in distal coronary resistance, 
then total coronary resistance decreased. This decrease 
in stenotic resistance altered or even reversed the nor- 
mal increase in total coronary resistance and decrease 
in coronary blood flow after the injection of the vaso- 
constrictors. Conversely, isoproterenol and nitroglyc- 
erin, which dilated the distal coronary vasculature, in- 
creased the hemodynamic severity of the stenosis. This 
increase in stenotic resistance altered or even reversed 
the normal decrease in total coronary resistance and 
increase in coronary blood flow after the injection of the 
vasodilators. Thus, the results of this study would in- 
dicate that in the presence of severe stenosis, the in- 
teraction between the stenosis and distal coronary 
vasculature will ultimately determine whether a vaso- 
active agent will increase or decrease coronary blood 
flow. 

Stenotic resistance changes induced by changing 
distal resistance or pressure: Similarly, in the in vitro, 
carotid arterial preparation, changes in stenotic resis- 
tance were also induced by changing the distal resis- 
tance or pressure. Increasing the distal resistance or 
pressure always decreased the stenotic resistance. 
~ Conversely, lowering the distal resistance or pressure 
always increased the stenotic resistance. In the constant 
pressure experiments, distal resistance was not always 
associated with a flow increase. With higher initial 
values for stenotic resistance, flow actually decreased 
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FIGURE 6. Sketch of artery before (solid line) and after (vertical bars) 
the peripheral resistance was lowered. Data values on top are the mean 
+ standard error of mean of the proximal, stenotic and distal diameters 
and percent stenosis obtained before the peripheral resistance was 
lowered. Data on bottom are the same values obtained after the pe- 
ripheral resistance was lowered. 


as the distal resistance decreased. This occurred because 
of the large increase in stenotic resistance. 

Changes in stenotic resistance versus changes in 
luminal area: Radiographic analysis demonstrated 
that the changes in stenotic resistance were due at least 
in part to changes in luminal area. Lowering the distal 
pressure or resistance decreased the luminal area. With 
the snare, an external force is applied to the vessel that 
is opposed by the intraluminal pressure. Decreasing the 
intraluminal pressure would tend to collapse the vessel, 
whereas increasing the intraluminal pressure would 
tend to expand it.22 With severe stenosis, only minimal 
changes in stenotic area will drastically affect flow.!° 
Thus, in the presence of severe stenosis, these minimal 
changes in luminal area could cause part of the observed . 
increase in stenotic resistance. 

An increase in turbulence in blood flowing through 
the stenosis could also explain part of the increase in 
stenotic resistance.? However, changes in blood flow 
turbulence probably occurred secondary to luminat area. 
changes. Lowering the distal pressure decreased the 
luminal area. If flow remained constant (as in the in 
vitro constant flow experiments), the flow velocity 
through the stenosis would increase, leading to in- 
creased blood flow turbulence. 

Several potential mechanisms for the observed 
changes in stenotic resistance were unsubstantiated 
by our findings. Platelet plugging has been shown over 
long periods of time to influence flow through a steno- 
sis.23 However, the rapid response observed after ad- 
ministration of vasoactive drugs, the decrease in stenotic 
resistance after vasoconstrictors and the increase in 
stenotic resistance after isoproterenol and nitroglycerin 
preclude platelet plugging as a mechanism for the re- 
sponses observed in this study.?4 Systemic arterial 
pressure was unchanged. Finally, any potential changes 
in collateral blood supply would occur in the distal 
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coronary vasculature and therefore could not account 
for the observed changes in stenotic resistance. 

Previous studies on stenotic resistance changes: 
Several in vivo studies have demonstrated changes in 
.. stenotic resistance that were postulated to be caused by 
changes in geometry of the stenosis. Kreuzer and 
Schenk? demonstrated an increase in stenotic resis- 
tance in the iliac artery caused by distal vasodilation. 
They believed that vasodilation altered the degree of 
stenosis by increasing the unstenosed cross-sectional 
luminal area. Previously’ we demonstrated an increase 
in stenotic resistance caused by momentary coronary 
arterial occlusion. Schwartz et al. observed similar 
changes in stenotic resistance and postulated that the 
increase in stenotic resistance was due to a passive de- 
crease in the stenotic area secondary to the reduction 
in intraluminal pressure. In unsedated dogs in which 
instruments are chronically in place, Gould?® observed 
dynamic increases in the hemodynamic severity of 
> coronary arterial stenosis after coronary vasodilation. 
_ The increase in stenotic resistance after coronary 
vasodilation was probably due to the dilation of the 
epicardial artery adjacent to the stenosis, which caused 
more severe relative percent narrowing and a larger 
divergence angle. However, Lipscomb and Hooten,27 
using stenotic models, found that the pressure gradient 
across the coronary stenosis was not affected by varying 
the exit angle of the stenosis from 10 to 90°. More 
studies appear necessary to determine the exact 
mechanism or mechanisms involved in the increase in 
stenotic resistance after a reduction in the distal pres- 
sure.6:7:25,26 

Obviously, experimental arterial stenosis is only a 
model or imitation of human arterial stenosis. However, 
a recent in vitro study suggested that in man stenotic 
resistance is also dependent on intraluminal pressure.® 
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In that study proximal coronary arteries obtained from 
fresh postmortem human hearts were examined at 
various flow rates and levels of perfusion pressure and 
distal resistance. In coronary arteries with eccentric 
lesions (a plaque on one side not completely surround. 
ing the lumen), the resistance to flow was found to be 
dependent on the perfusion pressure. At lower perfusion 
pressures the resistance increased, whereas at higher 
perfusion pressures the resistance decreased. These 
results are similar to ours. 

Clinical implications of this study: In the presence 
of severe stenosis distal coronary vasodilation might 
paradoxically decrease blood flow by increasing the 
hemodynamic severity of the stenosed arterial segment. 
In light of Logan’s observations,’ this phenomenon 
would probably occur only in patients with eccentric 
lesions. Patients with hard, fixed concentric lesions 
would probably not exhibit this characteristic. Further. 
this study indicates that vasodilation can cause a severe 
reduction in distal coronary pressure. The reduction in 
coronary pressure could lead to a maldistribution ol 
myocardial blood flow and therefore the reduction in 
coronary pressure may be a factor in the production of 
subendocardial ischemia. This study also implies a very 
important role for collateral vessels: Such vessels not 
only would help to maintain myocardial blood flow, but 
also would heip to maintain distal coronary pressure and 
to stabilize the hemodynamic status of the stenosed 
arterial segment. Obviously, the foregoing arguments 
are speculative and additional studies are required to 
relate these experimental results to the clinical situa- 
tion. Conceivably, however, the interaction between 
stenosis and the distal coronary vasculature after ad- 
ministration of vasoactive drugs could be an additional 
factor in the therapy of patients with coronary arterial 
disease. 
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SPECIAL COMMENTARY 


Dynamic Coronary Stenosis 


K. LANCE GOULD, MD, FACC 


Seattle, Washington 


Recognition of coronary vasospastic disease, of the ef- 
fects of long or multiple stenoses and of the enormous 
variability of clinical estimates of severity of stenosis has 
increased sophistication in interpreting coronary arte- 
riograms during recent years. However, the field of 
coronary arteriography remains curiously retarded from 
a scientific point of view, without answers to profound 
clinical questions such as, How severe must a stenosis 
be before it alters ventricular function or myocardial 
metabolism? What severity of stenosis can be detected 
noninvasively? What is the progression or regression of 
severity of stenosis with, for example, antilipid or an- 
tiplatelet drugs? Such practical problems hinge on the 
definition of severity or changes in severity and there- 
fore raise more basic scientific questions. These include: 
How should stenoses be quantified physiologically and 
hydraulically? What effect does large vessel vasomotion 
and distal arteriolar resistance have on proximal lesions, 
and how can dynamic changes in stenoses be system- 
atically and quantitatively accounted for? The report 
by Santamore and Walinsky! in the current issue of this 
Journal documents the effects of vasoactive drugs on 


= the severity of experimental coronary stenoses. The 


study is important because it brings into sharp focus 
several fundamental issues on the nature of arterial 
stenoses and on assessment of their severity. This 
commentary therefore briefly reviews the published 
-data on the dynamic changes of “fixed” arterial steno- 
ses, outlines the basic concepts of fluid dynamics 
underlying quantitative geometric analysis of stenoses 
and poses some essential questions that are unre- 
solved. 


The Experimental Observations 


< Shipley and Gregg” in 1944 first showed that pe- 
- ripheral resistance of an arterial bed influenced the 
~ calculated resistance of an upstream large arterial ste- 
nosis. Kreuzer and Schenk? in 1973 described an in- 
crease in stenosis resistance during distal vasodilation 
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of the dog hind limb and hypothesized that vasodilation 
of the normal artery on either side of the stenotic seg- 
ment caused more severe percent stenosis with corre- 
sponding greater stenosis resistance. Gould et al.4 in 
1975 reported that coronary stenosis resistance as 
conventionally calculated increased as coronary flow 
increased and that distal pressure decreased after ad- 
ministration of coronary vasodilators in open chest dogs. 
Logan? in the same year demonstrated in postmortem 
perfused human hearts that stenosis resistance in- 
creased during a decrease in distal coronary pressure. 
Swartz et al. in abstract form? in 1977 and in a full re- 
port’ in 1979 demonstrated that with a critically severe 
coronary stenosis in open chest dogs, coronary flow 
decreased with a large increase in stenosis resistance and 
reduction in distal coronary pressure after the vasodi- 
latory stimulus of contrast medium or 10 seconds of 
occlusion. Walinsky et al. in 1979 independently re- 
ported similar findings. Gould? described in intact 
chronically instrumented animals a proportionately 
greater pressure loss and therefore greater severity of 
stenosis during high flows after administration of cor- 
onary vasodilators as compared with severity of stenosis 
at resting flow levels. Anderson et al.! recently found 
in intact instrumented dogs a close dependence of renal 
arterial stenosis resistance on distal pressure and renal 
vascular bed resistance. All cf these studies using ex- 
ternal cuff constrictors of normal arteries in experi- 
mental animals showed increasing stenosis severity after 
distal vasodilation associated with a reduction in distal 
arterial pressure. 

In contrast to findings in animal studies, Brown et 
al.!! and Doerner et al.'* using quantitative coronary 
arteriography in clinical studies reported a significant 
decrease in severity of stenosis after administration of 
nitroglycerin or nitroprusside. Who is right in this ap- 
parent conflict of results? De “fixed” stenoses change 
and, if so, for the worse or for the better and under what 
conditions? 


interpretation of Experimental Observations 


There are solid data indicating that experimental 
coronary stenoses become funetionally more severe with 
vasodilation of the distal coronary bed and perhaps less 
severe with vasoconstriction. Previous workers® 4 as well 
as Santamore and Walinsky’ have proposed that the 
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reduction in distal or intraluminal coronary pressure 
known to occur after administration of coronary vaso- 
dilators, either with or without an increase in coronary 
flow, causes a mechanical collapse of the wall of the 
. stenotic segment ef coronary artery. This hypothesized 

= mechanism is a reasonable possibility in normal dogs 

with externally compressed flexible coronary arteries 

or in eccentric lesions of human coronary arteries in 

which part of the wall of the stenotic segment remains 
flexible and able to collapse with a decrease in intralu- 
minal pressure. 

However, there are problems with this explanation. 
Brown!! and Doerner?” and their colleagues described 
consistent increases in cross-sectional area of coronary 
stenosis after administration of coronary vasodilators 
in man and a corresponding marked decrease in stenosis 
resistance derived from stenosis geometry. A partial 
explanation for these conflicting results is that in the 
animal studies the vasodilatory stimulus affected pri- 
marily the distal arteriolar coronary bed leading to a 
, reduction in intraluminal pressure, whereas in the 
' clinical studies the vasodilatory stimulus (nitroglycerin) 

-affected primarily the epicardial large coronary arteries. 
‘Thus, distal coronary arteriolar vasodilators may make 
stenoses worse and distal arteriolar vasoconstrictors 
may make them better, as suggested by the study of 
-< Santamore and Walinsky.' Proximal arterial large vessel 
dilators may make stenoses better, as Brown and 
Doerner and co-workers have suggested, or conceivably 
worse, depending on how they are analyzed, as discussed 
subsequently. Even so, the problem is more compli- 
cated. A thorough explanation requires a bit of simple 
mathematics, a subject. usually eliciting a glazing of the 
eyes and deep yawns. To counter this impending re- 
sponse, let me say a modest conceptual error has been 
propagated in the published reports and will be per- 
petuated unless terminated by an enlighted reader- 
ship. 

_.. Defining severity of stenosis resistance: In the 
“reports mentioned earlier,?~4 the increased calculated 
© stenosis resistance found with increasing flow (or de- 
- -creased distal coronary bed resistance), although de- 
-rived from experimental observations of pressure and 
> flow, is. an experimental artifact due to the way stenosis 
= yesistance is calculated from mean pressure and mean 
coronary flows; this increased stenosis resistance does 
not imply more severe geometric severity. The artifact 
arises from the definition of stenosis resistance as fol- 
lows: R, = G/Q, where R, is stenosis resistance, G is the 
mean reduction in pressure or gradient across the con- 
striction, and Q is mean flow through it. The experi- 
mental relation between the mean coronary stenosis 
pressure gradient and mean coronary flow during life 
is linear with the regression line intercepting the flow 
axis at zero gradient, indicating that at some positive 
mean flow values there is no measurable mean pressure 
- gradient.“ This relation can therefore be expressed as 
| the equation G = a + b Q, where a is the flow or X axis 
a intercept at zero gradient and b is the slope of the re- 
gression line relating the pressure gradient, G, to the 
flow, Q, that is, the change in gradient per unit change 
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in flow, AG/AQ. Substitution of this equation for G in 
the previous equation for calculated stenosis resistance 
gives the final expression R, = G/Q = b + a/Q = AG/AQ 
+ a/Q. This equation shows that stenosis resistance 
calculated from mean pressure and mean flow values is 
a hyperbolic function of flow. As flow increases from low 
values, R, increases in a nonlinear fashion and is not a’ 
fixed constant at all flows because of the last term of the 
equation, a/Q. This observation has been con irmed 
experimentally, with stenosis resistance increa 
nonlinear fashion as flow increased from low or resting. 
values.t Thus, by definition stenosis resistance calcu- ` 
lated from mean values of pressure and flow is depen- 
dent on flow despite constant, fixed stenosis geometry 
and is therefore an unsatisfactory measure of severity 
of stenosis. : 

Physiologically, the pressure losses across a stenosis 
are proportionately less during systole than during 
diastole and the gradient-flow relation during systole | 
is different (less severe) from that during diastole; — 
therefore, mean pressure-flow recordings are “distort- 
ed” by the myocardial compressive effects of systole and 
do not reflect the true diastolic hydraulic characteristics 
of the stenosis. Therefore, mean pressure gradient is 
not acceptable as a descriptor of hydraulic severity of 
coronary stenoses. Utilization of high fidelity phasic 
recordings of pressure and flow avoids this particular 
distortion artifact because the diastolic pressure gra- 
dient-flow relation is curvilinear and passes through the 
origin without a flow or X axis intercept? However, 
because the diastolic gradient-flow relation is curvi- 
linear, stenosis resistance calculated from phasic data 
as gradient/flow is also flow-dependent and has limited 
value in defining severity of stenosis over a wide range 
of flows. More complex methods of analysis are there- 
fore required using high fidelity phasic data as discussed 
subsequently. 

Previous reports®-8 and the current study of Santa- ~ 
more and Walinsky! describe this expected increase in 
calculated stenosis resistance with increased coronary 
flow without explicitly acknowledging this experimental 
artifact. However, in addition, these studies includea 
more important observation, namely, that in the pres- ` 
ence of a relatively severe stenosis coronary flow de- 
creased after distal coronary vasodilation. Because the 
flow decreased rather than increased, the mathematic 
artifact of increasing calculated stenosis resistance with 
increasing coronary flow does not apply. In other re- 
ports® severity of stenosis was determined by fitting 
diastolic or nonsystolic experimental data to equations 
derived from classic fluid dynamics not affected by the 
calculated resistance artifact. Both of these studies also 
showed a real increase in hydraulic severity of coronary 
stenoses at high flows after administration of coronary 
vasodilators. Thus, there is unequivocal evidence that 
experimental coronary stenoses become hydraulically 
worse after distal bed vasodilation. 

The results of Brown! and Doerner!? and their co- 
workers conflict with those of the current study of 
Santamore and Walinsky.! In the latter study the ste- 
nosis diameter of the in vitro model decreased after an 
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eight-fold decrease in distal intraluminal distending 
pressure. Such gross changes in distal pressure are not 
frequently observed in vivo after administration of va- 
sodilators, and the measured change in stenosis diam- 
eter averaged only 0.09 mm (from 0.59 to 0.50 mm). If 
such small changes can in fact be reliably measured, it 
is not clear that this degree of geometric change could 
account quantitatively for the large increase in stenosis 
resistance and decrease in coronary flow in the in vivo 
part of the current study. The question of altered ste- 
nosis resistance thus evolves to a problem of defining 
severity in quantitative geometric terms. This subject 
requires a brief review of the principles of fluid dy- 
namics. 


Principles of Fluid Dynamics 


According to accepted laws of fluid dynamics applied 
to laminar steady flow in an in vitro system of rigid 
tubes, the energy or pressure loss due to constriction of 
a tube is caused primarily by (1) viscous friction be- 
tween layers of fluid in the stenotic segment according 
to the Hagen-Poisuelle Law, and (2) flow separation or 
vortex formation (eddying or swirling) at the down- 
stream end of the stenosis.!*-!” The pressure loss, AP, 
is related to the flow velocity, V, through a stenotic tube 
according to a general equation that may be written in 
simplified form as AP = FV + SV2. F is the coefficient 
of pressure loss due to viscous friction and is dependent 
on relative percent narrowing, absolute diameter, and 
length of the stenosis. S is the coefficient of pressure loss 
due to flow separation and is dependent on relative 
percent stenosis and exit or divergence angle of the 
stenosis. V is the first power of instantaneous, mean 
cross-sectional flow velocity, and V? is the second power 
of velocity. An additional term may be added to account 
for inertial losses associated with pulsatile flow. How- 
ever, the inertial effects are small for stenoses of greater 
- than 50 percent diameter narrowing!” and can be 
omitted in relation to the coronary circulation. The fluid 
dynamic equations can be written as follows in terms 
of coronary flow velocity (1) or volume flow (2): 
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where AP is pressure loss across the stenosis, u is ab- 
solute blood viscosity, L is stenosis length, A, is the 
cross-sectional area of the normal artery, A, is the 
cross-sectional area of the stenotic segment, V is flow 
_velocity, p is blood density, k is a constant related to the 
exit or divergence angle, Q is volume flow. Blood vis- 
eosity and density are constant, and the relation be- 
tween pressure loss and coronary flow or flow velocity 
is therefore a function of stenosis geometry. 

In the flow equation (2), 1/A, is much smaller than 
1/A, for stenoses of modest to severe degree. Therefore, 
An, or the normal size of the artery for modest or severe 
narrowing, has little influence on severity of stenosis in 
the flow equation. For similar reasons, changes in the 
normal arterial diameter due to vasomotion have neg- 


ligible effects in the flow equation. The effects of ste- 
nosis in the flow equation are dependent primarily on 
the absolute diameter of the stenotic segment, not on 
relative percent stenosis or diameter of the normal ad- 
jacent artery, although the latter has some minimal 
influence. Severity of stenosis in the velocity equation 
(1) is highly dependent on relative stenosis as well as on 
absolute stenosis diameter and would therefore be 
sensitive to vasomotion of the normal part of the ar- 
tery. 

With use of quantitative coronary arteriographic 
analysis, the general form of these equations has been 
proved to apply to intact awake chronically instru- 
mented animals, but the quantitative accuracy of these 
equations for predicting in vivo pressure gradients has 
not yet been demonstrated? Experimental data in 
models suggest that the details of stenosis geometry 
such as eccentricity, streamlining or exit angle diver- 
gence and entrance shape are not of great impor- 
tance.!819 In simple terms, both equations show that the 
pressure gradient across a stenosis increases sharply and 
in a progressive curvilinear fashion with increases in? 
coronary flow. Therefore, the effects of a stenosis will 
be least during coronary flow at rest and greatest at high 
levels of coronary flow. 


Should Percent Stenosis or Absolute Stenosis 
Dimensions Be Used to Assess Severity? 


This question is really the same as asking should the 
velocity equatien or the flow equation be used? The 
advantages of using the flow equation are that (1) the 
equation is simpler, (2) it deals with volume flow, which 
physicians intuitively understand better than velocity, 
and (3) a single measure of absolute stenosis diameter 
and length defines the stenosis relatively independent 
of how big the normal artery is on either side of the 
stenosis; thus, there would be little change in effective 
severity of stenosis with vasodilation of the normal ar- 
terial segment as long as the stenotic segment remained 
fixed. The disadvantage of the flow equation is that it 
does not provide a quantitative assessment of stenosis 
independent of knowledge of blood flow in the stenotic 
artery, a limitation that in some comparative situations 
makes the flow equation appear erroneous from an in- 
tuitive, common sense point of view. For example, in 
absolute terms, a 2 mm diameter narrowing in a coro- 
nary artery with a diameter of 4 mm is a 50 percent 
stenosis, which we know to be of mild physiologic sig- 
nificance. However, a 2 mm stenosis in an aorta witha 
normal diameter of 20 mm causes a 90 percent stenosis, 
which we know is a severe physiologic lesion. However, 
the geometric severity of the 2 mm narrowing according 
to the flow equation would be comparable in the two 
instances. We could interpret the significance of that 
geometric severity only if we knew it were a coronary 
artery or the aorta; in other words, only if we knew how ` 
much flow would normally be going through the artery. 
Thus, use of the flow equation is of little value unless we 
also know the normal volume of flow in the artery. Using 
a modified flow equation and volume flow measure- 
ments, Lipscomb and Hooten!® demonstrated exactly 
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this point, that is, the size of the vessel on either side of 
the stenosis, and therefore percent stenosis, has no ef- 
fect on the severity of the gradient-flow relation if vol- 
ume flow is measured. If flow velocity is measured, the 
change in normal vessel caliber on either side of the 


stenosis would have a profound effect on the gradient- 


velocity relation used to describe severity of stenosis. 


‘The velocity equation does not have this problem 


< because it includes a measure of the normal arterial size 


and because, in the arteries of the body, mean cross- 
sectional flow velocities tend to be fairly uniform within 
a relatively narrow range in arteries of different sizes 
(between 20 and 40 cm/s at rest and four times that at 
peak); by comparison, volume flow at rest ranges from 
very small values in small arteries to 6,000 cc/min or 
greater in the aorta at rest). This stenosis geometry 
defined by the velocity equation provides a better as- 
sessment of severity without requiring knowledge of 
which specific artery is involved or how much flow goes 
through it. This logic also explains why percent stenosis 


has served for so many years as an empiric clinical 


measure of severity even though the precise reason for 


its validity is not widely recognized. The disadvantages 


__ of the velocity equation are that it is more complicated, 





flow velocity is less intuitively understood and stenosis 
severity. will change dynamically with adjacent arterial 
vasomotion. 

Thus, the choice of measuring either arterial volume 
flow or arterial flow velocity for any in vivo or in vitro 
experiment predetermines, by definition, whether ab- 
solute stenosis diameter or relative percent narrowing 
is the dominant factor in describing functional severity 
of stenosis. Failure to recognize this fact has led to ap- 
parently conflicting data. All studies in which the gra- 
dient-volume flow relation was used to describe stenosis 
severity conclude that absolute stenosis diameter is the 
most critical dimension. All studies in which the gra- 
dient-velocity relation was used to describe stenosis 
severity conclude that relative percent stenosis is the 
jost critical dimension, No study to date acknowledges 


- that the experimental data and those corresponding 
: - conclusions are obligatory, depending on the variables 
" measured—flow or velocity. A corollary to this obser- 
— vation having direct clinical relevance follows: To ask 
_ the question what percent stenosis affects flow is to ask 
an illogical question that cannot be rigorously answered. 


The proper questions would be either (1) What is the 
absolute stenosis diameter that affects the normal vol- 
ume flow in a specific artery (that is, coronary, iliac or 
other artery) where the normal volume flow in the artery 
would have to be known, or (2) What is the percent 
narrowing and absolute stenosis in any nonspecified 
artery that reduces its flow velocity? : 
Gradient-velocity versus gradient-flow relation: I 


_ believe that the velocity equation is more general, more 


a 


broadly applicable to all arteries categorically and 


therefore probably more useful for scientific purposes. 
< This issue is so important to arteriography and concepts 
—of-stenosis, both scientifically and clinically, that a 











_ graphic illustration is necessary. Figure 1, upper panel, 


- shows the hypothetical gradient-velocity relation (that 
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is, a graphic plot of the velocity equation) for stenoses 
of equal physiologic severity in a large and a small. ar- 
tery. Physiologic severity in this example is defined as 
the capacity to increase flow four times over resting 
values with a maximal pressure gradient of 25 mm Hg. 
The curve for the small artery is the same as that for the 
large artery, indicating equal hydraulic severity. The 
lower panel of Figure 1 shows the gradient-velocity 
relation for stenoses of unequal physiologic severity but 
of equal absolute stenosis diameter, 1.5 mm. The more 
severe physiologic lesion is associated with a capacity 
to increase flow by only 0.5, or 50 percent, with a 50mm 
Hg maximal gradient; it has a steeper gradient-velocity 
curve than that of the milder physiologic lesion, re- 
gardless of arterial size. Thus, by using velocity mea- 
surements (or equations), physiologically equal lesions 
in arteries of different sizes appear hydraulically equal 
and physiologically unequal lesions appear hydrauli- 
cally unequal. 

The opposite is true of volume flow measurements 
and equations. Figure 2, upper panel, shows the hypo- 
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FIGURE 1. Upper panel, relation of pressure gradient (AP) and arterial 

flow velocity in the normal unstenosed part of the artery for physio- 

logically equal stenoses (50 percent diameter) in a small artery with 

a diameter of 3 mm (dashed line) and in a large artery with a diameter 

of 6 mm (solid line). The arrow indicates the normai value? for coronary. 
flow velocity at rest (25 cm/s). Lower panel, similar relation for phys- 

iologically unequal stenoses of 1.5 mm absolute diameter in the small 

(dashed fine) and the large (solid line) artery. 
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thetical gradient-flow relation for stenoses of equal 
physiologic severity (as defined previously) in a small 
and a large artery. The curve for the small artery is 
steeper and leftward, indicating less flow for the same 
gradient; by this plot the small artery appears to have 
a hydraulically more severe lesion than the larger artery 
when, in fact, the two stenoses are physiologically the 
same. Thus, stenoses of equal physiologic severity in two 
arteries of different sizes appear unequal hydraulically 
if analyzed in terms of volume flow equations. The lower 
panel of Figure 2 shows the gradient-flow relation for 
stenoses of unequal physiolegic severity but of equal 
absolute stenosis diameter, 1.5 mm as before. The more 
severe physiologic lesion, which is associated with a 
capacity to increase flow by only 0.5 or 50 percent with 
a 50 mm Hg maximal gradient, has a gradient-flow curve 
that is the same as for a physiologically milder lesion in 


“the smaller artery. Thus, physiologically unequal lesions 


in two different arteries appear hydraulically equal if 
analyzed in terms of volume flow equations. For these 
reasons, I favor the use of velocity equations and ve- 


locity measurements in experimental studies and con- 


clude that relative percent stenosis is more important 
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than absolute stenosis diameter although the latter 
plays some role, especially if it is long. 

Comparison of stenosis before and after an in- 
tervention: These examples suggest that velocity 
equations and correspondingly relative percent stenosis 
are most useful for assessing severity of stenoses in 
general or for comparing lesions in arteries of different 
sizes. However, there is one situation in which flow 
equations and measurement of absolute stenosis di- 
ameter may be quite useful, namely, when comparing 
the geometric severity of a stenosis before an interven- 
tion, such as administration of nitroglycerin, to the same 
stenosis in the same artery after the intervention. In- 
herent in such comparisons before and after an inter- 
vention is the underlying question: Do coronary volume 
flow and pressure to the distal coronary bed improve or 
deteriorate with the intervention? The unknown that 
normally limits the interpretability of the flow equa- 
tions and absolute stenosis diameter is the need to know 
the volume flow that normally passes through the ar- 
tery. This unknown beeomes irrelevant when comparing 
the effects of interventions on the same stenosis in the.” 
same artery. Vasodilation purely of the normal segment 
of an artery on either side of a fixed stenosis will alter 
the velocity-gradient relation making the stenosis hy- 
draulically worse in ccrrect fluid dynamic terms; that 
is, for a given flow velocity the pressure gradient is 
greater. In this particular circumstance, the previous 
experimental question does not concern the exact 
physical description or measurement of the stenosis 
itself but rather of the effects on volume flow and per- 
fusion pressure—in a sense, distal physiologic effects. 
To answer a question about effects of a stenosis on 
volume flow obviously requires use of the flow equation 
and a graph of the volume flow-gradient relation as a 
measure of stenosis severity. In this instance flow ve- 
locity, V, would decrease in proportion to the increase 
in cross-sectional area of the normal artery, Ay, adjacent 
to the stenosis; therefore, volume flow, or A, X V, and 
pressure to the distal myocardial bed would not change. 
Thus, the use of flow equations in the studies of Brown?! 
and Doerner!’ and colleagues is an appropriate and 
proper application because they examined changes in 
stenosis after an intervention in comparison with the 
same stenosis under control conditions. Their experi- 
mental question asked whether the volume flow-gra- 
dient relation determined with quantitative coronary 
arteriography became worse or better after adminis- 
tration of nitroglycerin or nitroprusside. 

Standard for assessing stenosis severity: In several 
years of searching for a “gold standard” for analyzing 
severity of stenosis, I have found nc simple answer ap- 
plicable to all situations. The most reasonable general 
rules are: Rule 1, for assessing severity of stenosis in 
broadly applicable free-standing absolute terms for 
nonspecified arteries in general, for comparing different 
stenoses in different arteries or for averaging measures 
of severity of stenosis in different experiments or pa- 
tients, the best exact measure of severity of stenosis is 
the determination cf the friction coefficient, F, and the 
separation coefficient, 5, in the equation AP = FV + 
SV?. These coefficients can be obtained by two methods. 
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The first requires instrumented experimental animals 
in which phasic diastolic, beat by beat gradient across 
the stenosis and flow velocity are measured (with an 
implanted periarterial Doppler flowmeter); F and S are 
_ then determined by using a computer to find the qua- 
* dratic equation, AP = FV + SV’, best fitting the ex- 
perimentally recorded AP, V data as previously de- 
_seribed.? The other way can be carried out in patients 
or experimental animals by taking high quality or- 
thogonal coronary arteriograms and calculating F and 
-S from X-ray geometry as shown in the velocity equa- 
“tion, All coefficients to be compared or compiled into 
means must be obtained either at rest or at maximal 
vasodilation or over a range of flows by a rest-vasodi- 
lation composite equation.? Comparing one stenosis at 
rest with another during maximal vasodilation is in- 
correct. The closest, nonexact approximation of this rule 
is to measure relative percent stenosis. 

Rule 2, for comparing a stenosis to itself before and 
after an intervention in order to determine whether the 
intervention increased volume blood flow to the distal 

< coronary bed, the flow equation and a graph of the 
¢ volume flow-gradient relation are the most useful. The 
analysis may again be carried out in two ways. The first 
_ requires instrumented animals in which phasic diastolic 
gradient and volume flow are measured (by an im- 
planted electromagnetic flowmeter). The coefficients 
for friction, f, and separation losses, s, are then deter- 
mined by using a computer to find the quadratic 
equation, AP = fQ + sQ?, which best fits the experi- 
mentally recorded flow (Q) and pressure data. The 
second method can also be carried out in patients or 
experimental animals by taking orthogonal coronary 
arteriograms and calculating the coefficients f and s 
from X-ray geometry as indicated in the flow equation. 
(There is a third way combining the above two in ex- 
perimental animals by recording velocity with an im- 
planted periarterial Doppler flowmeter and measuring 
_ internal arterial diameters at the Doppler transducer 
» by arteriograms. Volume flow can then be determined 
_ as the product of the cross-sectional area at the Doppler 
transducer times velocity, A, X V, as shown in the ve- 
__ locity equation and the coefficients f and s determined 
__ by either pressure flow data or X-ray geometry.) The 
_ ¢losest nonexact approximation of this rule is to mea- 
- sure absolute stenosis diameter in millimeters. 

Having begun with a seemingly simple experimental 
observation, I have followed a tortuous but logical se- 
quence through a minicourse in fluid dynamics. I now 
return to the original experimental observation. 


Mechanisms for Altered Stenosis Severity 


Against the problems and background outlined there 
are four possible mechanisms for altered severity of 
“fixed” coronary stenoses during changing vasomotor 

** states of the coronary circulation: 
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1. Vasodilation of the normal coronary artery adja- 
cent to the stenotic segment with more severe percent 
stenosis, as proposed by Kreuzer and Schenk," or ad- 
jacent vasoconstriction with less severe percent ste- 
nosis. 

9. Further narrowing of the stenotic segment due to 
a decrease in intraluminal distending pressure after 
administration of arteriolar vasodilators or expansion 
of the stenotic segment by increased intraluminal 
pressure after administration of arteriolar vasocon- 
strictors, proposed by Logan, Swartz et al.,°’ Walinsky 
et al. and Santamore and Walinsky.! 

3. Arterial smooth muscle relaxation and vasodila- 
tion of the stenotic segment itself after large vessel 
coronary vasodilations, as proposed by Brown!! and 
Doerner! and their colleagues. 

4, The appearance of fully developed turbulence in 
the stenotic segment itself (not localized downstream 
turbulence at the exit end of the stenosis). This not 
previously proposed possibility can clearly happen at 
Reynolds numbers found in stenotic segments. At that 
moment when turbulence develops fully in the stenotic 
segment, the potential energy (pressure) losses would 
become so great that normal aortic pressure would be 
inadequate to maintain flow, which would therefore 
decrease without change in stenosis geometry. A theo- 
retical analysis of the relation between turbulence, po- 
tential energy losses and flow which indirectly bears on 
this problem has been presented by Berguer and 
Hwang”; however, they did not develop complete 
equations including viscous losses. 

Clinieal implications: It is likely that all four 
mechanisms are acting in various degrees under dif- 
ferent physiologic conditions at different levels of ste- 
nosis severity. Further studies using high quality 
quantitative coronary arteriography and high fidelity 
phasic pressure-flow velocity recordings will be needed 
to sort out the relative importance of these four possible 
mechanisms. In any case this discussion illustrates that 
our previous simple concepts about “impaired plumb- 
ing” in coronary artery disease have evolved toward a 
recognition that the hydraulic characteristics of coro- 
nary arterial stenoses are complex biophysical phe- - 
nomena worthy of serious scientific study. Such studies 
might also be of therapeutic benefit with further doc- 
umentation of the radical suggestion by Santamore and 
Walinsky! that, in certain circumstances, selective 
coronary arteriolar vasconstriction might decrease 
stenosis severity, increase distal coronary pressure and 
improve subendocardial perfusion. A combination of 
selective coronary vasoactive drugs that produced 
vasodilation of the proximal stenotic arterial segment 
and distal arteriolar vasoconstriction would appear to 
merit further investigation by careful quantitative | 
analysis of coronary stenoses and biochemical correla- 
tions in animal experiments. 
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lets (total number of GI lesions in both foreign countries and 
the United States remains less than one per 100,000 patient- 
years). The incidence of lesions with enteric-coated KCI tab- 
lets is 40-50 per 100,000 patient-years. 

References 

1. Files of the Medical Research Department, CIBA Pharma- 
ceutical Company, Summit, New Jersey. 

2. Tarpley EL: Controlled-release potassium supplementation. 
Curr Ther Res 16 (7):734-741 (July) 1974 

3. Editorial: Slow-K, quick quick, slow. The Lancet // (7889): 
1123-1124 (Nov. 9) 1974. 
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SLOW-K? 
{potassium chloride) 
slow-release tablets 


DESCRIPTION 

Slow-K is a Sugar-coaled (not enteric-ccated) tablet containing 600 mg potas- 
sium chloride (equivalent to 8 mEq) in a wax matrix This formulation is in- 
tended to provide a controlled lease of potassium from the matrix to 
munenize the likelihood of producieg hgh localized concentrahons of potas- 
sium within the gastrointestinal tract 


INDICATIONS 

BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
ARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EF- 
FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

1. For therapeutic use in patents vath hypokalemia with or without metabolic 
alkalosis; in digitalis intoxication and n pahents with hypokaiemic famibal 
periodic paralysis 

2. For prevention of potassium depletion when the dietary intake of potassium 
iS inadequate in the following conditions: Patents recewng digitalis and 
diuretics for congestive heart lature. hepatic cirrhosis with ascites. states of 
aldosterone excess with normal renal function, potassium-losing nephropathy, 
and certain diarrheal states 

3. The use of potassium salts in pahenis receiving diureics for uncomplicated 
essential hypertension is often unnecessary when such patients have a nor 
mal dietary patiern. Serum potassium should be checked periodicalfy. how- 
ever, and, it hypokalemia occurs. dietary supplementation with potassium- 
containing foods may be adequate to control milder cases. In more severe 
cases supplementation with polassium salts may be indicated 
CONTRAINDICATIONS 

is patients with hyperkalemia, since a further increase in serum potassium 
concentration in such pahents can psoduce Cardiac arrest. Hyperkalemia may 
complicate any of the following canditiens: chronic renal failure. systemic 
acidosis such as diabetic acidosis, acule dehydration. extensive issue 
breakdown as in severe burns. adreral insufficiency, or the administration ola 
polassium-spanng diuretic (eg. spironolactone, inamlerene} 

Wax-matrix potassium chiande preparations nave produced esophageal ul- 
ceration in certan cardiac patients wilh esophageal compression due to 
enlarged left atrium 

All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause tor arrest or delay in table! passage through the 
G... tract, in these instances. potassium suppiementation shouid be with a 
liquid preparation, 

WARNINGS 

Hyperkalemia: in patients with impaired mechanisms for excreting potassium. 
administration of potassium salis can produce hyperkalemia and cardiac 
arrest. This occurs mast commonly ir patiems given potassium intravenously 
but may also occur when given orally. Potenhally fatal hyperkalemia can 
develop rapidly and be asymptomatic Use of potassium salts in patients with 
chrome renal disease, or any ofher condition which impairs potassium excre- 
non. requires particularly careful morsionng of the serum potassium concen- 
vation and appropriate dosage adjustment 

interaction with Potassium-Sparing Diuretics: Hypokaiemia should not be 
vealed by the concomitant administration cf potassium salts and a potassium- 
sparing diuretic feg. spironolactone ar Inamterene), since the simultaneous 
administration of these agenis can produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chloride tablets nave oe stenotic 
and/cr ulcerative lesions of the smaf bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
fapidiy dissolving tablet, which injures the bowel wali and thereby produces 
obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formu- 
lated to provide a controlled rate of rewease of potassium chloride and thus to 
minimize the possibility of a high local concentration of potassium ion near the 
bowel wall. While the reported frequency of smail-bowel lesions is much less 
with wax-matinx tablets (ess than one per 100,000 patient-years) than with 
enteric-coeated potassium chloride tablets (40-50 per 100.000 patient-years} 
cases associated with wax-matnx tablets have been reported both in foreign 
countries and in the United States. in addition, perhaps because the wax- 
matrix preparations are not enteric-coated and release potassium in the 
stomach, there have been reports of upper gasirointestinai bleeding as- 
sociated with these products. The total number cf gastrointestinal lesions 
remains legs than one per 100.000 patient-years. Slow-K shouid be discontin- 
uad immediately and the possibility of bowel obstruction or perforation com 
sidered if severe vomiting, abdoming! pain, distention, of gastrointestinal 
bleeding occurs. 

Metabolic acidosis: Hypokalemia in patients with metabolic acidosis shouid 
be treated with an aikalinizing potassium salt such as potassium bicarbonate. 
potassium citrate, or potassium acetate 

PRECAUTIONS 

Potassium depletion is ordinarily diagnosed oy demonstrating hypokalemia in 
a patient with d clinical history suggesting some cause for potassium depie- 
ten in interpreting the serum potassium level. the physician should bear in 
mend that acute alkalosis per se can produce hypokalemia in the absence ofa 
dehait in total body potassium, while acute acidosis per se can increase the 
serum potassium concentration inte the normal range even in the presence of 
a reduced total body potassium. Treatment of potassium depletion, particu- 
larly in presence of cardiac disease. rena! disease. or acidosis, requires 
carelul attention to acid-base balance and appropriate monitoring of serum 
electrolytes. electrocardiogram, and clirical status of pavent 

ADVERSE REACTIONS 

Most common to oral potassium salts: rausea, vomiting, abdominal discom- 
fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the dose 
with meais, of reducing the dose. 

One of the most severe adverse effects is hyperkalemia (see Contraindica- 
tions and Wamings}. There also have been reports of upper and lower 
gastrointestinal conditions. including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings). other tactors known to be 
associated with such conditions were present in many of these patients 
Skin rash has been poned rarely. 

DOSAGE 

Usual dietary intake of potassium by the average adultis 40 to 80 mEq per day. 
Potassium depletion sufficient to cause aypoxalemia usually requires loss of 
200 of more mEg of potassium from the total body store 

Dosage must be adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypokalemia to 
40-700 mEq per day or more for treatment of potassium depletion 

Note: Siow-K siow-release tablets must be swallowed whole and never 


crushed or chewed. 
667112 C78-23(4/78) 
Consult complete product literature before prescribing $28-02338-65 
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Briet Summary of Prescribing information 


indications and Usage: Symptomatic. relief of anxiety, tensien, agitation, irritability 
insomnia associated with anxiety neuroses and transient situational disturbances; an 
associated with depressive symptems and as a treatment of symptoms of anxiety if such $ 
toms are a significant feature of functional or organic disorders, particularly gastrointestir 
cardiovascular. 

Effectiveness in iong-term. use. ie., more than 4 months, has not been assessed by sy: 
atic clinical studies. Reassess periodically usefulness of the drug fer the individual patient 
Contraindications: Known sensiivity to benzodiazepines or acute narrow-angle giaucor 
Warnings: Not recommended in primary depressive disorders or psychoses. As with ail | 
acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, ai 
diminished tolerance for alcohol ard other CNS depressants. 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with £ 
turates and alcoho! have occursed foliowing abrupt discontinuance of benzodiaze; 
finctuding convulsions, tremor, abdominal and- muscle cramps, vomiting and sweating). A 
ton-prone individuals, e.g. drug addicts and alcoholics, should be uncer careful surveil: 
when on benzodiazepines because of their predisposition to habituation and depende 
Withdrawal symptoms have also been reported foliowing abrupt discontinuance of ben 
azepines taken continuously at therapeutic levels for several months. 

Precautions: in depression accompanying anxiety. consider possibility for suicide. 

For elderly or debilitated patients initial daily dosage-should not exceed 2mg tò avoid: 
sedation 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may resi 
symptoms like those being teated. anxiety. agitation, irritability, tension, insomnia and c 
sional convulsions. 

Observe usual precautions with impaired renai or hepatic function: 

Where gastrointestinal or cardiovascular disorders coexist with anxiety. note that loraze 
has not been shown of sign:ficant benefit in treating gastrointestinal or cardiovascular coi 
nent. 

Esophageal dilation occurred in rats treated with iorazepam for more than 1 ye 
6mg-kg ‘day. No effect dose was 1.25mq/kg/day (approximately 6 tmes the maximum ht 
therapeutic dose of 10mg/day) Effect was reversible only when treatment was withdrawn v 
2 months of first observation. Clinical significance is unknown, but use of lorazepam for 
longed periods and in geriatric patients requires caution and frequent monitoring for symp 
of upper G i. disease. 

Satety and effectiveness in children under 12 years have not been established. 
ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia: some havi 
elevations of LDH. As with other benzodiazegines., periodic blood counts and liver function 
are recommended during long-term therapy 
CLINICALLY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depre: 
effects when administered with such medications as barbiturates or alcohol. 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerg 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 


PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of ral 
Occasional anomalies {reduction of tarsalis. tibia, metatarsals, mairotated limbs. gastrosc 
maiformed skuli and microphthaimia) were seen in drug-treated rabbits without relationst 
dosage. Although all these anomalies were not present ir the concurrent control group, 
nave been reported to occur randomly in historical controis, At 40mg.‘kg and higher, there 
avidence of fetal resorption and incseased fetal loss in rabbits which was not seen at | 
doses Clinical significance of these findings is not known. However, increased risk of con 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam 
meprobamate) during first trimester of pregnancy has been suggested in several stu 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this pr 
shouid almost always be avoided. Possibility that a woman of child-bearing potential ma 
pregnant at institution of therapy should be considered. Advise patients if they become p 
nant to communicate with their physician about desirability of discontinuing the drug. 

in humans. blood jeveis from umbilical cord blood indicate placental transfer of joraze 
and its glucuronide. 
NURSING MOTHERS: it is not knowe if oral lorazepam is excreted in human milk like i 
benzeciazepines. As a general rule, nursing should not be undertaken while on a drug ! 
many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and gen 
disappear on continued medication oron decreasing dose. in a sample of about 3,500 am 
patients, most frequent adverse reaction is sedation (15.9%), followed by dizziness (6 
weakness (4.2%) and unsteadiness (3.4%). Lass frequent are disorientation, depression, 
sea. Change in appetite, headache. sleap disturbance. agitation, dermatological symptoms 
function disturbance, various gastroimestinal symptoms and autonomic manifestations. 
dence of sedation and unsteadiness increased with age. Small decreases in biood pres 
have been noted but are not clinically sgnificant, probably being related to relief of anxiety 


Overdosage: in management of overdosage with any drug, bear in mind that multiple aç 
may have been taken. Manifestations of overdosage include somnolence, confusion and c 
induce vomiting and/or undertake gastric lavage tollowed by general supportive care, mor 
ing of vital signs and close observation. Hypotension, though unlikely, usually may be contr: 
with Levarterenol Bitartrate injection U.S.P Usefulness of diaiysis has nct been determined 


(Ativan: 


For,(orazepam) 


Dosage: individualize for maximum beneficial effects. increase d 
gradually when needed, giving higher evening dose before increas 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or ti.d.; dos: 
may vary from 1 to 10mg/day in divided doses. For elderly or del 
tated, initially 1-2mg/day; insomnia due to anxiety or transient sil 
tional stress, 24mg h.s. 


How Supplied: 0.5, 1.0 and 2.3mg tablets. 


Wyeth Laboratories 


| | | Philadelphia. PA 19101 


Conynght © 1978. Wyeth Laborat 
Div. of AHPC, N YY All nights rese 


Gi 


ee eee ‘Ativan: 
Anxiety 
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TAKE A LOOK ieee NEW RECORDER 


AND SEE WHAT YOU'VE BEEN MISSING 
IN ECHOCARDIOGRAMS. 





lf you're not seeing everything you expect from your M-mode echo, video for real time, and B-scan. Other 
present system, you should be looking at the LS-8—a modules can interface with up to six physiological data 
totally new concept in presenting diagnostic information channels and provide timelines. The 2 kHz frequency 
for echocardiography. response of the data channels provides diagnostic- 

It delivers crisp black and white echocardiograms quality phonocardiography recordings. And since the 
that won't fade. Echocardiograms that are developed LS-8 is convection-cooled, there’s no fan noise, no 
dry, without chemicals, and without any warm-up delay acoustical interference on sensitive phonocardiography 
caused by speed changes. So you get an instant channels. 
echocardiogram for immediate evaluation. Now add operation that’s simpler than ever, a 

And what an echocardiogram! Sharp and clear, design that’s quick and easy to service, and you have 
with automatic intensity compensation for paper speeds the LS-8, backed by the experience and expertise of 
from 5 to 100 mm/sec and the kind of high resolution people whose business is graphic recorder technology. 
and superior contrast that comes only from a wide and Honeywell's new LS-8 Stripchart Recorder will 
accurate gray scale range. Optional with direct print deliver every bit of image quality your ultrasound system 
paper at 5 to 500 mm/sec. is capable of. Ask your echo system supplier. Or contact » 

Specific application modules provide optimum Bob Shipman, Honeywell Test Instruments Division, Box 
performance in a wide variety of applications, including 5227, Denver, Colorado 80217, phone 303/771-4700. 


WE'LL SHOW YOU A BETTER WAY. 
Honeywell 
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How oral 


nitroglycerin 
“After ONTG [controlled-release Y (66 mm Hg) during this 


oral nitroglycerin, 6.5 mg to 19.5 mg] therapy interval [Afterload reduction}:”* 
ingestion left ventricular filling pressure works “Consonant with the hemodynamic 


(LVFP) diminished in 20 min....declined effects of the preparation...has been 
se, ert “ps nla oe lap T its antianginal efficacy demonstrated 
sed in a controlled clinical trial?* 
“Mean blood pressure was 3-10 mm Hg less 

than control (88 mm Hg) throughout the four aaaea a ie rasta AN, poa a 
= m r saluta ecis o coniro! -release nitrogiyceri n 

hour period after ONTG therapy, and diastolic ventricular function in congestive heart failure. Clinical 
blood pressure was 2-8 mm Hg below control Cardiology 2:19-25 (Feb) 1979. 


NITRO-BID Plateau CAPS’ 
(nitroglycerin) 9 mg, 6.5 mg and 2.5 mg 














VOLUME 
OF BLOOD IMPEDANCE 
IN HEART TO EJECTION 
REDUCED REDUCED 











WARNINGS: Nitro-Bid is not intended to abort the acute anginal episode. Nitro-Bid 
Capsules must be taken orally, not sublingually. 

PRECAUTIONS: Headache is a sign of overdosage, and therefore, dosage should 
be reduced. Occasionally, elderty patients may have no untoward symptoms while 
recumbent, but may develop postural hypotension with faintness upon suddenly 
arising. Another patient benefit product from 
ADVERSE REACTIONS: With use of nitrates, transient MARI DIVISION 
CONTRAINDICATIONS: Patients with marked anemia, increased intraocular pres- headache, postural hypotension, flushing, tachy- M AR ION 
sure, increased intracranial pressure, glaucoma, hypotension, and idiosyncrasy cardia and dizziness may occur. M LABORATORIES INC. 
to this drug. Consult full product disclosure before prescribing. 


INDICATIONS: Based on a review of oral nitrate drugs by the National Academy 
of Sciences—National Research Council and/or other information, FDA has 
classified the indications as follows: “Possibly” effective when taken by the oral 
route, Nitro-Bid Capsules are indicated for the management, prophylaxis or 
treatment of anginal attacks. Final classification of the less-than-effective indi- 
cations requires further evaluation. 
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THERMODILUTION CARDIAC 
OUTPUT COMPUTER 


THERMODILUTION 
CATHETERS 


injectate Lumen 
30 cm proximal —7F 
MODEL 15 cm proximal —5F \ thermistor 
3500E ; Cis 


ae 
Latest bedside E í Re WD 
cardiac output E g Paa %, tA, 
computer monitoring = © i \—Merkings, ~ 


< 


z 
5 y 
technology J5 ( j avery 10cm _) 1% (cc Balloon Inflated 
| 5 ~ Syringe Balloon 
Thermistor CVP— j 
MODEL Connections Proximal / 
3501 < ae 
f Distal «= 
Companion auto- f 
matic recorder for 
thermodilution curve 
Thermistor 





Features: 


e AUTOMATIC body and 
injectate temperatures 


e AUTOMATIC thermal curve 


Features: 


è Convenient and complete 
sterile packaging 


e ACCURATE cardiac outputs 
— adult and pediatric ranges 


e SIMPLE pushbutton 


èe Tapered tip — pressure fidelity 
and introduction 


operation recording e Precalibrated and e Thermistor located inside J 
e ADJUSTABLE test e CHOICE of injectate volume interchangeable curve — prevents P.A. wall contact 
calibration and temperature e Adult, pediatric and direct è Balloon protection shield 


e SERVICEABLE — interchangeable circuitry placement sizes 


For additional information contact Ross A. Linnemann 
KIMRAY MEDICAL ASSOCIATES 
53 N.W. 42nd. Oklahoma City, Oklahoma 73118 
(405) 525-3623 





PACESETTERS for the 1980's 
from SPRINGER-VERLAG 


SYSTOLIC TIME INTERVALS (International Boehringer 
Mannheim Symposia) Edited by WF List Austria, JS Gravensten 
and DH Spodick, USA 


The first comprehensive review of STI] measurement methods and their clinical 
applications. Included are reports on the use cf computer system measurement 
and evaluation. comparisons of echocardiography and STI measurements, and 

: studies of achieved results Concise and varied in angles of approach, this new 
book provides solid ground for studying the use of systolic time interval measure- 
ment as a pre-selection technique in patients where invasive morbidity and mor- 
tality may be a risk Cardiologists, internists. physiologists. and anesthesiologists 
will find Systolic Time Intervals a valuable guide to current research on the value 
of STI measurements before and after drug intervention or cardiac surgery 






















ATHEROSCLEROSIS V (Proceedings of the Fifth Interna- 
tional Symposium) Edited by AM Gotto, Jr, Barbara Allen, and 
L.C Smith, The Methodist Hospital/Baylor College of Medicine, Houston 


Devoted in part to the latest advances in surgery for atherosclerotic disease, this, 
new book includes papers presented in Houston, November, 1979, by such noted 
surgeons and physicians as David Blankenhorn, William Castelli. Michael DeBakey, 
John Goodwin, William Kannel, John Leragh, Robert Levy, and Dawid Sabiston 
It covers such topics as hypertension, the rdle of diet in prevention and treatment 
risk factors in children effectiveness of aspirm in coronary disease, drug treatment 
of hyperlipidemia, and epidemiology of atherosclerotic lesions Available now for 
the first time in print, these proceedings are outstanding 












Find out more about our books on cardiciogy Stop by Springer-Verlag booth 
#1348 at the American College of Cardiology convention in Houston Or write for 
more information to: SPRINGER-VERLAG NEW YORK INC., Dept S1980 






175 Fifth Ave, New York, NY 10010 
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A life-threatening 





ges in pulmonary angiography following Breokinase infusion! 


BRE OKINASE 


(urokinase) 





NEW 
BREORINASE 


(urokinase) 


for injection 


Rapid and effective dissolution 
of pulmonary emboli. 








E Proven by controlled clinical studies? 


H More rapid and effective than heparin 
alone during the first 24 hours after 
start of therapy? 


1. Sasahara AA, Hyers TM, Cole CM, et al: The urokinase pulmonary embolism trial. Circulation (Suppl 11) 47:1-108, 1973. 
2. Fratantoni JC, Ness P, Simon TL: Thrombolytic therapy: Current status. N Eng J Med 293:1073-1078, 1975. 


Please see prescribing information on last page of this advertisement. It is important t0 pay close 
attention to WARNINGS and CONTRAINDICATIONS sections to minimize the risk of bleeding. 








New Breokinasée is highly purified 
human protein. 


E Lower incidence of fever;?** 


E Can be used effectively in patients with 
recent streptococcal infections or _ 
high titers of streptococcal antibodies. 


E Less risk of allergic reactions 
than streptokinase.t 


Now urokinase therapy at lower cost 


E Offers substantial savings to both 
hospital and patient. 


E Convenient. Ask your Breon representative 
for a list of depots. There is one near you. 


*Febrile episodes occurred in about 2-3% of urokinase-treated patients. A causal relationship to 
urokinase has not been established. 


tin vitro and intradermal tests gave no evidence of induced antibody formation. However, the possi- 
bility of serious allergic reactions occurring cannot be excluded. There have been rare reports of 
relatively mild allergic reactions such as bronchospasm and rash. 
3. Sasahara AA, Bell WR, Simon TL, Stengle JM, Sherry S: The phase II urokinase-streptokinase 
pulmonary embolism trial. Thrombos Diathes Haemorrh (Stuttg) 33:464-476, 1975 


4. Urokinase pulmonary embolism trial study group: Urokinase-streptokinase Sili trial. JAMA 
229:1606-1613, 1974. 














Doctor: Betore Drescribing or admitistarirg 
Breokinase® (uroxnase for injection) pleass read tie 
following product iaformation. 


BREORINASE’ 


(urokinase y for injection 


Breokinase (urokimase for injection) should bə used 
only by physicians with adequate experiance. in she 
management of thombotic disease in hospitals whare 


-necessary clinical and laboratory monitofing can be 


performed isee Wernings, Precautions and Dosage and 
Administration). 

The physician should carefully assess the “overall 
clinical status and history of the patient before 
beginning urokinase treatment. Urokinase. produces 
more profound changes in hemostasis and a greater 
frequency:of bleeding than heparin or oral coumarin 
anticoagulant therapy. Bleeding when it occurs is more 
severe and more-difficult to manage. Such factors as 
patient's age, physical condition, and underlying bised- 
ing tendency (as described under Warnings :and Pre- 
cautions) should 3e taken into consideration wher the 


potentiai risk of serious hemorrhage is weighed against « 


the potential benefits of urokinase treatment 
Indications 5 


Breokinase is indicated for the thrombolytic treat- 

ment of: 

—acute massive pulmonary embolism, defined as ob- 
structicn or significant filling defects involving two or 
more lobar palmonary arteries or an equivelent 
amount of ernpoli in other vessels, as see? or pul- 
monary arteriegraphy: 

—pulmonary enbolism accompanied by uns able 
hemodynambts, i.e., inability to maintain clood 
pressure without supportive measures. __ 

The diagnosis of pulmonary embolism shoud be 
confirmed by orjective means, preferably pulmonary 
arteriography. 

Urokirase treatment shouid be started Bs saon as 
possible after diagnosis of pulmonary =mbdlism, but 
no later {han five days after onset. Unde? these ccum- 
stances, angiographic and hemodynamic measure- 
ménts and pertusion lung scans demo rstrzte è more 
rapid imaroverrent during the first 24 hours after initia- 
tion o* therapy than with heparin the“apy. Hcwever, 
it has not beem established that urokitase treatment 
decreases morzidity or. mortality compara to Feparin 
therapy alone. 


Contraindicatiens 


Thrombolytic *herapy increases the risk cf bleeding. 
The risk of hemorrhage in the conditicns Hstea below 
shouldbe weghed carefully against the anticipated 


> benefits of usokinase therapy in each patiext. The 


benefits and sisks associated with urckinżse *herapy 

should. be compared to the benefits and risks asso- 

ciated with other forms of treatment. +- 
1. Surgical procedures within precec ng ten cays (in- 
cluding liver or kidney biopsy, lumbar puncture, 
thcracentesis, paracentesis, extensive or nultiple 
culdowns . 

. {fitraarterial diagnostic procedure within ten days. 

. Ulcerative wound. 

Recent trauma with possibility of internal njuries. 

. Visceral cr intracranial malignancy. 

Pregnancy and the first ten days post-partum. 

. Actively bleeding lesion of the gastrcintestinal or 
genitourimary ‘tract, or a condition with significant 
pctential! Jor bleeding lincuding Jicerative colitis, 

.  diverticufitis), 

8. Severe hypertension. 

9. Acute or shronic hepatic or renal insufficgency. 

0. Uricontmiled hypocoagulable state (iacluding 
coagulaton factor deficiency, thrombocytopenia, 
spontaneous fibrinolysis, any purpuric er hemor- 
thagic dBorder), 

11. Chronic pulmonary disease wit) cavitation, €g.. 

tuberculosis. 

Subacute bacterial endocarditis or “neumatic val- 

vular disease. - 
13. Recen: zerebral! embolism, thrombesis Dr hemor- 
‘rhage (within at teast two months: to avoid risk 
“ af bleecing into infarcted cereb-al issue. 

14. Any other condition in which bleeding constitutes 
A significant hazard or would be Farticula‘ly difficult 
fo locata or control. i 

Warnings $ 

Bleading: Activation of the fibrinolytic srstem with 

uroxinase causes a more profound change ia the hemo- 

static status of the patient than does an icoagulant 
therapy wi-h heparin or coumarin agents. The objective 
of urokinase therapy is the production ci sufficient 
amounts cf plasmin to lyse intravascular Joposits of 
fibrin; however, fibrin deposits which pravide hemo- 
stasis, for example at sites of nesdle purctures, will 
also unde*go lysis, and bleeding trom such sites may 
occur. The possibility of bruising or hamazoma forma- 
tian, especiatly with intramuscular in.ections, is 
suastantial during thrombolytic therapy. Unnecessary 
clinical o“ diagnostic procedures. should ve avoided. 

l is important that close attention be paia to this sec- 
ficn and the Contraindications section-in order to 
m-nimize:the risk of bleeding. = 


nosa pN 


12. 





intramuscular injections should. be avoided during 
urokinase therapy, as with heparin therapy, because 
of the high risk of hematoma formation. Bleeding may 
occur at sites of recent invasive procedures. Therefore, 
arterial punctures must be avoided betore as well as 
during treatment with urokinase. if arterial puncture 
is absolutely necessary, the radial or brachial artery 
should be used and the femoral artery must be avoided. 
Arterial puncture should be performed with great care 
by an experienced physician and pressure should be 
applied for at least 15 minutes. This should be followed 
by the application of a pressure dressing, and the punc- 
ture site should be checsed frequently tor evidence of 
bleeding. 

Venipunctures should: also be perfomed as carefully 
and infrequently as possible. If bleedirg from an inva- 
sive site occurs during urokinase infusion, but is not 
severe, treatment may be continued wth close clinical 
observation. Local pressure and o_her measures 
should be initiated immediately. 

Spontaneous internal bieeding that 5 not accessible 
for the application of pressure may also occur. The 
risk of spontaneous biesding is greate- in patients with 
pre-existing hemostatic abnormalities, includine pa- 
tients whose histories are suggestive of prior bleeding 
problems whether or not there are d2monstrable ab- 
normalities in platelet: count, prothrombin time, partial 
thromboplastin time, or bleeding time. The relative 
risks and benefits of urokinase treatment must becare- 
fully assessed in such patients before initiating 
treatment. 

Plasmin degrades fibrinogen, Factor V, Factor VIIl, 
and other proteins in addition to fib-in. The products 
of plasmin degradation of fibrinogen and fibrin 
(FDP/idp} possess an anticoaguiant effect which may 
make bleeding difficu:t to control. 

if serious spontaneous bleeding occurs, the infusion 
of urokinase should De terminated immediately, and 
treatment instituted as describec under Adverse 
Reactions. 


Risk of Cerebral Embolism 

Urokinase treatment of patients with atrial fibrillation 
or other conditions which predispose‘to cerebral 
embolism may be hazardous because of the risk of 
bleeding into the infarcted cerebral area. 


Use of Anticoagulants | 


Concurrent use of anticoagulants with urokinase may , 


be hazardous and is not recommended. Before be- 
ginning urokinase infusion in patients being treated 
with heparin, the effects of heparin: should be allowed 


to decrease, as evicenced by a thrombin time of less ` 


than twice normal or an activated partial thrombo- 


plastin time (APTT) of less than one and one-half times _ 


normal. Similarly, heparin should te withheld for four 


hours following urokinase therapy unless the pro- . 


thrombin time is in the normal range. 

Rethrombosis has been observed affer completion 
of urokinase treatment. In order to minimize this risk, 
administration of inzravenous heparin followed by oral 
anticoagulant therapy is considered a necessary 
adjunct following urokinase therady (see Dosage and 
Administration). 


Use in Pregnancy 
See Contraindications. 
Use in Children 


Safety and effecziveness of urokinase therapy ir 
children have not.been established; therefore, treat- 
ment of such patients is not recommended. 


Precautions - 
Drug interactions: 
Drugs that may dilter platelet function, è.g., aspirirz 
indomethacin, and phenylbutazone, should be avoided 


during urokinase treatment. The interaction cf 
BREOKINASE with other drugs has not been studiec. 


Laboratory Monitoring 


In patients who have received neparin, the thrombin 
time or APTT should be measured prior to starting 
urokinase. (See Warnings.) Sim larly, the prothromon 
time should be monitored during and following ura- 
kinase therapy prior to instituting heparin. (See Dosace 
and Administration.) During ufckinase administration 
the levels of fibrinogen, olasrrdnogen, Factor V, amc 
Factor Vili are usually substantially decreased, and the 
level of fibrin and fibrinogen degradation products 
(FDP/fdp) is increased. Reduced fibrinogen and n- 


Me a 


creased FDP/fdp result in € prolongation of tre 


prothrombin. time. Changes in these tests serve as 
confirmation of the existence of a lytic state. There 
are no data to‘indicate that alteration of dosage is 
required on the basis of these tests, although as a gen- 
eral rule the prothrombin time should not be allowed 
to increase above 30 seconds. 

Urokinase infusion should be ~erminated immediate’ y 
if serious bleeding occurs. 


Adverse Reactions a 


Careful observance of the corr raindications, warnings, 
and precautions to the use of urokinase is essential to 
minimize the incidence and severity of adverse effec: S. 

Bleeding 

incidence 
in controlied‘clinical triale of streptokinase and 
urokinase, severe bleeding (requiring a transfusicr of 





greater-than two units of blood) was seen in 4% of 
st-eptolinase patients and 6% of satients receiving 
usoxinase. Several facalit-es due to cerebral hemor- 
rhage have occurred curing urokinase therapy: 

pon’ aneous bleeding of a less severe degree has 
been opserved during urokinase weatment at about 
twice the frequency gs that occurring during heparin 
therapy Oozing of blood from sites of skin puncture 
is frequent; therefore. ail invasive procedures, espe- 
cally @terial punctures and intrarmuscular injections, . 
souldbe avoided and intravenous punctures kept toa.~ 
hiini before and Yuring treatrrent with urokinase. 

Amaerate decrease ir hematoc-it notaccompanied 
Eyclintally detectable bleeding wés observed in about 
ZC% offpatients treated with urokirase. 


Management of Severe Bleeding 


Jrokirase therapy must be discontinued if serious 
dizediag occurs. Packed red celis are indicated for 

a-ge blood loss. Plasma volume expanders (other than 
Dextren) may be used to replace tlood volume deficit. 
whole bloot may also be used if it alone is available. 
Tne use of aminocaprdic acid (ACA, AMICAR®) in 
hamas as an anticote for uroknase has not been 
docuriented, but its use may te considered if the 
themerrhage is unrasponsive to blood replacement 
(see Warnings). 


Allergic Reactions: 


Urokmase is a protein cf human Srigin, and in vitro as 
well as intradermal iests in humans gave no evidence 
of incuced antibodyformation. However. the possibility 
of sérious allergic reaStions (including anaphylaxis) 
occuring during its use cannot be excluded. There 
have been rare reports of relativaly mild allergic reac- 
tions, @.g., ne and skin rash. 


Fever: 


Feble episodes occurred in about 2-3% of urokinase sey 
treated patients. A czusal relaionship to urokinase} 
has sot been estab ished: Symptomatic treatment with 
acetaminophen rather that aspirin is usually sufficient. 


Dosage and Administration 
Preparation 


Reeonstitute each vial of Breokinase by aseptically 
adcing 8.0 mi of Sterile Water for Injection, U.S.P (It is 
important that only Sterile Water for Injection, U.S.P, 
without preservatves, be used. Bacteriostatic Water 
for injection or cther diluents should not be used.) 
Swrl gently to avoid foaming. Do Not Shake. Because 
Breokinase contans no preservatives, it should not be 
reconstituted unt] immediately before using. Any un- 
used ponion of the reconstituced material should be 
discarded. 

Each mi of reconstituted Breokinase contains 
31250 C TA. Unés of urokinase activity. 


Desing 
Brzokinase is Intended for Intravenous Infusion Only 


Urokinase treatment should be begun as soon as pos- 
sitie after the occurrence of pelmonary embolism, and 
ne later than five days after onset. A priming or loading 
dese of 2000 C.-A. Units/Ib (4400 C-T.A, Units/kg) of 
reconstituted Breokinase is given over a period of 
ten minutes. This is followed by a continuous infusion 
of 2000 C.T.A. Jnits/ib/hr (4400 C.T.A. Units/kg/hr) 
fer 12 hours. 

24 constant infusion pump independent of all other 
intravenous sysems should 5e used. Do not expose , 
reconstituted sciution to excessive heat, such as high À 
irtensity lights, during admin stration. 


Anticoagulation Following Breokinase Treatment 


At the end of Breokinase infusion, treatment witt 
Feparin by continuous intra~enous infusion followec 
&y oral anticoaculant therapy is recommended to mini- 
mize rethromb2sis. Heparir treatment should begin 
& hours after Sreokinase infusion, or sooner if the 
Brothrombin time has returred to normal. See marie 
facturer’s prescribing information for proper use cf 
heparin. 

How Supplied ` 

Breokinase is supplied as a sterile lyophilized preparé- 
zion. Each vial contains 250,000 C.T.A. Units cf 
arokinase actvity and aporoximately 0.9 millimo's 
sodium pnospnates. The vials should be stored at or 
below 4 
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\ ongeometric Determination of Left Ventricular Volumes From 
_ Equilibrium Blood Pool Scans 


This study assesses the utility of a scintigraphic, nongeometric technique ~~ 
for the determination of left ventricular volumes. Accordingly, gated blood: - 

pool scintigraphy and cineangiography were performed within a 24 hour 
period in 22 patients. Scintigraphic volume measurements were calculated 

from individual frames of a modified 35° left anterior oblique projection: 
using an algorithm designed to consider (1) the background-corrected __ 
left ventricular activity normalized for activity per milliliter of peripheral a 
venous blood; (2) total study time; (3) number of frames acquired per 
cardiac cycle; and (4) percent of the cardiac cycle acquired. Angiographic 2 
volumes were calculated by the area-length method and the Kennedy 


regression equation. There was an excellent correlation between scin- 
tigraphic and angiographic methods for all volume measurements grouped — 


together {r = 0.985, standard error of the estimate [SEE] = 14.6 mi) as 
well as for segregated end-diastolic volumes (r = 0.985, SEE = 16.2 ml) 
and end-systolic volumes (r = 0.988, SEE = 14.7 mi). Prospective testing 
of the independent ability of scintigraphy to estimate ventricular volumes = 
was provided for by studying an additional 13 patients, and good agree- 


ment was found between scintigraphic and angiographic determinations - 1] 
of left ventricular end-systolic and end-diastolic volumes. Thus, radio- 
nuclide techniques, which are independent of geometric assumptions, 


may be utilized for the quantitation of left ventricular volumes. 


The determination of absolute left ventricular volumes is a useful 
method in the evaluation of cardiac function.! Previous studies have 
demonstrated its value in predicting prognosis in patients with valvular 
heart disease” and in assessing the effects of various pharmacologic in- 
terventions on the left ventricle.*:4 Ideally, a method for the determi- 
nation of left ventricular volumes should be safe, relatively rapid, non- 
invasive and easily reproducible both at rest and during exercise. 

At present, there are several methods for the quantitation of left 
ventricular volumes; each entails the geometric analysis of assorted 
spatial measurements, including those obtained from cineangiography 
of the left ventricle," surgically implanted epicardial metallic mark- 
ers,°° echocardiographic area-length determinations’ and left ven- 
tricular outlines obtained from gated equilibrium blood pool scintigrams 
and first pass studies.1! Although widely utilized, contrast ventricu- 
lography is an invasive procedure that involves some risk, and multiple 
determinations of left ventricular volumes cannot be performed over 
a short period of time. Left ventricular volume determinations based © 
on the analysis of epicardial metallic markers implanted at the time of 
cardiac surgery are useful for postoperative studies of patients, but this’. 
method cannot be employed in patients who have not had surgery. The 


echocardiographic determination of left ventricular volumes is also : 
useful, but asymmetric wall motion abnormalities, especially prominent _ 


in patients with ischemic heart disease, preclude the use of single di- . 
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mension echocardiography for accurate determination 
of both left ventricular ejection fraction and end-systolic 
volumes.!? Although two dimensional echocardiography 
eliminates some of these problems, it also relies on 
geometric principles for the determination of left ven- 
tricular volumes, and satisfactory studies cannot be 
obtained in all patients. 

With the development of multigated equilibrium 
blood pool scintigraphy, a practical and noninvasive 
means of visualizing the heart has become available. 
Numerous studies have documented the utility and 
accuracy of dynamie scintigraphy in assessing left 
ventricular ejection fraction and in the qualitative or 
semiquantitative evaluation of regional left ventricular 
wall motion.!14 In addition, recent studies have dem- 
onstrated the value of gated blood pool imaging for the 
evaluation of left ventricular performance after myo- 
cardial infarction, the assessment of ventricular dys- 
function in patients with aortic regurgitation!® and the 
identification of ischemic heart disease.!’ Although it 
is possible to calculate left ventricular volumes from 
scintigraphic images utilizing the area-length geometric 
formula routinely applied in cineangiography, such 


2 determinations are hampered by the miniature display 


size used for most gated images, so that a small error in 
the measurement of area or length causes a substantial 
alteration in the calculated ventricular volumes. Scin- 
tigraphic images of cardiac blood pools have edges that 
are often indistinct, yet accurate detection of the ven- 
tricular boundaries is vital for reliable geometric volume 
determinations. Even when imaging quality is excellent, 
discerning the left ventricular boundary is difficult. The 
expansion of gated images to a size large enough to allow 
easier measurement of area and length results in a siz- 
able loss of resolution and further complicates accurate 
determination of the ventricular border. 

The purpose of the present study was to assess the 
utility of a nongeometric method for determining left 
ventricular volumes from the time-activity data ob- 
tained during gated equilibrium blood pool scintig- 
raphy. 


Methods 


Patients: Initially, gated equilibrium blood pool scintig- 
raphy and single plane leñ ventricular cineangiography (right 
anterior oblique projection) were performed in 22 patients 
within a 24 hour period for correlation of left ventricular 
volume determinations. The group comprised 12 men and 10 
women with a median age of 50 years (range 24 to 68). Indi- 
cations for cardiac catheterization included some sequelae of 
corenary artery disease in 15, valvular heart disease in 4 and 
congestive cardiomyopathy in 3. By subjective angiographic 
evaluation, 10 of the 22 patients had normal wall motion, 
whereas 6 demonstrated diffuse hypokinesia. The remaining 
six patients demonstrated segmental wall motion changes, 
four in either the anterolateral or anteroapical segments and 
two in the inferior wall segments. There was no change in the 
patients’ clinical condition or medication regimen between 
the scintigraphic and angiographic determinations of left 
ventricular volumes. 

Subsequently, 13 additional patients were evaluated pro- 
spectively to determine further the accuracy of the scinti- 
graphic estimation of ventricular volumes when angiograms 





and scintigrams are obtained within a short time of one an- 
other. 

Technique for angiographic left ventricular volume 
determination: Cardiac catheerization was performed uti- 
lizing either the Sones!” or Judains”° technique. Single plane 
right anterior eblique ventriculograms were obtained at the 
start of each catheterization and subsequently analyzed to 
allow calculation of left ventricular ejection fraction and ab- 
solute.ventricular volumes. Angiographic volumes were de- 
termined by the area-length method and the Kennedy re- 
gression equation.” a 

Technique for multigated equilibrium blood pool 
scintigraphy: In vivo labeling of red blood cells was accom- 
plished by the administration of unlabeled stannous pyro- 
phosphate (Pyrolite, New Eng-and Nuclear) before admin- 
istration of 30 mCi of technetium-99m sodium pertechnetate, 
as previously described.°48 Data collection was performed 
with a standard gamma scintillation camera (Ohio Nuclear 
Series 100) equipped with an al-purpose parallel hole colli- 
mator and interfaced with.a decicated on-line computer sys- 
tem (Ohio Nuclear YIP 450). Equilibrium gated blood pool 
scintigrams were obtained in multiple projections including 
a 35° left anterior ob:ique projection modified to include a 15° 
caudad angulation ef the collimator surface. Although this 
projection frequently separates the right from the left ven- 
tricle, the angle of obliquity was always readjusted to allow 
the clearest separation between the ventricles while mini- 
mizing the interventricular septal thickness. All studies were 
gated for 28 frames per cardiac cycle and collected for a pre- 
selected percent. (90 to 100 percent) of the cardiac cycle. Before 
imaging in the modified 35° left anterior oblique projection, 
an anterior imaging projection was acquired to an average 
count density of 175 counts per pixel over the left ventricle. 
This typically required 5 to 8 minutes and resulted in ap- 
proximately 250,00€ counts per frame of the study. The 
imaging time of the anterior projection was utilized as a guide 
to program image acquisition of the modified 35° left anterior 
oblique view to eccur for a time period long enough to ensure 
adequate data collection. All data were stored on magnetic 
tape for subsequent analysis. , 

Rationale ard equation for the calculation of scinti- 
graphic left ventricular volames: Several concepts are 
fundamental to the extraction of quantitative data from 
equilibrium bloed peol images. If an intravenously injected 
radioactive tracer is uniformly distributed throughout and 
confined to the vascular space, then the spatial distribution 
of absolute tracer is identical to that of the blood. The radio- 
activity per unit volume of tissue is then proportional to the 
volume of blood contained within that volume of tissue. Ex- 
ternal monitoring of the changing spatial distribution of ra- 
disactivity within the cardiac blcod pool is then analogous to 
visualizing the deformations of the blood within the cardiac 
chambers. Changes in regional radioactivity are then pro- 
portional to changes in regional blood volume. 

Bidimensional gamma scintillation camera recordings of 
the tridimensional radioactivity within the cardiac blood 
pool produce single plane projections of the central vascular 
enatomy. The density (or recorced activity) of each picture 
element (pixel) in the resulting image matrix represents the 
activity of the blood contained within the volume defined by 
the projection of the pixel area through the patient. If photons 
criginating from any region of this volume were detected with 
equal sensitivity, then the number of detected counts per pixel 
would be proportional to the total blood volume within the 
pixel projection. If the detectable radioactivity originating 
from the left ventricle could be isolated from radioactivity 
criginating from other major vascular structures by suitable 
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selection of projection angle, then the total activity of those 
pixels constituting the left ventricular silhouette should be 
-proportional to left ventricular blood volume. Absolute ven- 
tricular volume could then be obtained by normalization of 
left ventricular activity for the activity of peripheral venous 
blood. 
Practical implementation of such an analysis is compli- 
cated by-several factors. A significant portion of the total 
activity detected by the left ventricular pixels is contributed 
by nonventricular, or background, activity. Photons origi- 
nating from periventricular structures may undergo Compton 
-> tissue interaction and be scattered into the left ventricular 
_ silhouette. Vascular activity in the chest wall interposed be- 
. tween the ventricle and the detector undoubtedly contributes 
to apparent left ventricular activity. For our analysis to be 
effective, total left ventricular activity must be corrected for 
this nonventricular component. A reasonable estimation of 
background activity may be obtained from an analysis of 
periventricular pixels chosen so as not to overlie another major 
vascular structure. The difficulty lies in the consistency and 
reproducibility of such an analysis. This is underscored by the 
-following example: Suppose a study is acquired in a zoom 
»-mode so that the left ventricle occupies a 32 X 32 segment of 
a 64 X 64 matrix. A change in calculated background activity 
of only 5 counts/pixel would alter left ventricular activity by 
= some 20,000 counts. Reproducible background determination 
is therefore imperative. 
_ = Amore complicated problem is that of attenuation. At- 
_) tenuation-refers to the partial absorption of photons traveling 
through the body. Attenuation is dependent on several factors, 
ineluding photon energy and the thickness and specific gravity 
of tissue. For the 140 keV photons of technetium-99m, more 
~ than 85 percent are transmitted through 2 cm of water but less 
than 35 percent can penetrate 10-em of water.?! This would 
“seem to compromise severely our analysis because photons 
in the regions of the ventricle more distant from the detector 
will have a reduced probability of detection compared with 
that of photons originating in regions closer to the detector. 
Correction for such attenuation is extremely difficult because 
the correction is dependent not-only on actual measurements 
in the patient of attenuation, but also on a geometric analysis 
of left. ventricular shape. One approach might be to ignore 
attenuation factors completely. There is actually some justi- 
ication for this approach because left ventricular time-activity 
curves and left ventricular volume curves in the same patient 
e virtually superimposable. 
— — Calculation of left ventricular volumes then requires only 
_. the determination of background-corrected left ventricular 
activity normalized for the activity. of peripheral venous 
blood. ‘The equation for calculation of left ventricular volume 
then simply: 





































~~ Volume (ml) = 
Background-corrected ventricular activity (counts/s) 
Peripheral blood activity (counts/s/ml) 





XA, 


where A is an attenuation factor that may be complex. Pe- 
ripheral blood activity is obtained by counting a known vol- 
ume of peripheral venous blood under conditions of similar 
detector geometry and correcting for isotope decay to reflect 
the actual blood activity during the image acquisition. Ven- 
il tricular activity is further defined as follows: 





Ventricular activity (counts/s) = 


Left ventricular counts at 
end-systole or end-diastole — Background counts 


“Total acquisition time (s)/Individual frame 





rd February 1980 The American Journal of CARDIOLOGY Volume 45 


~ NONGEOMETRIC VENTRICULAR VOLUME DETERMINATION—DEHMER ET AL. 





Total acquisition time per individual frame of the study 
{T frame) is equal to: 
Percent of cardiac cycle acquired 
x (total study time — “off time”) 
Number of frames per cardiac cycle, 





Thrame = 


where “off time” refers to that segment of the study during 
which no data are acquired (input halted because of variations 
in R-R intervals or arrhythmia). In short this can be expressed 
as: 


Percent of cycle 


Pe aan anmemeneetateemaaea” — Tar. 
Number of frames r 


T'frame = (Trotat 
If the heart rate is perfectly regular and image acquisition 
continuous, Tyg equals zero. Because this is the exception 
rather than the rule, Toe must be determined in some fashion. 
The computer system utilized for this study allows the ac- 
quisition of an image for any specified time interval. Should 
an interruption of image acquisition occur, the computer au- 
tomatically compensates by lengthening the specified ac- 
quisition time interval by a time equal to the “off time.” 
Hence, in the system used for this study, Tyr always equaled 
zero. Thus, 


Percent of cycle i 
Number of frames 





n = 
r frame ~ total- 


Therefore, in final form the equation for the calculation 
of scintigraphic volumes is: 
Volume (ml) = 


Left ventricular counts — Background counts 





Percent of cycle g 
Number of frames 





Peripheral blood activity X e ^ ms 


where e~*t is the general equation for isotope decay, À = 
0.693/T 2, t = time (in minutes) from counting the peripheral 
blood sample to the midpoint of the gated study, and T? for 
technetium-99m is 360 minutes. It should be emphasized that 
differences in heart rates between individual subjects are 
accounted for by these calculations. 

Technique of scintigraphic left ventricular volume 
determination: Left ventricular volumes were determined 
from the isolated end-diastolic and end-systolic frames of the 
study. The location of these frames in the gated sequence was 
determined by the generation of a left ventricular time-ac- 
tivity curve for the 28 frames of the study. The end-diastolic 
frame was that associated with the peak of the curve, and the 
end-systolic frame was that associated with the nadir of the 
curve. Once isolated, these frames were digitally filtered with 
a nine point weighted smoothing routine. In order to deter- 
mine the background activity the end-diastolic frame was 
utilized to generate horizontal count profiles (counts per pixel 
versus distance) at three levels through the left ventricular 
cavity (Fig. 1). Each curve typically manifests two peaks, 
representing the maximal right and left ventricular activity, 
separated by a valley indicative of diminished activity in the 
region of the interventricular septum. A plateau in the count 
profile curve is noted in the area immediately adjacent to the 
left ventricular free wall. These curves can be sampled to de- 
termine the number of counts per pixel at any point along the 
curve. For each of the three curves the count values at the 
points where the plateau portions intersected with the adja- 
cent regions reflecting diminishing activity at the ventricular 
borders were averaged to obtain the background activity. In 
the occasional curve that did not exhibit an abrupt change in 
this region, a count value representing the average between 
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FIGURE 1. End-diastolic image with horizontal count profile curves. 
Curves are constructed through the high, mid and low portion of the area 
of left ventricular activity. These curves can then be sampled to de- 
termine the number of counts per pixel at any point along the curve. 
In general, the count value at the point where the plateau portion in- 
tersected with the portion reflecting diminishing activity at the ventricular 
border was used as the value for the background activity. An arrow 
indicates where background was chosen. 





FIGURE 2. Outline construction for a left ventricular region of interest. 
The outline bisects the plane of the interventricular septum and is 
constructed to include all activity along the left ventricular free wall. 
The background has been subtracted in this representative figure. 


the plateau value and a value clearly within the ventricle was 
used for the background activity. Each of the three curves was 
sampled in order to arrive at an activity value that adequately 
represented the activity in the area immediately adjacent to 
the left ventricular free wall. The background activity sub- 
sequently was subtracted from the end-diastolic and end- 
systolic frames. 

The left ventricular cavity was outlined and a region of 
interest constructed over the left ventricle (Fig. 2). Careful 
attention was given to constructing the region of interest so 
that left atrial activity was excluded if left ventricular and left 
atrial activity were clearly separated. If the mitral valve plane 
was not clearly delineated, the valve plane was assumed to be 
perpendicular to the plane of the interventricular septum, 
originating at the uppermost definable point of the septum. 
The septal border of the left ventricle was constructed so as 
to course down the middle of the area of diminished activity 
representing the interventricular septum. The region of in- 
terest was completed so as to include all left ventricular ac- 
tivity (Fig. 3). The end-systolic region of interest was con- 
structed in the same fashion and its activity was computed. 
This process was repeated and the average number of counts 
for the two determinations was used in the calculation of 
scintigraphic left ventricular volumes. 

The activity of a peripheral venous blood sample was de- 
termined after a minimum of 10 minutes was allowed for in 
vivo red cell binding and equilibration within the blood pool. 
A 3 cc sample of blood was then withdrawn in a standard 
Stylex syringe and counted with the gamma camera. Care was 
taken in the choice of a venipuncture site so that it was ana- 
tomically isolated from the site of either pyrophosphate or 
isotope administration. We routinely used a vein in the right 
antecubital fossa for administration of pyrophosphate and 
isotope and a vein in the left antecubital fossa for venous 





FIGURE 3. Completed left ventricular region of interest. The mitral valve 
plane has been constructed to lie perpendicular to the plane of the in- 
terventricular septum originating at the uppermost definable portion 
of the septum. 
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sampling. The venous blood samples were counted in a con- 
sistent fashion using a holder designed to insure placement 
of the syringe at a constant distance of 5.08 cm from the sur- 
face of the collimator and in the center of the field of view. The 
blood in the syringe was counted twice, each period of counting 
being 2 minutes in length. The activity of the blood sample 
was determined by the construction of a region of interest over 
the image produced by the syringe and by the subsequent 
determination of the number of counts within the region of 
interest. The average of these two determinations was used 
in the equation to calculate left ventricular volumes. 

Correction of the left ventricular activity determined for 
radioactive decay during the study period is necessary be- 
cause the half-life of technetium-99m pertechnetate is rela- 
tively short (approximately 6 hours) and because combination 
resting and exercise examinations may require approximately 
2 hours to complete. As part of the routine protocol, a stop- 
watch was started at the time of isotope administration and 
an accurate record of time intervals between the various 
phases of the study was kept. For calculation of the amount 
of isotope decay, the time period from the midpoint of the 
syringe blood-counting period to the midpoint of the gated 
acquisition period was used. Decay was calculated using the 
standard equation: 


pe /2 
R= Roe 0.693t/T! 2 


where R; is the activity at any time (t), Ro is the activity of the 
sample at time zero and T!/? is the half-life of the isotope 
administered. 
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Total acquisition time of the study was chosen so as to 
ensure at least 250,000 counts per frame of the gated study. 
Accurate determination of the acquisition time period was 
provided by programming the computer to acquire the gated 
study for that preselected period of time. The intrinsic timing 
module of the computer allowed for automatic correction of 
any disruption of the imaging period due to cardiac arrhyth- 
mias. In a similar fashion, the acquisition phase was preset to 
run for a specified number of frames per cardiac cycle (28 
frames/cycle) and a percent of the cardiac cycle (90 to 100 
percent), thus ensuring uniformity in these variables. 

Scintigraphic left ventricular volumes were calculated 
utilizing these six variables and using the final equation de- 
scribed earlier. In addition to the scintigraphic variables, body 
surface area and chest circumference and diameter (both 
measured in the fifth intercostal space) were determined in 
20 patients to ascertain whether there was any predictable 
attenuation factor relating body to chest size to scintigraphic 
volume determinations. 


Results 


Angiographic volume determinations: Angio- 
graphic and scintigraphic volume determinations along 
with patient data are presented in Table I. The angio- 
graphic data were analyzed independently by two in- 
vestigators and the average of their two determinations 
was used for volume correlation with the scintigraphic 
data. The left ventricular angiographic end-diastolic 


End-Systolic LV Ejection Chest 
Volumes Fraction 
Circum- Diam- 
Scinti- Angio- Scinti- Angio- BSA ference eter 
graphic graphic graphic graphic (m°) (cm) (cm) 
5 33 0.68 0.65 1.7 99 18 
1 14 0.92 0.86 1.8 104 18 
5 33 0.74 0.63 A? 86 17 
29 118 0.37 0.36 1.9 89 22 
31 163 0.35 0.35 1.6 80 20 
45 240 0.15 0.21 1.8 90 21 
14 71 0.61 0.57 1.7 81 19 
20 115 0.41 0.39 1.4 81 20 
17 106 0.32 0.31 1.6 97 23 
6 55 0.67 0.52 2.0 94 20 
17 85 0.39 0.38 1.9 99 18 
10 60 0.64 0.60 2.1 100 29 
8 55 0.67 0.56 t7 109 20 
51 267 0.21 0.16 23) 98 20 
99 660 0.20 0.14 2.3 108 30 
11 70 0.59 0.57 17 89 20 
4 17 0.82 0.84 2.1 104 24 
32 184 0.25 0.27 2.2 108 22 
5 24 0.78 0.80 2.0 103 25 
12 76 0.62 0.58 2.0 99 24 
T 25 0.73 0.79 1.9 — — 
3 19 0.81 0.78 1.9 — — 
19.6 113.1 0.54 0.52 
+21.91 +137.92 +0.23 +0.22 


TABLE | 
Scintigraphic and Angiographic Volume Measurements in 22 Patients* 
End-Diastolic 
Age Volumes 
(yr) 
& Indication for Scinti- Angio- 
Case Sex Catherization graphic graphic 
1 53,F Unstable angina 17 96 
2 67,F Mitral regurgitation, 17 101 
possible IHSS 
3 42,F Mitral valve prolapse 20 89 
4 53,M_ Chest pain after 46 185 
infarction 
5 68,F Unstable angina 48 254 
6 63,F Increasing angina, 53 306 
LV aneurysm 
7 24,M Pulmonic stenosis and 36 165 
insufficiency 
8 65,F Aortic regurgitation 37 188 
9 49,.M Cardiomyopathy 25 153 
10 31,F Mitral stenosis 20 115 
11 53,M_ Chest pain after 28 136 
infarction 
12 36,M_ Angina pectoris 29 152 
13 50,F Unstable angina 23 127 
14 35,M Cardiomyopathy 64 320 
15 41,M Cardiomyopathy 124 768 
16 51,F Unstable angina after 28 162 
CABG 
17 26,M_ Aortic stenosis 21 106 
18 49,M_ Unstable angina after 43 254 
CABG 
19 57,M_ Unstable angina 24 124 
20 34,M Chest pain, syncope 33 180 
21 61,F Increasing chest pain 19 121 
22 68,M Chest pain after CABG 17 85 
Means 35.1 190.3 
+ SD +23.18 +142.41 


* Scintigraphic and angiographic volumes are presented as the average of two determinations. All angiographic volume measurements are 
in milliliters; scintigraphic volumes are calculated using the formulas described in the Methods section. 
BSA = body surface area; CABG = coronary arterial bypass graft surgery; IHSS = idiopathic hypertrophic subaortic stenosis; LV = left ventricular; 


SD = standard deviation; — = not measured. 
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FIGURE 4. Relation between scintigraphic (SV) and angiographic (AV) 
end-diastolic volumes (EDVS) in milliliters (ML). 


volumes ranged from 85 to 768 ml and the left ventric- 
ular angiographic end-systolic volumes from 13.5 to 660 
ml. The overall interobserver variation in determina- 
tions of angiographic volume was 8.2 percent. The in- 
terobserver variation was 9.7 percent for end-systolic 
volume and 6.8 percent for end-diastolic volume. 
Scintigraphic volume determinations: The anal- 
ysis of scintigraphic data was performed independently 
by two investigators, and the average of their two de- 
terminations was used for correlation with angiographic 
volume data. The left ventricular scintigraphic volumes 
ranged from 16.6 to 123.6 ml at end-diastole and from 
1.4 to 99.1 ml at end-systole. The overall interobserver 
variation in the scintigraphic volume measurements was 


TABLE tl 

Comparison of Scintigraphic and Angiographic 
‘Estimates of Ventricular Volumes in 13 Additional 
Prospectively Studied Patients 





Scintigraphic* Estimate Angiographic Estimate 








Gase EDV/ESV EF EDV/ESV EF 
1 134/52 0.65 94/38 0.60 
2 248/182 0.27 238/160 0.33 
3 412/55 0.54 166/67 0.60 
4 91/21 0.83 85/19 0.77 
5 140/44 0.72 170/67 0.61 
6 127/44 0.69 135.57 0.58 
7 410/27 0.81 141/52 0.63 
8 173/71 0.61 179/101 0.44 
9 84/28 0.72 102/51 0.56 

10. 110/42 0.66 140/51 0.64 

11 585/320 0.46 404/277 0.30 

:42 148/54 0.66 104/41 0.60 

13 226/170 0.26 244/144 0.40 

Means 176.0 0.61 169.2 0.54 
SD +1432.2/ +0.18 +85.88/ +0.14 

85.4 86.5 
+87.05 +70.43 





* Scintigraphic volurses were calculated using the formulas de- 
scribed in the Methods section and are presented as the values obtained 
atter substitution into the derived regression equations. 

EDV = left ventricular end-diastolic volume; EF = left ventricular 
eiection-fraction; ESV = left ventricular end-systolic volume; SD = 
standard deviation. 
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FIGURE 5. Relation between scintigraphic (SVyand angiographic (AV} 
end-systolic volumes (EDVS).in milliliters (ML). 


7.5 percent. The interobserver variation for end-dia- ` 
stolic volume was 6.3 percent and that for end-systolic 
volume, 8.7 percent. 

Correlation of the two methods: The scinti- 
graphically estimated left ventricular volumes were 
consistently lower than those determined with angiog- 
raphy because of the attenuation encountered between 
the left ventricular cavity and the detector surface. 
However, no predictable attenuation factor could be 
determined by relating the measurement of body sur- 
face area, chest circumference or chest diameter to the 
scintigraphic volumes. 

Nevertheless, there was an excellent correlation be- 
tween the angiographic volume measurements (AV) and 
the scintigraphic volume (SV) measurements. For left 
ventricular end-diastolic volumes the relation, shown 
in Figure 4, was AV = 6.08 (SV) — 23.3 ml (r = 0.985, 
SEE = 16.2 ml, p <0.01). 

For left ventricular end-systolic volumes, the relation, 
shown in Figure 5, was AV = 6.24 (SV) — 10.13 ml (r = 
0.988, SEE = 14.7 ml, p <0.01). 

Prospectively evaluated group: We have more re- 
cently evaluated 13 additional patients in whom sepa- 
rate scintigraphic and angiographic measurements of 
ventricular volumes were obtained using similar 
methods within several days of one another (Table ID). 
There was generally good agreement between the vol- 
ume measurements obtained with both techniques. 
End-diastolic volumes correlated with one another at 
r = 0.94, and end-systolic volumes at r = 0.98: all vol- 
umes taken together also correlated well (r = 0.95). 


Discussion 


The present study demonstrates that time-activity 
data derived from equilibrium gated blood pool imaging 
may be utilized to estimate left ventricular end-diastolic 
and end-systolic volumes in patients with various types 
of cardiovascular diseases. These scintigraphic volume 
determinations are independent of currently used 









geometric assumptions regarding the shape of the left 
ventricular cavity. Geometric volume determinations, 
whether from cineangiographic or scintigraphic sil- 
houettes, assume that the left ventricle is shaped like 

< an ellipsoid; therefore, there may be substantial error 
© at the extremes of left ventricular size or with unusual 


>- ventricular configurations. 

_.. Reliability of method: The ability to estimate left 
_ ventricular volumes scintigraphically depends on the 
-Quantitation of several variables. First, care must be 


taken to measure the number of radioactive events 
within the left ventricular cavity as well as within a ve- 
nous blood sample of known volume. Second, attention 
must be paid to a consistent. method of background 
activity subtraction and to the correction of left ven- 
tricular activity for the decay of radioisotope that occurs 
between the counting of the venous blood sample and 
the imaging of the left ventricle. The method we have 
used for background subtraction is empirically derived, 
but we believe that it is more suitable than a simple 


determination of background activity at a randomly 


chosen region lateral to the left ventricle. Third, one 
must measure accurately the total acquisition time of 
the study and correct this for any interruptions caused 
_.. by arrhythmias. Lastly, one must have knowledge of the 
_. number of frames over which the R-R interval was gated 


- as well as the percent of the R-R interval that was gated. 
- Background activity can be determined in a consistent 


“manner by generating a horizontal count profile of the 
number of counts per pixel in several slices taken at 
various levels through the left ventricular cavity. Sim- 
ilarly, the construction of a region of interest for the 
determination of the total amount of left ventricular 
activity must be done in a consistent fashion. The ex- 
cellent correlation between the scintigraphic and an- 
giographic volume measurements in this study was 
obtained only after strict criteria were adhered to for the 
determination of left ventricular and background ae- 
tivity. Inconsistency in the measurement of these two 
-wariables will cause substantial errors in estimation of 
_ absolute left ventricular volume by the scintigraphic 


method. By paying careful attention to these details of 


: _ scintigraphic analysis, we obtained excellent correla- 
-i tions between the cineangiographie and scintigraphic 


measurements of end-diastolic and end-systolic vol- 
< oumes 


It is surprising that there was no substantial increase 
in attenuation at larger ventricular volumes. Theoret- 
ically, this effect would be predicted. Further modeling 
experiments are necessary to clarify this discrepancy. 
One possible explanation may be that the total atten- 
uation (of chest wall and lungs, for example) is of such 
magnitude that any change in attenuation due to 
changes in ventricular size is insignificant. Presumably, 

atteruation by soft tissues explains the considerably 
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lower scintigraphic than angiographic estimates of 
ventricular volumes. 

The comparison of the scintigraphic and angiographic 
left ventricular volume determinations yielded regres- 
sion formulas for the estimation of actual left ventric- 
ular volumes from the scintigraphic volume measure- 
ments. These relations have been compared separately 
for end-diastolic and end-systolic left ventricular vol- 
umes. There is.an excellent correlation for each group, 
and the standard error of estimation for each correlation 
falls within an acceptable range. 

Clinical applications: The ability to measure left 
ventricular volumes using noninvasive scintigraphic 
techniques without the need for geometric assumptions 
is of potential importance. Quantitation of left ven- 
tricular volumes, and in particular left ventricular 


end-systolic volume, can be used to estimate global. = 


contractility,” to predict prognosis in patients with 
hemodynamically important valvular heart disease?" 
and to assess the influence of various physiologic and 
pharmacologie interventions on left ventricular func- 
tion.!? Furthermore, these measurements can be used 
in patients with ischemic and valvular heart disease to 
characterize serially left ventricular function both at 
rest and during exercise. 

Although data provided by others*4,25 appear to be 
in agreement with those described in this report, there 
is continued need to correlate scintigraphic and angio- 
graphic measurements of left ventricular volumes in 
larger numbers of patients with various cardiac abnor- 
malities. In addition, the further development of a 
computer-assisted, accurate, highly consistent method 
of left ventricular edge detection, valve plane definition 
and background activity determination will make 
scintigraphic time-activity volume determinations less 
vulnerable to operator-induced errors. If the relations 
shown in the present study and in the studies by Slutsky 
et al.2425 can be substantiated by additional studies in 
larger numbers of patients, this approach will be very 
useful. This imaging approach requires no additional 
equipment or time above that already necessary for 
gated blood pool imaging. Further, this technique is 
relatively noninvasive, is easily repeatable both at rest 
and during exercise and can be performed in essentially 
all patients who require clinical cardiovascular evalu- 
ation. 
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\rtery Using Apical Cross-Sectional Echocardiography 


Patients undergoing coronary arteriography were studied to evaluate the 
feasibility of use of cross-sectional echocardiography to-detect the left 
main coronary artery. Visualization of the left main coronary artery from. 
the cardiac apex was attempted using a cranial transducer angulation. _ 
With this approach, the left main coronary artery was adequately visu- 
alized in 27 of 35 consecutive patients (77 percent) who were prospec- 


tively evaluated; in 12 of the 27 the bifurcation was clearly seen. In 26 
of the 27 patients cross-sectional echocardiography correctly assessed __ 
the patency of the left main coronary artery as judged with coronary an- __ 
giography. One patient had a false positive echocardiographic study; there _ 


were no false negative studies. A comparison of the short axis versu 
apical cross-sectional techniques in another group of 30 patients revealed 


the superiority of the apical approach in visualization of the left main 


coronary artery and its bifurcation; combined use of both techniques ake 
lowed for a 93 percent (rate of) success. Thus, apical cross-sectional _ 
echocardiography permits visualization of the left main coronary artery —— 
and its bifurcation and, therefore, has the potential for detecting left main - 

coronary obstructive lesions. 


Obstructive atherosclerotic disease of the left main coronary artery has. 
an ominous natural history with a high yearly mortality rate. Clinicians 

strive to detect its presence in symptomatic patients to determine the 
need for coronary angiography and possible bypass graft surgery ttoo 
Unfortunately, the clinical history, findings on physical examination _ 
and the results of exercise stress tests when compared with coronary 
angiographic data are not specific for the presence of left. main coronary 
artery disease. Weyman et al.!* described the use of cross-sectional 
echocardiography to visualize the left main coronary artery, but no- 
further reports have appeared on the potential applicability of their 
technique to clinical use. In this study we describe a new approach to 
visualize the left main coronary artery using the modified apical or four 
chamber view on phased array cross-sectional echocardiography. 


Methods 


Study Group 


The study consisted of three separate investigations of nonoverlapping pa- 
tients identified as Groups A, B and C. 

Group A: The 15 patients in this group were subjected to cross-sectional 
echocardiography after coronary angiography was performed to define coronary 
arterial anatomy. All 15 patients had coronary arterial obstruction, and 3 dem- 
onstrated more than a 75 percent transluminal obstruction of the left main 
coronary artery. In one patient in this group, cross-sectional echocardiography 
was performed at the time of coronary angiography to visualize the tip of a 
Judkins coronary catheter as it moved from the root of the aorta into the ostium 
of the left main coronary artery. 

Group B: Thirty-five consecutive patients referred for cardiac catheterization 
were prospectively evaluated with cross-sectional echocardiography immediately. © 
before the catheterization study. Echocardiographic studies were interpreted 
without knowledge of the clinical, laboratory or electrocardiographic data or 
the results of cardiac catheterization in order to avoid observer bias. In this group, 
there were 28 men and 7 women aged 38 to 73 years. Left main coronary artery 
disease was considered present when there was a 50 percent or greater decrease 
in luminal diameter. 
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FIGURE 1. Schematic drawing of the heart depicting the aorta (AO), 
pulmonary artery (PA) and left main coronary artery (LM). Both the apical 
(Apex) and the short axis view at the left sternal border (LSB) are shown. 


Group C: Thirty patients were evaluated prospectively 
using the short axis cross-sectional echocardiographic tech- 
nique of left main coronary arterial visualization of Weymen 
et al.1°? as well as the apical approach to compare the technical 
feasibility and results of these two techniques. The echocar- 
diographic evaluation was performed before cardiac cathe- 
terization. 


Cross-Sectional Echocardiographic Techniques 


Cross-sectional echocardiography was performed using a 
commercially available real time, phased array imaging sys- 
tem! (Varian V-300 Ultrasonograph or Toshiba SSH-11A). 
The transducers contained 32 precisely mounted piezoelectric 





FIGURE 3. Representative cross-sectional echocardiogram of a patient 
with a normal left main coronary artery. The white arrow identifies the 
ostium of the left main coronary artery (LM) and the location of the aorta 
(AO), pulmonary artery (PA) and left ventricle (LV). 
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FIGURE 2. Diagrammatic illustration of the transected heart as seen 
from the apical view. The right ventricle (RV), left ventricle (LV), tricuspid 
valve (TV), mitral valve (MV), right atrium (RA), and left atrium (LA) are 
shown. Panel 1 corresponds to the beam 1 tomographic view from 
Figure 1. Panel 2 represents an anterior projection from the apical view 
demonstrated in beam 2 of Figure 1. In this view the interventricular 
septum (IVS), aortic valve (AV), aorta (AO), pulmonary artery (PA) and 
left main coronary artery (LM) are shown. 


crystals in a tight linear array operating at a 2.25 (Varian) or 
2.4 (Toshiba) megahertz frequency. The ultrasonic beam was 
electronically swept through ar angle of 84° or 78°, producing 
a fan-shaped cross-sectional image. The image was displayed 
in real time at a rate of 30 frames/s, and permanently recorded 
on a 1 inch (2.54 cm) video cassette (International Video 
Corporation IVC-XV 815/816 or Victor CR6060). The stored 
image was subsequently reviewed in real time slow motion or 
frame by frame presentation. Individual frames of the vid- 
eotape recording were photographed using a Polaroid" 
camera. 

Echocardiographic studies were performed with the patient 
in the left lateral position with the transducer positioned at 
the cardiac apex for visualizing the apical view of the heart, 
according to the technique described by Schiller and Silver- 
man! (Fig. 1, beam 1). After the standard four chamber view 
(Fig. 2, panel 1), in which both the ventricles and atria are 
imaged along with their respective atrioventricular valves, was 
obtained, the transducer was angled slightly anterior to 
visualize the left ventricular cutflow tract, aorta and pulmo- 
nary artery (Fig. 2, panel 2 and Fig. 1, apex, beam 2). The 
transducer was then rotated elockwise to bring the echocar- 
diographic beam parallel to the course of the left main coro- 
nary artery. Careful control of the gain, rejection and contrast 
controls were essential in detection of the left main coronary 
artery. 

In Group C, the transducer was then rotated to the standard 
echocardiographie window along the left sternal border and 
a short axis cut of the heart at the level of the great vessels and 
left main coronary artery (Fig. 1, LSB) was obtained. The left 
main coronary artery was imaged using the technique of 
Weyman et al. 1° 


Results 


Normal coronary arteries: Figure 3 illustrates a 
representative cross-sectional echocardiogram dem- 
onstrating the left main coronary artery as detected with 
the apical approach. The lumen of this artery appears 
as two parallel bands of echoes enbracing an echo-free 
space. The ostium of the left main coronary artery must 
be shown to be contiguous with the root of the aorta. In 
Figure 3 the left main coronary artery was measured to 
be 1.0 cm in length. 

Left main coronary artery disease: Group A: The 
three patients with left main coronary arterial ob- 
struction on cineangiography had their obstruction 
identified in the apical view of the cross-sectional 
echocardiogram as a disruption of the continuous 
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FIGURE 4. A, coronary arteriogram demonstrating a high grade obstruction in the left main coronary artery at the tip of the white arrow. B, same 
patient. Cross-sectional echocardiogram taken from the apex in which the aorta (AO) and left ventricle (LV) are seen. The left main coronary artery 
(LM) is seen arising from the aorta. The ostium is identified by the tip of the white arrow. The black arrow demonstrates an apparent break in the 
continuous echo free space of the left main lumen. In panel C, the transducer is angulated slightly clockwise and the lumen appears narrowed at 
the tip of the black arrow rather than 100 percent obstructed. The bifurcation point is seen distal to this point. 


echo-free space. Coronary arteriograms and cross-sec- 
tional echocardiograms from one such patient are 
demonstrated in Figure 4. Figure 4, panel A demon- 
strates a high grade obstructing lesion in the left main 
coronary artery approximately 1 cm from its origin. 
Panel B shows an apparent total obstruction of the ar- 
tery as visualized on apical cross-sectional echocardi- 
ography. In panel C (from the same patient), the 
transducer is angled slightly more clockwise so that the 
bifurcation point can be identified and the lumen ap- 
pears to be definitely narrowed but not totally ob- 
structed. Thus, proper angulation of the transducer is 
required to identify the left main coronary artery so that 
actual clear luminal integrity can be seen. 

A potential source of false positive echocardio- 
graphic left main luminal obstruction is demonstrated 
in Figure 5. This echocardiogram was obtained from a 
patient with a normal left main coronary artery. The left 
panel demonstrates a possible break in the continuous 
echo-free space of the left main coronary lumen (black 
arrow). The right panel was obtained with the trans- 
ducer angulation altered slightly so that the bifurcation 
point (small white arrow) and the lumen can be more 
clearly seen. No luminal irregularity is seen in this 
echocardiographic image of the left main coronary ar- 
tery, which was more properly obtained. 

Prospective identification of left main coronary 
artery disease: Group B: Twenty-seven of the 35 pa- 

‘tients studied prospectively and consecutively with 
cross-sectional echocardiography had adequate visu- 
alization of the left main coronary artery. This artery 
was not visualized in eight patients. In six of the eight, 
technical limitations due to chest wall deformity made 
it impossible to obtain an adequate apical view; in two 
patients interference by intense echocardiographic re- 


flections from a calcified aortic valve and aortic root 
prohibited the evaluation of the left main coronary ar- 
tery. In 12 of the remaining 27 patients, the bifurcation 
point could clearly be seen. 

Twenty-three of the 27 left main coronary arteries 
visualized on cross-sectional echocardiography were 
judged normal on this study and on coronary angiog- 
raphy. In the four patients considered to have an ab- 
normal left main coronary artery on cross-sectional 
echocardiography, angiography revealed obstruction 
of this artery in two, an abnormally short or cloacal left 
main coronary artery with a high grade obstruction of 
the proximal left anterior descending coronary artery 





FIGURE 5. Cross-sectional echocardiogram taken from the apex in 
which the left ventricle (LV), aorta (AO), interventricular septum (IVS) 
and left main coronary artery (LM) are identified. The black arrow in 
the left panel demonstrates an apparent break in the left main luminal 
free space (arrow). However, with careful angulation as shown in the 
right panel the left main lumen appears to be patent and the white arrow 
identifies the bifurcation point. 
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in one and a normal left main coronary artery in one (a 
false positive study). There were no false negative 
studies. 

Short axis versus apical approach for the echo- 
eardiographic identification of the left main cor- 
onary artery (Group C): Use of the short axis cross- 
sectional echocardiographic approach® clearly identified 
the left main coronary artery in 16 of the 30 patients (53 
percent). The apical cross-sectional approach resulted 
in adequate identification of this artery in 21 of the 30 
patients (70 percent). In 28 patients (93 percent) the left 
main coronary artery was visualized echocardiograph- 
ically with either one of these techniques. The bifur- 
cation point of the artery was identified in 7 of 16 pa- 
tients (44 percent) with the short axis technique and in 
14 of 21 patients (67 percent) with the apical tech- 
nique. 

Discussion 

The diagnosis of left main coronary artery disease is 
important in the management of patients with symp- 
tomatic coronary artery disease.!-!” The prediction of 
left main coronary obstruction before coronary arteri- 
ography is important in light of the potential for sudden 
death or at least greater morbidity during arteriography 
in patients with such obstruction.’ Unfortunately, no 
clinical symptom, sign or laboratory test is specific for 
the presence of left main coronary artery disease. Fur- 
thermore, visualization of calcification of this artery by 
fluoroscopy is an insensitive indication for this disease 
because only approximately 28 percent of patients with 
left main atherosclerotic obstruction have this 
finding.?.10 

Apical versus short axis view: Cross-sectional 
echocardiography has the potential for identifying 
noninvasively the left main coronary artery. The short 
axis tomographic view of a cross-sectional echocardio- 
gram has demonstrated the left main coronary artery 
as verified with contrast injection.!*> However, the short 
axis approach appears to be limited because this artery 





and its bifurcation lie in different planes with this 
method and therefore extensive visualization of the 
artery-is technically less feasible than with other ap- 
proaches. Use of the apical or hemiaxial approach in our 
study allowed the optimal alignment of the echocar- 
diographic beam parallel to the left main coronary ar- 
tery and its bifurcation. As demonstrated in Group C, 
the comparison of the short axis and apical approaches 
in 30 patients revealed a greater prevalence of successful 
visualization of the left main coronary artery and its 
bifurcation with the apical approach. 

The actual identification of left main coronary arte- 
rial obstruction with cross-sectional echocardiography 
is clear. False positive changes in the luminal free space 
may be due to a bend in the direction of the artery, 
cardiac motion or calcification along the left main vessel. 
However, by careful analysis of frame by frame re- 
cording, false positive diagnoses can be minimized. True 
obstruction of the left main coronary artery can con- 
sistently be recognized utilizing a frame by frame 
analysis. The arterial lumen should be in continuity 
with the aortic lumen and an area of narrowing of the © 
luminal free space of the left main artery should be ev- 
ident in multiple sequential frames. The potential 
usefulness of other criteria for identifying of the left 
main obstruction, including a distinct break in the lu- 
minal free space, should be further investigated. 

Clinical implication: The application of both the 
short axis and apical cross-sectional echocardiographic 
approaches te identification of left main coronary ar- 
terial obstruction appears to offer a high degree of 
success in the noninvasive evaluation of patients with 
suspected coronary artery disease. Prospective studies 
utilizing these noninvasive techniques to evaluate such 
patients may be rewarding. 
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Ti e Occurrence of Hyperaldosteronism in Infants With 
_ Congestive Heart Failure 


Serum aldosterone and plasma renin were measured in 20 normal infants 
and 15 infants with congestive cardiac failure. Serum aldosterone was 
significantly increased (151 + 38 ng/dl mean + standard error of the 
mean) in patients before treatment when compared with aldosterone in 


normal infants (29 + 7 ng/dl). Increasing serum aldosterone was related SS 


to increasing plasma renin. The response to furosemide appeared to be 
inversely related to serum aldosterone concentrations. In four infants, 
administration of an aldosterone antagonist (spironolactone) resultedin o 
improved diuresis and decreased serum aldosterone. Hyperaldosteronism 
is an important factor contributing to fluid and sodium retention in infants 
with heart failure. 


Many investigators!-4 have demonstrated the role of the renin-angio- ` 
tensin-aldosterone system in the accumulation of fluid and sodium as- 
sociated with cardiac failure. Elevated plasma aldosterone levels® have 
been observed in adults with heart failure, and increased urinary ex- 
cretion of aldosterone metabolites? was found in infants with heart 
failure. Furthermore, relatively high levels of aldosterone production 
and increased excretion of aldosterone metabolites have been demon- 
strated in the normal newborn and very young infant.”-® 

Optimal medical management (primarily administration of digoxin 
and diuretic drugs) is essential for reducing mortality and morbidity 
associated with congenital heart disease and severe heart failure. It has 
been suggested!-!° that excessive circulating aldosterone may lead toa 
diminished response to diuretic drugs, because this hormone increases ~ 
tubular reabsorption of sodium and water at-a site distal to the action 


of diuretic agents such as thiazides or furosemide.!!-!3 These consider- 


ations prompted us to study the possible role of the renin-aldosterone 


system in the pathogenesis and management of cardiac failure in young 


infants. 


Methods 


Study patients: Fifteen male infants were studied (Table I). Eleven had 
“moderate” to “severe” congestive heart failure secondary to congenital cardiac 
disease. Patients with “moderate” congestive heart failure had tachypnea, 
sweating, poor nutritional status, tachycardia, gallop rhythm, hepatomegaly 
and roentgenographic evidence of cardiomegaly or venous congestion, or both. 
When heart failure was severe, the prior findings were present in addition to 
clinical signs of diminished peripheral perfusion or metabolic acidosis, or both... 
The ages of the infants ranged from 1 week to 10 months; weights ranged from: 
2,650 to 6,190 g. oe 


Four additional infants (Patients 4 to 6 and 15) had cor pulmonale secondary __ 
to bronchopulmonary dysplasia as a consequence of the respiratory distress: 


syndrome of prematurity. Their ages ranged from 4 to 9 months and weights from : 
3,260 to 6.450 g. All infants with cor pulmonale had cardiomegaly on chest: 
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roentgenography, right ventricular and atrial enlargement on 
electrocardiography and right ventricular hypertrophy or 
dilatation, or both, on echocardiography. Two of these four 
infants. had fluid retention, oxygen dependency and marked 
pulmonary hypertension suggested by the echocardiogram!* 
and confirmed at cardiac catheterization in one. 
‘Treatment: The 15 study infants were treated with digoxin 
appropriate for age and weight (loading dose: 0.04 to 0.06 
mg/kg body weight per 24 lg maintenance dose: 0.005 to 0.015 
mg/kg per 24 h). The patients were on a maintenance regimen 
of fuid, 1,500:to 2,000 ml/m? per 24 h; sodium, 2 to 3 mEq/kg 
per 24 h; and potassium. I to 2mEq/kg per 24 h. 1 All infants, 
except two with moderate cor pulmonale, received furosemide, 
2 to 5 mg/kg per 24 h, daily; furosemide was given orally, ex- 
cept on study days. 
3 The response to parenterally administered furosemide (1 
mg/kg) was evaluated as foliows: (1) study day 1—before 
administration of digoxin or diuretic drugs, (2) study day 
> 2--mean'6 days (range 4 te 12 days) of digoxin and diuretic 
therapy. A third study was obtained 72 hours after the ad- 


 TABLE1 














ministration of spironolactone (1 to 3 mg/kg per 24 h) in four 
infants with clinical, roentgenographic and biochemical evi- 
dence of persistent or increasing heart failure (Table I; Pa- 
tients 12 to 15}. 

Laboratory determinations: Laboratory values, including 
hemoglobin, hematocrit, osmolality, seram creatinine and 
electrolytes, were obtained before administration of furo- 
semide on the study day. Two ml of blood was obtained for 
serum aldosterone and plasma renin levels before intramus- 
cular administration of furesemide (between 0800 and 1300 
hours in supine infants). Void te void, timed urine specimens 
were collected for serum creatinine, sodium and potassium 
concentrations before (3 to 5 hours) and after (2 to 4 hours) 
administration of furosemide. Male infants were chosen to 
facilitate urine collection. 

Sodium and potassium concentrations were measured with 
a digital flame photometer (Instrumental Laboratory, Lex- 
ington, Massachusetts 1972). Serum osmolality was measured 
with an automatic osmometer (Precisions Systems, Waltham, 
Massachusetts 1968). Plasma renin activity and serum aldo- 











== €linical Features of 15 Patients With “Moderate” to “Severe” Congestive Heart Failure 
Study I Study II 
Serum Serum Serum Serum Serum Serum 
Clinical Aldo NA K Clinical Aldo NA K 
Case Diagnosis Status ing/di} (mEq/liter) {mEq/liter) Status (ng/d) =(mEg/iter) (mEdq/liter) 
1 Patent ductus Mod CHF 35.6 138 4.8 CHF resolved 78.3 138 4.3 
arteriosus 
2 bdo ne septal Mod CHF 3.2 143 5 CHF resolved 6.2 140 4.7 
lefect 
3. d-transposition Mod CHF 34.4 146 3.6 CHF resolved £8.6 139 5.4 
of great vessels 
4. Bronchopulmonary Mod CP 4.3 136 49 Untreated 
dysplasia 
§ Bronchopuilmonary Mod CP 29 140 6 Untreated 
dysplasia 
6 Bronchopulmonary Sev CP 78 138 5.4 Died suddenly 
dysplasia 
7 Doublet outlet Mod CHF 90.4 142 4.9 CHF resolved £0.3 146 §.3 
right ventricle 
& Total anomalous Sev CHF 170 139 5.4 Sev CHF 63.5 139 5.9 
pulmonary venous 
return 
9 Anomalous coronary Sev CHF 401 148 6.64 Mod CHF 412 139 4.8 
artery 
10 Complete atrioventricular Mod CHF 217 136 5.8 Mod CHF 567 132 4.8 
cana 
11 d-transposition of great vessels, Sev CHF 251 147 6.1 Sev CHF 225 138 6.0 
ventricular septal defect, 
coarctation 
12 Total anomalous Mod CHF 19.3 141 4.9 Mod CHF * 116 145 4.2 
pulmonary venous 
return 
13 Anomalous Mod CHF 363 136 4.4 Mod CHF * 461 133 5.5 
coronary 
artery 
14 -Ventricular Sev CHF 417 136 4.4 Mod CHF * 309 141 3.8 
septal 
detect 
15 -Bronchopulmonary SevCHF 146 148 6.6" Mod CHF* 820 143 72h 
dysplasia 
Mean 150.6 1405 5.0 260.5 139.4 4.97 
+ SEM 1.1 +0.19 +1.2 +0.21 
Normal aldosterone AA 139.4 4.94 TE 140.4 5.12 
Mean t SEM 38.0 + 0.3 + 0.27 76.1 +14 + 0.28 
increased aldosterone 256.9 141.5 §.16 429 138.7 4.85 
Mean + SEM < 43.6 +43 0.29 89.4 +18 + 0.33 





* Treated with spironolactone. 
Aldo = aldosterone; CHF = congestive heart failure; CP = cor pulmonale; H = hemolyzed; Med = moderate; SEM = standard error of the mean; 
Sev = severe. 
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--gterone were measured with radioimmunoassay microtech- 
niques.'*!" The interassay coefficient of variation for plasma 
-renin was 9.5 percent and for serum aldosterone 10.5 per- 
= ogent 
`- Normal control group: Serum aldosterone and plasma 
in levels were obtained at the time of routine blood sam- 
ling in 20 normal infants presenting for well child care and 
elective surgical procedures. Their ages ranged from 1 1/2 
to 9 1/2 months; their weights ranged from 3,118 to 8,200 g. 
‘Their diet consisted of standard commercially available infant 
formula supplemented by proprietary baby foods. Also, their 
serum sodium and potassium levels were within normal limits. 
There were no significant age or weight differences between 
- =the study infants and the control group (Wilcoxon-Mann- 
- Whitney test). 18 
Statistical methods: Because the data were not normally 
distributed, all analyses utilized rank testing. However, for 
illustrative purposes all data are reported as mean + standard 
deviation or standard error of the mean. The Wilcoxon- 
Mann-Whitney test was used for.comparison of groups; Wil- 
-.coxon ranked paired t for paired studies, and the Spearman 
rank correlation for regression analysis. '* 


















Results 


General observations: The mean weight of the 
dy infants decreased from 4,474 g before treatment 
o 4,430 g before the second study (Table II). Serum 
‘osmolality values were normal. and did not change sig- 
icantly (Table I). Serum sodium and potassium 
concentrations (Table I) on the 1st and 2nd study days 
-did not differ; these concentrations in patients with 

increased aldosterone did not differ significantly from 
those of patients with normal aldosterone (Table I). On 

both study days, before administration of furosemide, 
urinary sodium to potassium. concentration ratios were 
reversed (less than 1) (Table H). After intramuscular 
injection of furosemide on the Ist and 2nd study days, 
mean urinary volume increased 3.6- and 2.9-fold, re- 
spectively; sodium excretion increased 22- and 29-fold 
cand potassium excretion increased 2.7- and 2.3-feld, 






_ Response to Furosemide in Infants With Heart Failure 


HYPERALDOSTERONISM IN INFANTS WITH HEART FAILURE—-BAYLEN ET AL. 


respectively, with restoration of sodium/potassium ra- 
tios to more than 1 (Table ID). 

Aldosterone data: Serum aldosterone before treat- 
ment (151 + 38 ng/dl [mean + standard error of the 
mean]) and on the 2nd study day (260 + 70 ng/dl) was 
significantly increased when compared with ievels in 
control infants (29 + 7 ng/dl; Wilecoxon-Mann-Whitney 
test, p <0.001). Aldosterone values did not change sig- 
nificantly between the first and second studies. In four 
infants (Patients 12 to 15) with persistent moderate to 
severe heart failure, mean aldosterone levels were ini- 
tially elevated (426 ng/dl) and decreased in all (139 
ng/dl) after administration of spironolactone (Fig. 1). 

Diuretic response: The response after intramus- 
cular administration of furosemide is summarized in 
Table HI. On the ist study day, urinary volume and 
sodium and potassium excretion after furosemide in 
those patients with increased serum aldosterone levels 
(greater than mean + 2 standard deviations) did not _ 
differ significantly from responses in patients with ~ 
normal serum aldosterone. However, on the 2nd study 
day, the mean urinary volume and sodium and potas- 


sium excretion after furosemide were significantly less. 


in patients with increased serum aldosterone levels than 
in those with normal levels (Wileoxon-Mann-Whitney 
test, p <0.05). Decreased postdiuretic sodium excretion 
was related to increased serum aldosterone levels by 
Spearman rank correlation (r = 0.589, p <0.01; Fig. 
2). 

Plasma renin: In the 11 infants with heart failure 
whose plasma renin concentrations were obtained, 
serum aldosterone concentrations were. significantly 
correlated with plasma renin values (Spearman rank: 
correlation r = 0.4, p <0.01, Fig. 3). Plasma renin values 
of the patients with heart failure did not differ signifi- 
cantly from values in control subjects and no significant 
difference was found between renin values in the first 
and second studies. 








Magnitude of Response to 


























Serum Urine Furosemide 
Body Osmolality Volume Sodium Potassium Na/K (mean ratio = post + pre) 
Weight (g) (mOsmi/liter) State (mi/kg perh)  (mEq/kgperh) (mEq/kgperh) Ratio Urine Sodium Potassium 
First Study 
“A474 M 281 Pre- M 1.76 M 0.022 M 0.059 0.37 
(3100-6250) SEM 3.3 furosemide SEM 0.33 SEM 0.005 SEM 0.013 
{n= 11) 
Post- M6.33 M 0.488 M 0.160 3.0 3.67 2a" 2.74 
furosemide SEM 1.26 SEM 0.010 SEM 0.040 
(n= 14) 
. Second Study 
4430: M 278 Pre- M 1.92 M 0.012 M 0.083 0.14 
¥ 12890-6220) SEM 3.4 furosemide SEM 0.45 SEM 0.004 SEM 0.018 
: í {n = 12) 
: Post- M 5.66 M 0.353 M 0.195 1.8 2.9? 291 2.37 
furosemide SEM 0.78 SEM 0.71 SEM 0.032 
{n = 12) 














— mean; f= increase (ratio post- versus pre-furosemide value). 


February 1980 The American Journal of CARDIOLOGY. Volume 45 





"M = Mean: post = after: pre = before. Na/K = ratio of urinary sodium and potassium concentrations; R = range; SEM = standard error of the : 
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Discussion 


Role of hyperaldosteronism in cardiac failure: In 
this study, significant elevations of aldosterone blood 
levels were observed in infants with heart failure. In 
animal models of heart failure,!99 increased secretion 
of renin and-aldosterone has been observed. Cardiac 
_ failure and diminished perfusion pressure have been 
equated with a diminished “effective” systemic blood 
volume.! It is postulated that diminished “effective” 
systemic blood volume stimulates the renin-angioten- 
sin-aldosterone system.!*.!9-2! Aldosterone augments 
fluid and sodium retention and angiotensin H acts on 
systemic-resistance vessels, helping to restore “effective” 
systemic blood volume. 





FUROSEMIDE ANTAGONIST b yu 





FIGURE 1. Exampie of an 
infant under study (Patient 
15). Day 1 (before treat- 
ment), the patient’s serum 
aldosterone (ALDO) and 
plasma renin levels are ele- 
vated; urine and sodium anc 
potassium excretion are 
relatively decreased after 
administration of furosem- 
ide; ratio of urinary sodium 
80 (Una) Concentration {stippled 
bar) to urinary potassium 
60- concentration. (Uk) (clear 
bar) is 1.3. Day 5, aldoste- 
40 rone and renin levels are 
increased further, serum 
20 osmolality. (OSM) is de- 
o creased, the urinary so- 
dium/potassium ratio before 
furosemide (0.03), is mark- 
edly reversed after (0.5) fu- 
rosemide. Treatment with 
spironolactone (an aldoste- 
rone antagonist) was added. 
Day 14, aldosterone and 
renin levels are normal, os- 
molality is normal; urine and 
sodium/potassium ratio are 
relatively increased after 
furosemide. 
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DAY 14 


In mild experimental heart failure, renin-angiotensin 
and aldesterone levels are initially elevated, with an 
early return to normal, !®20 With more severe cardiac 
failure, renin-angiotensin-aldosterone levels may re- 
main increased.*->-'929 In advanced cardiac failure, in- 
hibition of the renin-angiotensin-aldosterone system 
may cause marked systemic hypotension.!92! In the 
present study, as in other investigations,°:!9 hyperal- 
costeronism was observed before therapy. Hyperal- 
dosteronism was apparently more common in patients 
with more complicated lesions and in patients with 
persistent heart failure (Table I). The resolution of 
heart failure after diuretic therapy often resulted in 
decreased renin or aldostercne levels, or both. We 
speculate that infants with increasing or persistent el- 

















TABLE lll 
Comparison of Response After Administration of Furosemide in Infants With Normal and increased Serum Aldosterone 
i Urine {ml/kg per h) Sodium (mEq/kg per h) Potassium (mEg/kg per h) 
Normal increased Normal increased Normal increased 
Serum Serum Serum Serum Serum Serum 
Aldo Aldo {z =) Aldo Aldo (z =} Aldo Aldo (z =) 
tst day . 
Mean 8.09 575 0.658 0.693 0.311 1.78 6.213 0.368 1.21 
SEM 1.85 1.21 (NS) 0.149 0.055 (NS) 0.056 0.039 (NS) 
2nd day l 
Mean 7.31 4.18 2,07 0.550 0.186 2.64 6.270 0.132 2.50 
SEM 0.65 C.96 (p <0.05) 0.059 0.060 ip = 0.65) 0.058 0.023 ip = 0.05) 
t= 0.416 0.319 0.183 0.959 0.416 0.639 
(NS) (HS) (NS) (NS) {NS} (N5) 





Aldo = aldosterone; M = mean; NS = not significant; p = probability; R = range; SEM = standard error of the mean. t= Wilcoxon rank paired 


t test; z = Wilcoxon Mann Whitney test. 
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FIGURE 2. Relation of serum aldosterone level to urinary sodium ex- 
“cretion after administration of furosemide. Spearman rank correlation 
= 0.589, p <0.01. 








evations.of renin or aldosterone, or both, may represent 
patients with more severe heart failure and inability to 
maintain “effective” systemic blood volume. If cardiac 
output does not improve adequately with therapy, the 
stimuli for aldosterone secretion might persist. Diuretic 
___ therapy might result in a further reduction of “effective” 
-systemic blood volume with additional stimulation of 
aldosterone production. 

Causes of increased aldosterone secretion: Several 
factors might provoke greater aldosterone secretion in 
infants with heart failure than in adults. Although ab- 
solute rates of secretion. have not been determined, 
levels of renin and aldosterone’? in infancy are greater 
than levels in adults. Congenital cardiac lesions such as 
those associated with significant left to right shunting 
or outflow tract obstruction are usually associated with 
reduced systemic blood flow. The maintenance of “ef- 

fective” systemic blood volume or vascular tone is fur- 
ther compromised by a relative immaturity of the au- 
tonomic nervous system.22 In infants, the effect of he- 
patic maturation on the degradation of aldosterone**:*4 
is uncertain. Hepatic dysfunction secondary to con- 
_ gestion and altered hepatic blood flow could decrease 
the hepatic degradation of aldosterone?3?4 and result 
-ipinereased concentration of serum aldosterone. In our 
study, although plasma renin concentrations were not 
significantly elevated in the study subjects, serum al- 
dosterone concentrations were correlated with plasma 
renin concentrations, a finding consistent in part with 
stimulation of the renin-angiotensin-aldosterone 
system. 

Factors affecting response to diuretic drugs: It 

has been proposed that excessive aldosterone may re- 
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FIGURE 3. Relation of serum aldosterone to plasma renin level 
Spearman rank correlation r = 0.403, p <0.01. Linear regression line 
is depicted. 


duce the response to diuretic agents.!10-!2.25.26 In our 
study, as in others,*>-2’ infants with congestive heart 


_ failure were oliguric and had diminished urinary sodium. _ 


excretion. Marked reversal of the urinary sodium/po- 
tassium ratio was observed before therapy with fure- 
semide. Urinary volume and sodium excretion after > 
administration of furosemide was lower in infants with 
increased aldosterone concentrations. 

Other important variables affecting the response to 
diuretic drugs include the nature of the cardiac lesions; 
cardiac output, glomerular filtration rate and renal 
blood flow, 1$1920.25-30 Early in the course of moderate 
to severe heart failure, the glomerular filtration rate may 
be diminished and the effects of increased aldosterone 
on distal tubular fluid and sodium transport would be 
less important,?5-26.30 After therapy for heart failure 
glomerular filtration increases and the effects of in- 
creased aldosterone might become more apparent, as 
probably observed in this study (Table IID. As ex- 
pected,!:19:!1,25.26 improved diuresis and reversal of the 
urinary sodium/potassium ratio was observed in four 
infants with hyperaldosteronism after the administra- 
tion of an aldosterone antagonist (Fig. 1). 

Therapeutic implications: The factors regulating 
the renin-angiotensin-aldosterone system in infants 
with heart failure are complex and remain to be inves- 
tigated. Because we have observed hyperaldosteronism 
in infants with a wide variety of congenital and acquired 
cardiac lesions, we postulate that it is an important 
contributing factor in fluid and salt retention in infants 
with “heart failure.” Therefore, the occurrence of hy- 
peraldosteronism should be considered in the man- 
agement of infants with such failure and signs of fluid 
retention refractory to treatment. In infants with hy- 
peraldosteronism a trial of aldosterone antagonists guch 
as spironolactone might be evaluated. 
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Pulmonary artery “sling” indicates the vascular anomaly wherein the left 


pulmonary artery arises from the right pulmonary artery and traverses _ 


between the esophagus and trachea to enter the left lung. Respiratory 
symptoms may result from compression of the trachea and right mainstem 
bronchus by the anomalous vessel as well as by associated tracheo- 
bronchial defects. Six cases are described. The distinctive radiologic 
features include anterior indentation of the barium esophagogram and 
a characteristic pulmonary angiogram. Surgery is the usual recommended 
treatment for life-threatening airway obstruction, but results are often poor. 
In patients with less severe symptoms the physician’s approach may be 
modified by the presence of associated intracardiac defects and intrinsic 
airway disease. 


The origin of the left pulmonary artery from the right pulmonary artery 
(pulmonary artery sling) presents distinctive radiologic features and- 
clinically resembles vascular ring. Airway obstruction of various degrees 


of severity results from narrowing of the trachea and right mainstem 


bronchus by the aberrant artery as it courses from the right pulmonary 
artery, superior to the right mainstem bronchus, and between the trachea 

and esophagus toward the left lung (Fig. 1). To date, 66 cases have been 

described in publications in English.!-*° The majority of patients have 

undergone surgery. In this report we describe six additional cases and 

point out that in certain circumstances operation may not be indi- 

cated. 


Case Summaries 


Since 1968, six children with pulmonary artery sling have been seen at the 
Texas Children’s Hospital: Table I summarizes the clinical findings and thera- 
peutic results. Four of the six patients were girls (Cases 1 to 4). Three children 
(Cases 1 to 3) were of Latin American descent; one child (Case 4) was black. 

In two children (Cases 2 and.3) without symptoms of airway obstruction, 
pulmonary artery sling was identified at the time of cardiac catheterization for 
other congenital defects. Both children remain free of airway obstructive 
symptoms after surgical correction of the intracardiac defects. Patient 1 had 
evidence of airway obstruction with wheezing and recurrent pneumonia that 
began in the newborn period. Surgical correction of the sling at age 8 months: © 
provided no improvement, and she died with pneumonia 4 years later. 

Patients 4 and 5 presenied with obstructive airway symptoms at ages 5 
months and 1 day, respectively. Both are now in clinically stable condition. 
Patient 4 manifests mild wheezing without respiratory distress and has been 


free of pneumonia for 6 months. Patient 5 is asymptomatic at age 6 weeks; the <> 
chest roentgenogram, which formerly suggested right pulmonary emphysema, © 


is now normal. ; 
Patient 6 was referred at age 4 months. Dyspneic since birth, he had undergone — 


right pneumonectomy at age 1 month for congenital lobar emphysema suspected 


on the basis of the chest X-ray film. Airway obstruction persisted after operation. | : 
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FIGURE 1. Schematic representation of structural relations in pulmo- 
nary siing anomaly. AO = aorta; LPA = aberrart left pulmonary artery; 
MPA = main pulmonary artery; RPA = right pulmonary artery. 


A barium esophagogram and pulmonary angiogram at age 4 
months revealed the pulmonary sling anomaly. The child died 
at age 5 months with progressive respiratory failure. 


Clinical Features 


Previous reports: The vascular anomaly later 
termed vascular “sling” or “pulmonary artery sling” was 
first described by Glaevecke and Doehle? in 1897 in a 
report of their findings in a necropsy specimen from an 
infant who died of a respiratory illness. The first pre- 
mortem diagnosis of aberrant left pulmonary artery was 
made in 1949 by Quist-Hanssen.? Surgical therapy was 
first undertaken by Potts et al.4 in 1954. Their patient 
wasa 5 month old boy who underwent exploratory 


TABLE | 
< Case Summary of Six Cases 





thoracotomy for an extrinsic mass. compressing the 
trachea and producing severe airway obstruction. Their 
surgical procedure, similar to the current surgical ap- 
proach, yielded dramatic results, and on follow-up ex- 
amination in 19675 the boy was totally asymptomatic. 
Since then more than 63 cases have been reported.!-40 
The vast majority of patients have presented with res- 
piratory symptoms either at the time of birth or before 
age 6 months. In Clarkson’s review! of 38 cases in 1967, 
she observed that all patients had respiratory symp- 
toms before the age of 2 months. Subsequently, pul- 
monary artery sling has been reported in a child whose 
symptoms developed in the 2nd year of life,’ in two 
asymptomatie children®!! and in four adults.8-!0)2 The 
latter four all presented with paratracheal mass lesions. 
One adult patient!® had complained of wheezing since 
early childhood. 

Associated defects: Asseciated congenital defects 
are common. Additional cardiovascular lesions are 
found in 58 to 83 percent of patients? and include most 
often persistent left superior vena cava (20 percent of 
all cases), 746-2 atrial septal defect (20 percent), 16-20- 
ventricular septal defect (10 percent)’ and patent 
ductus arteriosus (25 percent).!629 Tetralogy of Fallot, !° 
persistent atrioventricular canal,! single ventricle?! and 
coarctation of the aorta!’ have also been reported. As- 
sociated gastrointestinal malformations include im- 
perforate anus, ™ Hirschsprung’s disease?”? and biliary 
atresia. 

Associated malformations of the tracheobronchial 
tree include left-eparterial bronchus, !®? bronchus suis,’ 
tracheomalacia'® and complete tracheal cartilaget524 
(“napkin ring eartilage”). Overall, tracheobronchial 
abnormalities have been described in 48 percent of au- 
topsy specimens.’ It is not clear whether the bronchial 
abnormalities producing obstruction represent inde- 
pendent associated lesions or result from the vascular 











Obstructive Sling Demonstrated 
Airway Associated Operation Outcome 
Case Symptoms (Age) Esophagogram Angiogram Defects (Age) (Age) 

1 Wheezing, recurrent Yes Yes None Implant LPA into No improvement. 
pneumonia MPA {8 mo) Died {4 yr postop) 
{newborn} 

2 None oiy Yes Pulmonary stenosis Resaction of PS 8 Normai (10 yr) 

and VSD (closed yr) 
spontaneously} 
3 None À Ban Yes ASD Closure ASD (9 yr} Normal (14 yr) 
4 Wheezing (5 mo) Yes Yes Persistent left SVC, None Mild wheezing (2 yr) 
PDA, imperforate 
anus, skeletal 
. anomalies 
>$ Tachypnea, right Yes --- None Asymptomatic (6 
pulmonary mo} 
emphysema 
(newborn) 

6 Right pulmonary Yes Yes None Right Died (5 mo); 
emphysema, pneumonectomy persistent airway 
respiratory {1 mo) obstruction 
distress 
(newborn) 








ASD = atrial septal defect; LPA = left pulmonary artery, MPA = main pulmonary artery; PDA = patent ductus arteriosus; PS = pulmonary stenosis; 
postop = postoperatively; SVC = superior vena cava; VSD = ventricular septal defect. 
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FIGURE 2. Case 4. Barium swallow study. Left, anteroposterior projection demonstrating deviation of the trachea to the left and left-sided indentation 
of the esophagus. Right, lateral projection showing indentation of the anterior edge of the esophagus just above the level of the carina. 


anomaly itself. However, they are a major determinant 
of symptoms, and the associated tracheobronchial 
disease commonly accounts for the lack of improvement 
after surgical repair. 

Diagnosis: The diagnosis of pulmonary artery sling 
depends on clinical awareness and appropriate inves- 
tigative procedures. Persistent wheezing by an infant, 
especially without evidence of infection, should provoke 
further study. The chest X-ray film often suggests air- 
way obstruction. There may be evidence of recurrent 
infection or atelectasis, especially of the right lung. More 
common is the picture of hyperlucency, greater on the 


right than on the left side, and deviation of the trachea 
to the left (Fig. 2, left).26?7 The tracheal air column may 
be narrowed just above the carina. 

A barium esophagogram is often diagnostic of pulmo- 
nary artery sling.?6:27 The lateral view discloses an 
anterior indentation of the esophagus (Fig. 2, right)—a 
finding described with no other vascular lesions, al- 
though it has been found with bronchial cyst, esopha- 
geal reduplication and enlarged lymph nodes.** In the 
anteroposterior projection the esophagus is usually in- 
dented on the left side, but indentation on the right has 
been observed.!! 





FIGURE 3. Case 4. Pulmonary angiogram. Left, anteroposterior projection demonstrating superimposition of right and left pulmonary arterial shadows 
and a “‘knob” on the right pulmonary artery. Right, lateral projection demonstrating the caudal position of the left pulmonary artery as it leaves the 


hilum. 
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Bronchoscopy may be helpful in the diagnosis of 
aberrant left pulmonary artery and is important in the 
assessment of tracheobronchial abnormalities. Right- 
sided or posterior compression of the trachea, especially 
by a pulsatile mass, is very suggestive of aberrant left 
pulmonary artery. The presence of tracheomalacia, 
bronchomalacia or complete cartilaginous ring (“napkin 
ring” cartilage) lessens the likelihood of successful 
surgical relief of airway obstruction. 

We recommend cardiac catheterization and selective 
pulmonary angiography, even though some workers 
believe that a barium esophagogram and bronchoscopy 
constitute an adequate diagnostie evaluation of this 
lesion.” The appearance of the pulmonary angiogram 
is pathognomonic and the large incidence of associated 
intracardiac defects warrants cardiac catheterization, 
especially if surgery is contemplated. In the antero- 
posterior projection the pulmonary angiogram usually 
demonstrates a deformity of the right pulmonary artery 
at the origin of the left artery and their superimposition 
during its proximal course (Fig. 3). The “sitting-up” 
projection (Fig. 4), in which the patient is elevated 60° 
to 70° from a horizontal position with the X-ray beam 
directed vertically is advantageous. It permits separa- 
tion of dorsal-ventral structures that overlap in the 
straight anteroposterior view; hence, the anomalous left 
pulmonary artery can be distinguished in its posterior 
course around the trachea. 

Natural history: The first description? of pulmonary 
artery sling was based on an infant who died of respi- 
ratory obstruction. Among the next 13 cases reported, 
11 children died before the age of 6 


months.!34.17,18,25,21,29-31 With the exception of the four 
adults89.10.12 and two previously described asymp- 
tomatic children,®" nearly all children recognized as 
having a pulmonary artery sling have undergone surgery 
or died.!46.16.32 There are few reports of a sling as an 








FIGURE 4. Case 4. “Sitting up” view of the pulmonary angiogram. The 
left and right pulmonary arteries are separated to demonstrate the origin 
and posterior course of the former. 
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incidental finding and no report of incidental autopsy 
demonstration of this lesion. 


Patient Management 


Pulmonary artery sling remains a condition that is 
generally manifested in infancy, often with severe 
symptoms. Death from airway obstruction has been 
observed as early as age 2 days! and is common before 
age 6 months in untreated patients. Vascular surgery 
provides the only definitive approach to these severely 
symptomatie children. 

Surgical repair: The recommended approach to 
symptomatie patients with pulmonary artery sling has 
been surgery. Since Potts et al.4 reported their dramatic 
result in 1954, surgical therapy has been reported in 40 
patients.!? The most common procedure has been li- 
gation, division and reimplantation of the left pulmo- 
nary artery as described by Potts et al.4 and modified 
by Clarkson et al. Division of the trachea with reposi- 
tioning,?? division of the left mainstem bronchus!3-32 
and division of a patent ductus arteriosus or ligamen- 
tum have also been attempted.*? f 

Surgical results have generally been less dramatic 
than the initial cure obtained by Potts et al. The overall 
surgical mortality rate has been 50 percent.!3 Patenty 
of the repaired left pulmonary artery is unusual.!4 
Persistent respiratory obstruction is frequently en- 
countered. Of 20 patients surviving operation, only 11 
are reported to be free of major airway symptoms.*! 
Airway obstruction in patients with associated anom- 
alies of the tracheobronchial tree is seldom relieved by 
surgery. 

Other therapeutic measures: Not all children re- 
quire operation. Our two asymptomatic patients, as well 
as other patients reported to have mild symptoms, 
demonstrate that an aberrant pulmonary artery need 
not obstruct the airway significantly; such patients are 
not surgical candidates. Most patients with pulmonary 
artery sling who present very early in life with critical 
respiratory symptoms demand prompt diagnosis and 
usually vascular correction. Management is less clear- 
cut for patients whose symptoms occur later. In this 
group associated anomalies need to be taken into ac- 
count. Intracardiac shunts, for example, may signifi- 
cantly aggravate the patient’s respiratory symptoms. 
Careful attention to congestive heart failure, pulmonary 
toilet and respiratory infections may be of critical im- 
portance. Bronchoscopy may reveal the presence of 
associated bronchotrachea! disease, which may prevent 
relief of symptoms despite surgical repair of the 
anomaly.!° 

Results of surgery for aberrant left pulmonary artery 
may be dramatic, but are often tempered by associated 
cardiovascular and tracheobronchial anomalies. If the 
patient’s symptoms are not life-threatening, he may not 
benefit from surgery. Attention should be directed to _ 
associated defects and particularly to the findings of 
bronchoscopy. When surgery is indicated, the outcome 
may often be influenced by the treatment of associated 
lesions including aggressive management of abnor- 
malities of the tracheobronchial tree. 
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Aberrant Left Pulmonary Artery (Pulmonary Artery Sling): 
Successful Repair and 24 Year Follow-Up Report 


CHARLES D. CAMPBELL, MD A case of anomalous left puimorary artery arising from the right and 
JORGE A. WERNLY, MD coursing behind the trachea and anterior to the esophagus (pulmonary 
PIPIT CHIEMMONG KOLTIP, MD artery sling) is reported. The therapy currently advocated for this disorder 
DELORES VITULLO, MD is ligation of the anomalous vessel and performance of a left pulmonary 
ROBERT L. REPLOGLE, MD to main pulmonary arterial anastomosis anterior to the trachea. A median 
Chicago, Illinois sternotomy incision allows total mobilization of the anomalous vessel, 


minimizes respiratory embarrassment and aids in performance of the. 
anastomosis. In the present case, a postoperative pulmonary angiogram 
revealed a patent left pulmonary artery, the second reported instance of 
such patency. The first successful repair of pulmonary artery sling was 
reported by Potts and colleagues in 1954, After a 24 year follow-up period 
their patient has normal exercise tolerance and no perfusion to the left 
lung is evident on ventilation-perfusion scan. 


In 1954 Potts et al.! reported the first successful repair of an aberrent 
left pulmonary artery originating from the right and passing between 
the trachea and esophagus, causing obstruction of the right bronchus 
(pulmonary artery sling). Sade et al.? in 1975 reviewed the cases of 40 
infants who had undergone surgical correction of this anomaly since 
Potts’ original case. The overall mortality rate was 50 percent, and of 
the survivors studied again only one has a documented patent left pul- 
monary artery. This report describes the second successful repair and 
technical refinements to obtain patency of the anomalous pulmonary 
artery. Follow-up information on the first reported surgical case is also 
included. 


Case Reports 


Case 1: A 14 month old black boy wes recently admitted to Michael Reese 
Hospital and Medical Center with wheezing and pneumonia. The child had had 
four previous admissions to an outlyirg hospital for asthma and recurrent 
pneumonitis. Results of routine laboratory studies were within normal limits. 
The chest X-ray film showed a right perihilar mass, and a lateral barium eso- 
phagogram revealed anterior indentaticn of the esophagus (Fig. 1). The pul- 
monary angiogram showed an anomalous left pulmonary artery coursing to the 
right and posterior to the trachea, continuing anterior to the esophagus and 
descending inte the left hilum (Fig. 2). A ventilation-perfusion scan was 


From the Department of Surgery and Cardiology, normal. 
Michael Reese Hospital and Medical Center, and Surgical repair was performed through a median sternotomy incision, The 
the Department of Surgery, Division of Cardiac aberrant left pulmonary artery was identified as arising from the right pulmonary 


Surgery, The University of Chicago, Pritzker 
School cf Medicine, Chicago, I!inois. Manuscript 
received May 21, 1979; revised manuscript re- 


artery (Fig. 3). A left ligamentum arteriosum was divided. The anomalous vessel 
was mobilized to the left hilum, ligated at its origin and brought anterior to the > 


ceived July 9, 1979, accepted July 11, 1979. trachea (Fig. 4). After the end of the vessel was spaiulated lengthwise, a long 

Address for reprints: Charles D. Campbell, MD, arteriotomy on the main pulmonary artery was made. The posterior row of the 
Division of Cardiac Surgery, Michael Reese Hos- anastomosis was completed with a running 6-0 polypropylene suture in Blalock 
pital and Medical Center, 2929 South Ellis Avenue, fashion. The anterior row was completed with interrupted mattress sutures, 
Chicago, Illinois 60616. resulting in a functional side to side anastomosis (Fig. 5), Blood flow was 1,000 
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FIGURE 1. Case 1. Lateral barium esophagogram showing anterior 
indentation of the esophagus. 


ml/min through the right pulmonary artery and 600 ml/min 
to the left lung, reflecting the small size of the left pulmonary 
artery. The child’s postoperative course was uneventful, and 
he was discharged on the 10th day. A recent pulmonary an- 
giogram shows a patent anastomosis (Fig. 6). 

Case 2: In 1953 Potts et al.! first repaired an anomalous left 
pulmonary artery in a 5 month old infant. The child was dysp- 
neic and cyanotic at birth. The chest roentgenogram and 
fluoroscopic examination revealed emphysema of the right 
lung and a mediastinal shift to the left. Bronchoscopic ex- 
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FIGURE 3. Pathologic anatomy demonstrating the course of the 
anomalous left pulmonary artery. A, anterior view. B, cross section 
showing compression of the right mainstem bronchus near its origin 


as the left pulmonary artery passes between the trachea and esophagus. 
Lig. = ligamentum. 
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FIGURE 2. Case 1. Pulmonary angiogram showing the anomalous left 
pulmonary artery arising from the right pulmonary artery. 


amination showed that the right mainstem bronchus was ex- 
trinsically compressed just below the upper lobe orifice. A 
barium esophagogram disclosed no abnormality. Because of 
repeated attacks of dyspnea and cyanosis associated with 
pulmonary infection, the child underwent surgical correction 
at age 5 months. The anomalous left pulmonary artery was 
exposed through the right fourth interspace and the aberrant 
vessel was divided and reanastomosed to the pulmonary artery 
in end to end fashion with a running suture anterior to the 
trachea. Occasional stridor developed in the early postoper- 
ative period, but the child was discharged on the 11th day. He 
has remained well and entirely asymptomatic for the ensuing 
24 years. The patient had normal exercise tolerance on a re- 
cent treadmill test. A ventilation-perfusion study shows 
minimal perfusion to the left lung with normal ventilation, 
demonstrating a good long-term result and almost certain 
unilateral pulmonary blood flow (Fig. 7). 
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FIGURE 4. Case 1. Surgical procedure. The ligamentum is divided and 
the anomalous vessel transected and transported anterior to the trachea. 
a = artery; R.A. = right atrium; R.V. = right ventricle. 
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FIGURE 5. Case 1. Surgical procedure. A, the left pulmonary artery is 
sewn in end to side fashion to the main pulmonary artery. B, completed 
anastomosis; the anterior row is made with interrupted mattress sutures, 
allowing growth to occur. a. = artery. 


Discussion 


In 1897 Glaevecke and Doehle® described the first 
case of anomalous origin of the left pulmonary artery. 
Since then, approximately 70 cases have been re- 
ported.*+5 Forty-six patients were treated surgically; 
23 (50 percent) were early survivors. The remaining 24 
patients were managed medically; the mortality rate in 
this group was 90 percent. 

Embryology: Normally the left pulmonary artery 
arises during the 5th week of intrauterine life. Gray et 
al. showed that the embryonic left pulmonary artery 
projects as a branch from the ventral bud of the aortic 





FIGURE 7. Case 2. Ventilation-perfusion scan (anterior view) in Potts’ 
original case showing unilateral pulmonary blood flow. The patient is 
entirely asymptomatic 24 years after operation. 
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FIGURE 6. Case 1. Postoperative pulmonary angiogram demonstrating 
a patent left pulmonary artery. 


sac to join an artery from the pulmonary plexus of the 
lung bud. These two vessels and the ventral left sixth 
arch or ventral bud of the aortic sac then become the left 
pulmonary artery, and the dorsal portion of the sixth 
arch becomes the ductus arteriosus. 

Many anomalies can result from failure of the ventral 
pulmonary artery bud to develop or from reabsorption 
of the bud after it has developed. Once a pulmonary 
artery is no longer present, the lung may capture a 
vascular supply by connection with any nearby major 
artery. If connection is made zo a systemic artery, the 
result is congenital unilateral absence of the pulmonary 
artery. The lung may capture its arterial supply by 
connection through the pulmonary plexus with deriv- 
atives of the sixth (pulmonary) aortic arch. If connection 
is established with the left sixth arch, normal develop- 
ment ensues. If connection of the left pulmonary plexus 
with the right sixth arch is established across the mid- 
line through capillaries caudal to the lung bud, the 
course of the left pulmonary artery is behind the de- 
veloping tracheobronchial tree, thus creating a vascular 
sling.” The anomalous left pulmonary artery usually 
arises from the posterior aspect of the right pulmonary 
artery, passes over the right mainstem bronchus near 
its origin and runs between the trachea and esophagus, 
indenting the anterior aspect of the esophagus. The 
vessel courses inferiorly and enters the hilum at a 
slightly lower than normal site. 

Associated anomalies: In more than 50 percent of 
cases of pulmonary artery sling,?48 anomalies involving 
the tracheobronchial tree occur. These are most com- 
monly hypoplasia of the distal trachea or bronchus, 
frequently associated with complete cartilaginous rings. 
Occasionally the anomalous vessel is not in close prox- 
imity to the area of tracheobronchial compression, thus 


= 





negating a cause and effect relation. Jacobson et al.° and 
Jue et al.’ noted the right upper lobe bronchus arising 
from the trachea above the anomalous vessel. 

Sade et al.” and Koopot et al.8 reported a 50 percent 
incidence rate of cardiovascular anomalies in patients 
ith pulmonary sling. These include aortic arch 
_ anomalies, tetralogy of Fallot, aortic stenosis, patent 
- ductus arteriosus, ventricular septal defect, atrial septal 
defect and, most commonly, a left superior vena cava. 
Clinical features and diagnosis: The most common 
o symptoms are those of respiratory obstruction, in- 

-eluding stridor and wheezing. Cyanosis and repeated 

pulmonary infections are also observed. The chest 
roentgenogram on frontal projection may show a right 
mediastinal mass; an indentation of the trachea or hy- 
perexpansion of the right lung may be observed. The 
barium esophagogram shows anterior indentation of the 
esophagus. The left pulmonary hilum is sometimes 
noted to be lower than normal. Bronchoscopy and 
«i bronchography may reveal tracheal or bronchial com- 

‘pression. A pulmonary angiography showing the 

anomalous left pulmonary artery is diagnostic. 




















inflation of the right lung associated with respiratory 
distress: A barium swallow study showed anterior in- 
_ dentation of the esophagus. A pulmonary angiogram 
— showed the anomalous vessel and a preoperative ven- 
_ tilation-perfusion scan was normal. 
~~ Surgical treatment: The surgical treatment of 
pulmonary artery sling has varied. The techniques 
utilized include division of the anomalous vessel and 
reanastomosis of the vessel to the proximal stump or the 
main pulmonary artery. In one instance the vessel was 
simply divided. Another approach is simple ligation of 
a patent ductus arteriosum or ligamentum and the third 
option is resection and reanastomosis of the bronchus. 
Despite a successful report (P. Mansfield, personal 
communication) of simple ligation of an anomalous 
pulmonary artery, this procedure in most cases would 
_ Kot alleviate the sling effect and results in a nonfunc- 
tioning left lung throughout the patient’s life. Mustard 
et al? reported an excellent result in a symptomatic 
child in whom only the patent ductus arteriosum was 
divided. In most instances this operation will not alle- 
:- viate the compression effect of the anomalous vessel on 
< the bronchus. Lochard et al.!! described a case in which 
the right mainstem bronchus was successfully relocated. 
This procedure is technically difficult and may lead to 
bronchial stenosis. 

Division of the anomalous vessel and reanastomosis 
to the pulmonary artery should relieve compressive 
symptoms and maintain normal lung function and 
therefore is the procedure of choice. Exposure of the 
aberrant left pulmonary artery has varied. Potts et al.} 
utilized a right thoracotomy and more recently other 

p surgeons*+ have suggested left thoracotomy. In 1975 
































= REPAIR OF PULMONARY ARTERY SLING-—-CAMPBELL ET AL 


Koopot et al. reported a successful repair through a 
median sternotomy, but they advocated a left antero- 
lateral incision. Median sternotomy gives excellent 
exposure of the origin of the anomalous left pulmonary 
artery and allows complete mobilization of this vessel 
into the pulmonary hilum. Therefore, maximal length 
of the vessel is obtained and kinking of the distal vessel 
as it enters the hilum more inferiorly than normal is 
avoided. 

In 1957 Hiller and MacLean!” advocated a left pul- 
monary artery to main pulmonary artery anastomosis 
as opposed to a left end to end anastomosis. At present, 
left pulmonary to main pulmonary artery reconstruc- 
tion is advocated because it prevents the kinking that 
occurs with end to end reanastomosis. The aberrant — 
vessel can be spatulated longitudinally and a long 
functional side to side anastomosis performed on the 
left lateral aspect of the main pulmonary artery. The 


long posterior row can be made in Blalock fashion and 


the anterior row completed with interrupted sutures; 
thus allowing the anastomotic tissue to grow. Sternot- 
omy aids in performance of this anastomosis and has the 
added benefit of minimal respiratory embarrassment. 


Right thoracotomy compromises the right lung while = 


the left lung is nonperfused and left thoracetomy 
compromises the left lung throughout the procedure. 

Surgical results: Grover et al.4 reported the only 
documented case of a patent aberrant vessel after 
reimplantation, and many instances of occlusion have 
been documented. 1213 Although Pool et al.!4 and- 
Cournand etal. suggested that pulmonary hyperten- 
sion will develop in patients with unilateral obstruction 
of the pulmonary artery, but the occurrence of this 
complication appears unlikely. Wolfe et al.!° suggested 
that there is a high risk of hemoptysis and recurrent 
pulmonary infection secondary to profuse bronchial 
circulation in patients with acquired hypoperfusion of 
the lung. 

Eklof!® and Pontius (personal communication) and 
their associates have unsuccessfully attempted recon- 
struction of occluded aberrant pulmonary arteries. 
Despite these reports it appears that occlusion of the left 
pulmonary artery in infancy is relatively benign, be- 
cause all cases are asymptomatic. Certainly, if left pul- 
monary arterial occlusion occurs, attempted recon- 
struction is not advisable. In fact, the patient reported 
by Potts et al.! had normal exercise tolerance with only 
minimal perfusion to the left lung after a follow-up 
period exceeding 24 years. 

With refinements in exposure and technique of re- 
pairing a pulmonary artery sling, the operative mor- 
tality rate (50 percent) will decrease and the rate of ar- 
terial patency (one other case) will increase. Finally, the 
severity of associated tracheobronchial and cardiac 
anomalies will continue to play a major role in the 
overall survival of these patients. 
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~ From Siemens-Elema—the people who pioneered with the first implanted pacemaker in 1958. 


PACEMAKER 
DATA: 


Here’s what you may 
already have learned to 
appreciate about our 
ventricular-inhibited 
pulse generators. 


ə Stable basic rate during recommended 
service life, independent of battery 
resistance increase. 


e 0.75 ms impulse duration for reduced 
current drain and increased service life. 


e Small, thin and lightweight with soft 
convex-concave design. 


e Protected against strong electromagnetic 
interference by selective input filters and 
titanium encapsulation. 


e Separately encapsulated, highly reliable 
hybrid circuitry. 


e Proved lithium-iodine power source. 


~ @ Two separate battery depletion indicators. 


e Simple check of stimulation function. 
e Easy end-of-life check. 
e Built-in runaway protection. 


e Withstands defibrillation energies to 400J 
(400Ws). 


e Versatile plug-in connection. 
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Here’s what you will 
surely find significant 
about our Model 629 
Vario” pulse generator. 


Sia Convenient and 
_ continuous 

Neal provision for 

Boe ay 3 a of 

patient threshold value 

during routine checks 

using simply a magnet 

and an ECG recorder. 
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Magnet placed over implanted generator starts test sequence: 
Battery test cycle (phase 1). Vario cycle (phase 2) for 
threshold determination. 


Siemens-Elema Pacemaker Systems, Division of Elema-Schonander, Inc. 
1600 Jarvis Avenue, Elk Grove Village, Illinois 60007; (312) 981-4910. 
World Headquarters, Pacemaker Division, S17195, Solna, Sweden 79211 


Visit us at Booth Nos. 231 & 233 at the American College of Cardiology in Houston 





The Critical Care 
Monitoring System 
You're Searching For 

Has Arrived. 











F 

| oR nN Dadada: 

er hah a eee 
i 

| "| 


introducing the... 


MINN! SYSTEM 2000 





The MENNEN SYSTEM 2000 provides total, continuous hemodynamic 
monitoring for up to sixteen patients. We’ve applied state-of-the-art microcomputer 
j technology in designing a system that’s cost-effective, reliable and easy to use. 


SYSTEM 2000 acquires patient data from related bedside monitors and provides 
waveform and tabular displays, trending, alarm notification and chart recording. Each 
patient's vital signs are continuously displayed in a clear, concise tabular format. 
All parameters can be trended for up to 72 hours. Drug administration and 
treatments can be entered into the system to correlate displayed trends with patient 
response to medication. 


Any parameter exceeding staff-selected alarm limits will cause the system to immediately 
record the corresponding patient’s ECG waveform - fully documented with 
¥ patient identification, time, date and vital signs at time of alarm. The system is controlled 
by a simple, special-purpose keypad for ease of operation. Options to the 
SYSTEM 2000 accommodate arrhythmia monitoring, ECG storage/recall and user 
programming as well as cardiac output and fluid measurements. 


Complementing the MENNEN SYSTEM 2000 is SOLO -a bedside monitor 
with an integral microcomputer which provides dedicated surveillance of any critically 
ill patient. SOLO provides up to 72 hours of trending for all 
monitored parameters - including ECG/heart rate, 
arterial blood pressure, PAP, CVP, temperature and respiration 
rate. In addition, it can accommodate cardiac output, 
pulmonary wedge pressure and fluid measurements. 


We also offer a complete line of conventional nurse stations, 
modular monitors and instruments. 


Mennen Medical Inc. 


“where meeting the patient monitoring needs of the medical 
community is a total commitment.” 





See our complete line of monitoring equipment in action at the ACC Convention, Booths 604-608, March 9-13 in Houston. 
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MENNEN 
MEDICAL 
INC. 


10123 MAIN STREET CLARENCE, N.Y 14031 
TELEPHONE 716 759-6921 TELEX 91-6402 
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Potassium with nothing to hide 


There's no longer any need to try to hide the taste of 
-potassium chlioride— because KAON-CL TABS have no taste. 
Thus your patients who can’t or won't take liquid supplements have an 
__ acceptable alternative that enables them to get the potassium they need. 






ax-matrix tablets minimize likelihood of GI complications. 

he special wax matrix used in KAON-CL TABS permits gradual release of — 

_ potassium chloride in the Gl tract. Because the potassium is slowly released, 

the possibility of high localized Gl concentrations is limited. The reported 

frequency of GI lesions with wax-matrix tablets is less than one per 100,000 

- patient-years. There have been only two equivocal cases of GI bleeding 
reported with KAON-CL TABS to date and no reports of small bowel 
stenosis or ulceration. However, clinical experience is insufficient at this time 

-to indicate chat the incidence is other than the stated numerical ratio. 









Logical, easily adjustable dosage. One tablet t.i.d. provides 20 mEq 
-of potassium, the amount generally considered necessary for prevention of 
_ hypokalemia. Two tablets t.i.d. provide 40 mEq of potassium, usually 

quate for the treatment of mild potassium depletion. Dosage should be 
sted to individual patient needs. In cases of more severe potassium 
depletion, 100 mEq daily or more may be required. 


, (potassium chloride) 
Controlled Release Tablets 


' otiniaty of prescribing information, please see following page. 


ARREN-TEED LABORATORIES 


VISION OF ADRIA LABORATORIES INC. 
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BRIEF SUMMARY Ea ee PRES 
KAON-CETABS® (potassium chloride} Controlled Release Tablets 
Descriptioa: Kaon-Cl Tabs is a sugar coated fnot enteric-coated) tablet contain- 

ing mg potassium chloride {equivalent to 6.7 mEq potassium chloride) in a 

wax matrix. This formulation is intended to provide a controlled release of 
SiG (porassium from the matrix to mininaize the likelihood of producing high 

be sed concentrations of potassium vathin the gastrointestinal tract. 
Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC 
ULCERATION AND BLEEDING WITH SLOW RELEASE POTASSIUM 
CHLORICE PREPARATIONS, TH DRUGS SHOULD BE RESERVED 
‘FOR THOSE PATIENTS WHO NOT TOLERATE OR REFUSE TO 
TAKE LIQUIDS OR EFFERVESC P SIUM PREPARATIONS OR 
FOR PATIENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE 
WITH THESE PREPARATIONS. 
L For therapeutic use in patients with hypokalemia with or without metabolic 

alkalosis, in digitalis intoxication and in patients with hypokalemic familial 

periodic paralysis. 

2. For the prevention of potassium. depletion when the dietary intake is 
inadequate in the following conditions: Patients receiving digitalis and 
diurevics for congestive heart failure, hepatic cirrhosis with ascites, states of 
aldosserone excess with normal renal function, potassium-losing nephro- 
pathy, and with certain diarrheal states. 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension is often unnecessary when such patients have a 
normal dietary pattern. Serum potassyam should be checked periodically, 
however, and if hypokalemia occurs, dietary supplementation with potas- 
shun-containing foods may be adequate to control milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 

Contraindications: Potassium supplersents are contraindicated in patients with 

hyperkalemia since a further increase in serum potassium concentration in such 

patients can produce cardiac arrest. Hyperkalemia may complicate any of the 

following conditions: Chronic renal failure, systemic acidosis such as diabetic 

acidosis, acute dehydration, extensive tissue breakdown as in severe burns, 

adrenal insufficiency, or the administration of a potassium-sparing diuretic (eg., 
“spiranalactone, triamterene), 

Wax-matrix potassium chloride preparations have produced esophageal ulcer- 
ation ifveertain cardiac patients wih esophageal compression due to enlarged left 
atrium. Pérassium supplementation, when indicated in such patients, should be 
with a liquid preparation. 

All solid dosage forms of potassium chloride supplements are contraindicated 
in any patient in whom there is cause for arrest or d elay in tablet passage through 
the gastrdintestinal tract. In these instances, potassium supplementation should 
be with aliquid preperation. 

Warnings: Hyperkalemia~In patients with impaired mechanisms for excreting 
potassigra, the administration of potassium salts can produce hyperkalemia and 
cardiac arrest, This occurs most commonly in patients given potassium by the 
intravencus route but may also occur in patients given potassium orally. 

~ Potentially fatal hyperkalemia can develop rapidly and be asymptomatic. The use 
of potassium salts in patients with chronic renal disease, or any other condition 
which impairs potassium excretion, requires particularly careful monitoring of 
the serura potassium. concentration and appropriate dosage adjustment. 

Interaction. with Potassium-Sparing Diutetics~Hypokalemia should not be 
treated hy the concomitant administration of potassium salts and a potassium- 
sparing diuretic (e., spironolactone or triamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia. 

Gastrointestinal Lesions—Porassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small owe! and deaths. These lesions are caused 
by a high localized concentration of potassium ion in the region of a rapidly 
dissolving tablet, which injures the bowel wall and thereby produces obstruction, 
hemorrhage, or perforation. Kaon-Cl Tabs {potassium chloride) is a wax-matrix 
tablet formulated :to provide a controlled rate of release of potassium chloride and 
thus to minimize the possibility of a high local concentration of potassium ion 
near the bowel wall, While the reported frequency of small bowel lesions is much 
less with: wax-matrix tablers (less cham one per 100,000 patient years) than with 
enteric-cnated potassium chloride tablets 440-50 per 100,000 patient years) cases 
associated with wax-matrix tablets have been reported both in foreign countries 
and in the United States. In addition, perhaps because the wax-matrix prepara- 
tions are not enteric-coated and release potassium in the stomach, there have 
been reports of upper gastrointestinal bleeding associated with these products. 
The toral number of gastrointestinal lesions remains less thar one per 100,000 
patient. years. Kaon-Ci Tabs should be discontinued immediately and the 
possibilty of bowel obstruction or perforation considered if severe vomiting, 
abdominal pain, distention or gastrointestinal bleeding occurs. 

Metabolic Acidosis—Hypokalemia a patients with metabobc acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 

rassium citrate, potassium acetate, or potassium ghiconate. 

recautions: The diagnosis of potassium depletion is ordinarily made by 

demonstrating hypokalemia in a patient with a clinical history suggesting some 
cause for potassium depletion. In irzerpreting the serum potassium level, the 
physicien should bear in mind that acute alkalosis per se can produce hypokalemia 
in the absence of a deficit in total body potassium while acute acidosis per se can 
increase the serum potassium concentration into the normal range even in the 
presence of a reduced total body potassium. The treatment of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis 
requires careful attention to acid-base belance and appropriate monitoring of 
serum electrolytes, the clectrocardiogram. and the clinical status of the patient. 
Adverse Reactions: The most common adverse reactions to oral potassium salts 
are nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are 
due to irritation of the gastrointestinal tract and are best managed by diluting the 
preparation further, taking the dose with meals, or reducing the dose. 

he most severe adverse effects are hyperkalemia (see Contraindications, 
Warnings and Overdosage) and gastrointestinal obstruction, bleeding or perfo- 
ration (see Warnings). 
Overdosage: The administration of oral potassium salts to persons with normal 
excretory mechanisms for perassiur rarely causes serious hyperkalemia. How- 
ever, if excretory mechanisms are impaired or if potassium is administered too 
rapidly intravenously, potentially fatal hyperkalemia can resuit (see Contraindi- 
cationwand Warnings). It is important to recognize that hyperkalemia is usually 
asyraptomatic and may be manifeseed only by an increased serum potassium 
conceritration and characteristic electrocardiographic changes (peaking of T- 
waves, Joss of Pewave, depression of S-T segment, and prolongation of the QT 
interval). Late manifestations include muscle-paralysis and cardiovascular col- 
lapse from cardiac arrest. 

‘Freasment measures for hyperkalemia include the following: 

1. Elimination of foods and medications containing potassium and potas- 
sikim-sparing diuretics. 

2. Intravenous administration of 300 to 500 ml/hr of 10% dextrose solution 
céntaining 10-20 units of crystalline insulin per 1,000 ml. 

3, Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 

In treating hyperkalemia, it should be recalled that in patients who have been 
stabilized on digitalis, too rapid a lowering of the serum potassium concentration 
can produce digitalis toxicity. 

Caution: Federal law prohibits dispensing without prescription. 


How Supplied: Bottles of 100, 250 and 1000. 


WARREN-TEED LABORATORIES 
DIVISION OF ADRIA LABORATORIES INC. 
COLUMBUS. OHIO 43215 127827 
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Every cardiologist, internist, pediatrician, surgeon — indeed, 
every physician — should have a good basic knowledge of 
The Pre-Excitation Syndrome. Here are just a few reasons why 
this is so essential: 


E 4% of all pre-excitation cases are misdiagnosed. 

©] 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

0J In % of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

<3 M to % of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors’ personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


“What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectwely with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is broght a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson-White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology.” 

Thomas N, James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 


the Department ef Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 
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l Yorke Medical Books, 666 Sth Ave., P.O. Box 876, N.Y., N.Y. 10019 | 
| Please send me a copy of THE PRE-EXCITATION SYNDROME at 
$33.00. I may use the book for 30 days and if not completely 
l satisfied, return it for full credit or refund. l 
l i Bill me plus cost of shipping l 
l D Payment enclosed, publisher pays for shipping | 
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[J Master Charge (J Visa 

Card No. Expire Date | 
| NAME) earan eet nee, ELNE PELAA l 
| ADDRESS | 
| PE a SE So eB a a et E 
| CITY shih has STATE AP ete | 

l 


| New York residents adcéisales tax. Outswle Western Hemisphere prepay in U.S. 
poer or charge fo credit card and add $5.00 per copy. AJC-2/80 


You 


and Telemed 
recognize the 


difference 
between 
these 
contours. 


Identical junctional ST segment elevations... 
different contour shapes. What’s the significance? 
Both the electrocardiographer and the Telemed 
Program recognize it immediately. Other computer 
ECG programs don’t consider wave form shape 

in their analyses. 


Since the Telemed Program parallels the associative logic of 
the electrocardiographer, it also correlates patient age, sex, 
body build, clinical history and current drug regimen with the 
ECG trace and reports their related clinical significance. 

These are two of the many reasons why no other computer 
ECG analysis program can match the clinical relevance and 
usefulness of the Telemed Program 


The Telemed Program enables the electrocardiographer to: 
e Increase reading efficiency because it identifies abnormal 


e Expand his practice by saving him time and offering him 
24 hour a day, 7 day a week back-up. 





Save valuable time because it can reduce or eliminate 
dictation 

Simplify filing by providing him a permanent record for 
reference or serial comparison anytime it is needed. 


For full details on how you can put the speed, relevance and 
economy of the advanced Telemed ECG Analysis Program 
to work for you, call or write Telemed today. 


Tap the resources of the one ECG program thoat works like a 
cardiologist works —the Telemed Program. 


embroke Avenue 
Hoffman Estates, Illinois 60195 
Telephone: (312) 884-5900 


Stop by Island 346 at the ACC Convention in Houston 





Thanks to a CyberLith™ 


pacemaker Connie’s life is 


back on track. 


FOR PATIENTS, LIKE CONNIE, WHO DON’T RESPOND 
TO DRUG THERAPY, A CYBERLITH CAN PROVIDE A 
NORMAL, ACTIVE LIFE. 


Less than four months after her pacemaker implant Connie 
Yanosick finished 98th out of 409 participants in an annual 
nationally sponsored 6.2 mile race. Connie is an active young 
woman. She is assistant coach of the women’s basketball team at 
Mount Aloysius College in Cresson, Pennsylvania, where she is 
studying to be an occupational therapist assistant. She is also a 
resident advisor in her dormitory and treasurer of the school’s 
Occupational Therapy Club. 


Like any college student, Connie enjoys visiting with her 
friends for late-night talk sessions. Classmates majoring in nursing 
frequently check Connie’s pulse just to experience what they term 
the pacemaker “click-in.” A member of an athletic family, twenty- 
year-old Connie still rough-houses with her siblings who don’t 
consider her to be “fragile or different.” 


Obviously, Connie is a happy, healthy young woman. Her 
bradycardia is controlled by a CyberLith. Of course her personal 
lifestyle will change over the coming years. But the multi- 
programmable CyberLith will permit her physician to accommo- 
date her changing physical requirements. We feel very certain that 
Connie will experience a lot of living in the future. 


Connie’s CyberLith is just one model in the growing family 
of specialized CyberLith pacemakers. Thin and lightweight, 
CyberLith pacemakers permit noninvasive adjustment of stimula- 
tion rate, pulse width, sensitivity level and pacing mode. And, 
the CyberLith has a longer history of reliability than any other 
programmable multi-parameter pacemaker line. CyberLith 
put Connie back on track. It could be the pacemaker of choice 
for your patients. 


Intermedics Inc. 


PO. Box 617 Freeport, TX 77541 
Tel: 713/233-8611 
Toll Free: 800/231-2330 


Our business is life.™ 





CvberLith™ is a trademark of Intermedics. Ine.. Freenort TX 























Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDRCATEIONS 


The indications for cardiac pacemaking ore increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are nor limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, including sinus bradycardia, sinus arrest. and 
sinearrial (3-A) black as-séen in sick sinus syndrome; (3) chronic. symptomatic 
second-degree or third-degree A-V block: (4) recurrent Adams-Stckes syndrome; 
(3) bradvcardia-tachycandia syndrome; 16) symptomatic bilateral bundle branch 
Bock: and (7) hypersensitive carotid sings syndrome (carotid sinus syncope), In 
addition: certain patients presenting with intractable, recurrent, congestive heart 
failure: cerebral or renal insufficiency; or recurrent, drug-resistant cachyarthythmias 





a whe have been shown to benefir from temporary cardiac pacing are considered 


candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarction have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 


cricular tate, mechanism of the arrhythmias, and response to therapy. In general, 


symptomatic drug-resistant bradyarrhythmias which impair cardiac ontpit are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications co the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
sardiac tamponade have been reported. 


CAUTION: Federal (U.5.A.) law restricts this device to sale 
by or on the order of a physician. 


NOTE: The CyberLith and rhe CyberLith Programmer are currently 
undergoing clinical evaluation. 


Intermedics Inc. 
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potassium chloride 
or oral solution 


20 mEq (1.5 g. KCI) 


Prescribing Information 


DESCRIPTION: 

Spray-dried tomato powder containing 20 mEq potassium (equivalent to 
1.5 g. KC!) per 6 grams powder (one dose) with-natural and synthetic 
flavors, spices and colors. Benzoic acid and. potassium ‘benzoate 
added as preservatives. When reconstituted. as. directed, makes a 
pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 
packets} contains less than 10 mg. sodium. 

INDICATIONS: . ; o 
The prevention or correction of potassium deficit, particularly. when 
accompanied by hypochioremic alkalosis im conjunction with thiazide 
diuretic therapy, in digitais intoxication, or as the result of long-term 
corticosteroid therapy, low dietary intake of potassium, or excessive 
vomiting or diarrhea. 

CONTRAINDICATIONS: 

Potassium is contraindicated in severe renal impairment involving 
oliguria, anuria or azotemia; in untreated Addison's disease, familial 
periodic paralysis, acute dehydration, heat cramps, hyperkalemia from 
any cause. Potassium chloride should not be employed in patients 
receiving potassiurn-sparing agents such as aldosterone antagonists 
and triamterene. 

PRECAUTIONS: ; 

KATO is a concentrate and shouid be taken only after reconstituting with 
water as directed: This preparation, like other potassium supplements, 
must be properly diluted te avoid the possibility of gastrointestinal irrita- 
tion, Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution; it s- impossible to assess accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion, Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level shouid be made: High dlasma concentrations of 
potassium ion may cause death through eardiac depression, af- 
rhythmias or arrest. Use with caution in patients with cardiac disease. 
ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea. and abdominal discomfort may occur. 
Gross overdosage may produce signs and symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, faccid paralysis, hyper- 
kalemia, ECG abnormalities, fall in blood pressure, cardiac arrhythmias 
and heart block. The characteristic changes in the ECG are dis- 
appearance of the P wave, widening. and slurring of QRS compiex, 
changes of the S-T segment, tall peaked T waves, etc. 


TOXICITY: 

Potassium intoxication may result irom overdosage of potassium or from 

therapeutic dosage in conditions stated under “Contraindications’” 

Hyperkalemia, when detected, must be treated immediately because 

lethal levels can be reached -n a few hours. 

TREATMENT OF HYPERKALEMIA: 

1. Dextrose solution 10% or 25% containing 10 units of crystalline insulin 

per 20 g. dextrose; given LX. n a dose of 300ce.te 500cc in. an hour. 2. 

Adsorption and exchange of potassium. using sodium or ammonium 

cycle cation exchange resin, orally or as retention enema. 3. 

Hemodialysis or peritoneal dialysis. 4. Elimination of potassium- 

containing foods and medicaments. Warning: Digitalis toxicity can be 

precipitated by lowering the plasma potassum concentration too 

rapidly in digitalized patients. à 

ADMINISTRATION AND DOSAGE: 

Mix with water to make a pleasant tomato juice drink. Each € gram unit 

dose packet provides 20 mEq of potassium: Usual adult dose--1 packet 

of KATO mixed with about Z cunces of water twice daily—supplies 40 

mEq potassium per day. Take with meals or follow with Y2 glass of water. 

Larger doses may be required. but should be administered under Close 

supervision because of the possibility of potaseaim intoxication. 

HOW SUPPLIED: f 

Cartons of 30 and 120 6 gram unitdose packets, 20 mEq each. 
02-488-30 

1-79 








SYNTEX PUERTO RICO, INC. 
HUMACAO, PUERTO RICO 00561 


Trying to smother the taste of 
potassium with sweet fruit flavorings 
never seems to work very well. It’s 
alike pouring salt straight into your 
orange juice—and just about as un- 
drinkable for many patients. That's 
when a matter of taste becomes 
a problem of compliance. 

KATO® (potassium chloride for 
oral solution) has the right kind of 
taste, the fresh tomato tang that 


saltiness of potassium chloride. 

It provides the potassium salt of 
choice—the chloride—as a 
powder that mixes quickly with 
water, for the liquid dosage form 
preferred for safety. Each 
easy-to-use packet contains 
20 mEq potassium chloride, with 
less than 5 mg sodium. 

Offer your patients the tangy 
taste of KATO—the fruitless 


KATO 


(potassium chloride 
for oral Solution) 20 mea «s oxen 


Potassium with the tang of tomato. 
S SYNTEX 


SYNTEX PUE 
HUMACAO. PUERTO RICO 00661 





Z% LEA & FEBIGER 


NEW! You'll want a copy of each 


Plan now to examine our many new books 
at The American College of Cardiology 
meeting in Houston, Texas, March 10 - 13, 
1980. 


INTERPRETATION OF COMPLEX 
ARRHYTHMIAS 


By ALFRED PICK, M.D., and RICH- 
ARD LANGENDORF, M.D., both of 
the Cardiovascular Institute of Michael 
Reese Hospital and Medical Center, 
and Pritzker School of Medicine, The 
University of Chicago, Chicago, Illinois. 
This gem of a book is an outstanding 
contribution to the literature for ex- 
perienced cardiologists—an entirely 
new book that differs from other texts 
in its aim, scope, format, and its special- 
ization. It comprises the application of 
new knowledge to the unravelling, in- 
terpretation, and differential diagnosis 
of unusual and complex disorders of 
the cardiac rhythm encountered in 
standard electrocardiographic leads. 
586 pp. (11 x 8%), illus., 1979, $58.50. 


CARDIAC PACING: A Concise 
Guide to Clinical Practice 


Edited and with contributions by PHIL- 
IP VARRIALE, M.D., and EMIL A. 
NACLERIO, M.D., both of Cabrini 
Medical Center, New York, New York. 
(34 Contributors). This book is a com- 
plete and totally practical review of 
the science of pacemakers, major devel- 
opments and improvements in the 
field, the techniques and current clini- 
cal applications of cardiac pacing. It 
describes the present state of the art. 
Clinical principles and guidelines are 
stressed; established facts are empha- 
sized and controversial issues analyzed. 
Provided are ample illustrations of pac- 
ing techniques, methods, new power 
sources, etc. 382 pp. (7 x 10), illus., 
1979, $27.50. 





Lea & Febiger 


600 S. WASHINGTON SQ. 
PHILA., PA. 19106 
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CLINICAL CARDIAC k 
ELECTROPHYSIC 


CLINICAL CARDIAC 
ELECT ROPHYSIOLOGY: Techniques 
and Interpretations 


By MARK E. JOSEPHSON, M.D., Uni- 
versity of Pennsylvania School of Medi- 
cine, Philadelphia; and STUART F. 
SEIDES, M.D., George Washington 
University School of Medicine, Wash- 
ington, D.C. The cardiologist is pro- 
vided here with the means to fully un- 
derstand the capabilities of the clinical 
cardiac electrophysiology laboratory. 
For those interested in performing the 
actual studies, methods of analyzing 
conduction defects, sinus node func- 
tion, and tachyarrhythmias including 
those associated with pre-excitation 
syndromes are discussed together with 
their therapeutic implications. 378 pp. 
(7x 10), numerous illus., 1979, $24.50. 


PROGRESS IN CARDIOLOGY. 8 


Edited by PAUL N. YU, M.D., Univer- 
sity of Rochester School of Medicine 
and Dentistry, Rochester, New York; 
and JOHN F. GOODWIN, M.D., Royal 
Postgraduate Medical School, London, 
England. (23 Contributors). This Vol- 
ume 8 is the latest in a well-known 
series of annual publications that pre- 
sent concise and informative articles 
related to cardiovascular medicine. 
The articles summarize recent advances 
and predict future trends in cardiology. 
The first seven chapters of this volume 
deal exclusively with newer concepts 
and developments in echocardiography. 
The second half of the book is devoted 
to chapters that range widely over 
other aspects of cardiovascular disease. 
349 pp. (7 x 10), illus., 1979, $25.00. 


of these books! 





CARDIAC EMERGENCY CARE, 
2nd ed. 


Edited and with contributions by ED- 
WARD K. CHUNG, M.D., Jefferson 
Medical College of Thomas Jefferson 
University, Philadelphia, Pennsylvania. 
(22 Contributors). Busy physicians will 
appreciate the new format and quick 
and easy access to information provided 
in this Second Edition. Three new chap- 
ters are included. About 459 pp., illus., 
tables, 1980, $25.00. 


CARDIAC CATHETERIZATION 
AND ANGIOGRAPHY, 2nd ed. 


Edited by WILLIAM GROSSMAN, 
M.D., Peter Bent Brigham Hospital, 
Boston, Massachusetts. (22 Contribu- 
tors). Taking a highly pragmatic ap- 
proach, this new edition provides an 
authoritative and completely up-to- 
date summary of the major techniques 
currently employed in cardiac catheter- 
ization and angiography. About 400 
pp. (7 x 10), illus., 1980, Ready Soon. 


HISTOPATHOLOGY OF CARDIAC 
ARRHYTHMIAS, 2nd ed. 


By LINO ROSSI, Lib. Doc. Pathology 
in the University of Milan, Milan, Italy. 
This book presents an up-to-date and 
comprehensive account of histologic 
abnormalities of the heart’s conduc- 
tion and nervous system. It provides 
detailed and current information on 
histopathologic features of arrhythmias. 
299 pp. (6 5/8 x 9%), 138 figures and 
8 plates (1 in color), 1978, $54.00. 








STUDIES IN HYPERTENSION 








- Hypertension and Propranolol Therapy: Effect on Blood Pressure, 
-Plasma Catecholamines and Platelet Aggregation 
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The effects of propranolol on blood pressure, plasma. catecholamine . : 


concentration and platelet aggregation were examined in 16 patients with 
uncomplicated primary hypertension. The patients were studied at rest, 
during isometric handgrip stress and 48 hours after sudden discontinuation 
-of propranolol therapy. Plasma catecholamine concentration and platelet 
aggregation studies were also carried out in 11 age-matched normotensive. - 
‘and healthy subjects at rest. 


Plasma catecholamine concentration and platelet aggregation were _ 
greater in the hypertensive than in the normotensive subjects, but the 
difference reached statistical significance for aggregation only. Exercise 
significantly increased catecholamines and platelet aggregability. The __ 
administration of propranolol (240 mg/day) produced a significant de- 
crease in systolic and diastolic blood pressure and in aggregation (the _ 


„percent of light transmission at 1 uM adenosine diphosphate, at rest) and _ 


a significant increase in catecholamine concentration. However, pro- 
pranolol did not prevent the changes in all these variables with exer- _ 
cise. Ce 
The abrupt discontinuation ot propranolol was not associated with any 
subjective or objective untoward cardiovascular effect or abnormal 
changes in plasma catecholamines. However, in some patients the platelet | 


aggregation studies demonstrated a hyperaggregable state, which may 


be due to a state of supersensitivity of platelets to circulating catechol- 
amines. 


It has been reported! that patients with primary hypertension have 
increased plasma catecholamine concentration when compared with © 
normotensive subjects and that patients with labile hypertension have © 
a greater blood pressure and catecholamine response to stress than do 
normotensive control subjects.? Platelet adhesiveness is increased in - 
patients with pheochromocytoma,‘ and several in vitro® and in vivo® 
studies showed that catecholamines bring about platelet aggregation. 
Many investigators find that propranolol is an effective and safe anti- 
hypertensive agent.’ In vitro it may decrease platelet aggregation,’ 


and in recent clinical trials it reversed to normal the abnormal platelet. 


aggregation observed in patients with ischemic heart disease." 
In this study we examined the effects of propranolol on blood pressure, 
plasma catecholamines and platelet aggregation in patients with primary 
hypertension. We also studied the possibility of a rebound phenomenon- 
in these variables after sudden discontinuation of propranolol. 
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HYPERTENSION AND PROPRANOLOL—VLACHAKIS AND ALEDORT 


Methods 


Patients: The effect of propranolol on blood pressure, 
plasma catecholamine concentration and platelet aggregation 
was determined in 16 patients (12 men and 4 women) with 
uncomplicated primary hypertension at rest and during static 
exercise. The mean age (+ standard error of the mean) was 54 
+ 2 years. In 11 age-matched normotensive and healthy 
subjects plasma catecholamine concentration and platelet 
aggregation were studied at rest. Subjects and patients with 
a history of cigarette smoking, diabetes mellitus, lipid ab- 
normalities, manifest atherosclerotic vascular disease, kidney 
ot heart failure and thyroid dysfunction were excluded from 
the study. Informed consent was obtained from each subject 
and drugs of any sort were discontinued for at least 2 weeks 

“before the study. Nine patients were new untreated hyper- 
tensive patients whereas two had been treated with hydro- 
chlorothiazide alone and five had been receiving hydrochlo- 
rothiazide together with propranolol up to 3 weeks before the 
study. 

Routine testing in the patients with hypertension con- 
sisted of physical examination and laboratory procedures 
including electrocardiogram, chest roentgenogram, rapid se- 

-quence pyelogram, complete blood count, routine urinalysis, 

6 and 12 channel automated blood chemistry determinations 
and urinary catecholamine metabolite test. From the normal 
control volunteers blood was withdrawn for the complete 
blood count and multichannel automated blood chemistry 
determinations. 

Platelet aggregation studies: After a 12 hour fasting pe- 
riod platelet aggregation studies were carried out during the 
morning hours in a quiet room with the subject at rest and 
during exercise. Before testing, each subject. was instructed 
in the procedure and the technique of handgrip exercise; 
during the procedure no discussion with the subject was per- 
mitted. Each subject was asked to lie comfortably on a bed, 
and a 19 gauge siliconized needle was inserted, without use of 
a tourniquet, into an antecubital vein and a slow infusion of 
physiologic saline solution kept the needle open. After a 20 
minute period of relaxation blood was withdrawn for deter- 
mination of plasma catecholamines and platelet aggregation. 
Subsequently each hypertensive patient stood quietly for 10 
minutes and then performed 3 minutes of isometric handgrip 
exercise (at two thirds of their maximal voluntary contraction) 
with use of a hand ergometer. At the end of this exercise blood 
was again obtained for determination of plasma catechol- 
amines and platelet aggregation. 





Platelet aggregation studies were performed using the 
turbidimetrie method of Born!” as modified by Mustard et 
al.!3 with adenosine diphosphate (ADP) as the aggregating 
agent. Blood was sampled by flow into plastic tubes containing 
1/10 volume aeid citrate (3.2 percent of concentration), and 
platelet-rich plasma was obtained by immediate centrifuga- 
tion of the plasma at 150 g for 15 minutes at room tempera- 
ture. The subsequent procedure was described in detail else- 
where.!4 We determined two indexes of platelet aggregability: 
(1) the percent of light transmission at 1 xM ADP and (2) the 
threshold (the minimal concentration of ADP) for biphasic 
aggregation. !* 

Propranolel therapy: After completion of the control 
period, all hypertensive patients were started on propranolol 
therapy at 80:meg/day, divided into four doses, and titrated 
against blood pressure response to a maximal dosage of 240 
mg daily. Patients were followed up in the hypertension clinic 
every 2 weeks, when blood pressure, heart rate and body 
weig!.t were measured. After 6 to 8 weeks of propranolol 
therapy the plasma catecholamines and platelet aggregation 
studies were repeated, exactly as in the control period, to- 
gether with reutine testing. All studies were performed 1 to 
2 hours after ingestion of 80 mg of propranolol. Then each 
patient was asked to discontinue medication and to return to` 
the laboratory 2 days later, where a complete history and 
physical examination were obtained and catecholamine and 
platelet aggregation studies, in the supine position only, were 
repeated as in the previous periods. 

Plasma catecholamines: These were measured by a 
modification’ of the radioenzyniatic method of Passon and 
Peuler.!5 In this method, plasma norepinephrine and epi- 
nephrine are converted by the partially purified enzyme cat- 
echol-O-methyl-transferase and ?H-adenosyl-methionine to 
%H-normetanephrine and 3H-metanephrine, respectively. The 
sensitivity of the assay is less than 1 pg of plasma norepi- 
nephrine and epinephrine and requires 50 uliters or less of 
plasma. 

Statistical analysis: Student’s £ test was used for com- 
parisons between two groups and the paired t test for changes 
within the same group. Correlation coefficients were com- 
puted, Results.are-expressed as mean + standard error of the 
mean. 


Results 


Clinical and laboratory characteristics: Table I 
includes some clinical data and the results of the re- 








TABLE | 
Some Clinical and Laboratory Data in the Hypertensive and Normotensive Subjects 
Optic 
Fundi 
Age LVH {KWB} SBP 
Group {yn Sex in) Grade 
Hyper- 5442 12M 4+ im = 10) 16047 
tensive 4F Il {n = 6) 
patients 
{n = 16) 
Normo- 5042 8M 0 O(n = 9) 116+2 
tensive 3F Iin = 2) 
subjects 
(n= 11) 


(mm Hg) 
11143 7943 


7442 7542 





Recumbent Position 





DBP HR NE E Platelet Aggregation 
(beats/min) (pg/ml) {pg/ml} % of LT Threshold 





244412 3942 3342 1840.36 


2024 18 3544 26543 29403 





DBP = diastolic blood pressure; E = epinephrine; HR = heart rate; KWB = Keith-Wagener-Barker classification; LT = light transmission at 1 


pm of ADP concentration; LVH = left ventricular hypertrophy on electrocardiog 


raphy; NE = norepinephrine; n = number of patients; SBP = systolic 


blood pressure; threshold = minimal concentration of ADP to induce biphasic aggregation (iM); + = present. 
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cumbent. studies of platelet aggregation and plasma 
¿catecholamines in the 16 hypertensive and 11 normo- 

tensive subjects. The blood pressure of the hypertensive 
‘group was significantly higher than that in the normo- 
tensive group, whereas mean values of plasma norepi- 
nephrine and epinephrine were essentially the same. 
he percent of light transmission at 1 uM ADP con- 
nitration was higher (p <0.05), whereas the threshold 
of biphasic aggregation was lower (p <0.05) in hyper- 
tensive than in normotensive subjects. 
< Effect of propranolol therapy on arterial pres- 

sure and heart rate in the hypertensive group: 

Propranolol significantly decreased systolic and dia- 

stolic resting blood pressures from 160 + 7 to 141 45 

mm Hg (p <0.05) and from 111 + 3 to 97 + 2mm Hg (p 

<0.01), respectively, but did not prevent or lessen the 

inerease in these pressures during exercise. Although 

the exercise-induced increases in systolic and diastolic 

blood pressure during propranolol therapy (45 + 6 and 
<33 46mm Hg, respectively), were similar to the 44 + 
and 31 + 4 mm Hg increases during the control period, 
e absolute exercise levels in these pressures were 
nificantly lower during propranolol therapy than in 
control period (p <0.05 for both). The abrupt dis- 
continuation of propranolol. was associated with a 
adual elevation in blood pressure, and at 48 hours the 
yetolic and diastolic blood pressures of 155 + 3 and 109 
a 4 mm Hg, respectively, were slightly lower than the 

control levels. 

Heart rate decreased significantly with propranolol 
from 79+ 3 beats/min in the control period to63 + 3 (p 
<0.01) at rest, and from 98 +3 to 71 + 3 beats/min (p 
<0.001) during exercise. Heart rate 48 hours after 
therapy 80 + 3 beats/min was not significantly different 
from the control level. 




































the Hypertensive Patients 
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Propranolol and plasma catecholamines: Pro- 
pranolol increased both plasma norepinephrine and 
epinephrine from 244 + 12 and 39 + 2 pg/ml in the 
control period to 288 + 16 (p <0,05) and 55 + 3(p 
<0.02), respectively, at rest and from 574 + 34 and 102 


+ 10 pg/ml in the control periods to 641 + 40 and 135 


+ 16 with exercise. Thus, exercise induced a significant 
elevation in both catecholamines and the extent of the 
increase was similar in the control and propranolol pe- 


. riods. Sudden discontinuation of propranolol was not 


associated with substantial changes in plasma cate- 
cholamines (265 + 15 and 45 + 3 pg/ml, respectively) 
when measurements were obtained 48 hours after 
therapy. 

Propranolol and platelet aggregation: Table IE- 
gives results of platelet aggregation studies at rest and 
during exercise. Platelet aggregation was reduced by 
propranolol therapy when the patients were studied in 
the recumbent position at rest. The percent of light 
transmission at 1 4M ADP decreased from 33 + 2to 27 
+ 1.5 (p <0.02), and the threshold for biphasic aggre- — 
gation increased from 1.8 + 0.36 to 2.8 + 0.72 uM of 
ADP (difference not significant). However, propranolol 
did not prevent the increase in platelet aggregation ine — 
duced with exercise. Both before and during propranolol- 
therapy exercise increased the percent of light trans- 
mission at 1 4M ADP significantly (+5.7 + 1.6 [p <0.01] 
before and +5 + 1.3 [p <0.01], during therapy) and 
decreased threshold for biphasic aggregation signifi- 
cantly (+0.55 + 0.16 uM of ADP [p <0.01] before and 
—0.25 + 0.07 [p <0.01], during therapy). The differences 
between the two periods were not significant. 

The abrupt withdrawal of propranolol was associ- 
ated with a significant rise in percent of light trans- 
mission (p <0.01) and a significant decrease in threshold 


atelet Aggregation Studies in the Control Period, During Propranolol Therapy and 48 Hours After Propranolol Withdrawal in 




















Ex = exercise; SEM = + standard 


g 


Control Period Propranolol Period 48 Hours After Therapy 
% of LT Threshold % of LT Threshold % of LT Threshold 
Rest Ex Rest Ex Rest Ex Rest Ex at Rest at Rest 
29 46 5:0 3.3 39 48 10 10 36 5.0 
44 48 0.75 0.5 29 30 1.5 0.75 50 0.5 
33 39 1.0 0.76 24 28 1.25 1.25 57 0.5 
40 40 3.3 2.5 19 23 3.3 2.5 26 3.3 
33 38 1.0 0.75 29 40 2.0 1.75 45 05 
24 20 2.0 2.0 24 22 25 2.5 34 1.75 
24 34 1.25 1.0 33 37 1.5 1.0 24 4.25 
24 20 2.5 25 20 25 2.0 2.0 25 2.5 
24 34 1.5 1.0 30 35 2.5 2.0 30 15 
28 45 5.0 2.5 38 47 10 10 35 5.9 
44 49 0.5 0.25 30 33 1.9 0.5 46 9.5 
33 38 1.0 0.5 25 30 1.25 1.0 55 0.5 
40 40 0.75 0.5 29 22 0.75 0.75 30 0.76 
33 38 15 1.0 25 45 1.25 1.25 40 1.0 
44 48 0.75 0.5 29 25 15 1.0 50 6.5 
24 35 1.5 1.0 20 25 2.9 1.5 28 4.5 
33 38 1.8 1.3 27 32 2.8 2.5 38 7 
+2 +2 + 0.36 +0.24 +15 +2 £0.72 + 0.75 + 2.8 £0.38 





ror of mean. Remaining abbreviations as in Table ł. 
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(p <0.05) from the propranolol period, and in some 
patients results of platelet aggregation studies differed 
from those of the control period. 

There was a positive correlation between age and 
plasma norepinephrine level (r = 0.64, p <0.01) as well 
as with the percent of light transmission (r = 0.56, p 
<0.02) at rest. Plasma norepinephrine was also corre- 
lated with the percent of light transmission (r = 0.49, 
p <0.05) at rest. 


Discussion 


Plasma catecholamines and platelet aggregation 
in hypertension: In our study patients with uncom- 
plicated primary hypertension demonstrated a greater 
platelet aggregability to adenosine diphosphate than 
did age-matched normotensive and healthy subjects (p 
<0.05). The slightly higher mean plasma catecholamine 
concentration in hypertensive than in normotensive 
subjects was not statistically significant, and this finding 
is in accord with some,'®!* but not all,!:? previous re- 
ports. It is generally assumed that circulating levels of 
catecholamines are maintained by catecholamines lib- 
erated from nerve terminals and are in proportion to the 
degree of sympathetic activity.!8 However, this as- 
sumption is not necessarily correct. because an increase 
in catecholamine concentration could represent in- 
creased release, decreased uptake or a decreased 
clearance from plasma. Thus, primary hypertension 
may be associated with an abnormality of catecholamine 
métabolism in local but critical sites that may not be 
reflected by measurable changes in plasma catechol- 
amines. !® 

Several in vitro® and in vivo® studies have demon- 
strated that catecholamines bring about platelet 
aggregation. In our study the increase in platelet 
aggregation in the hypertensive group, a phenomenon 
that has been reported by other investigators,2%?! may 
be asecondary phenomenon unrelated to plasma cate- 
cholamines. It is possible that chronic elevation in blood 
pressure in itself2? and turbulence of blood flow at 
certain areas may produce endothelial injury, which 
could lead to adherence and aggregation of platelets to 
the exposed connective tissue. Folts et al.?3 demon- 
strated increased platelet aggregability in dogs after 
induction of arterial stenosis. 

Effect of propranolol therapy: There is evidence 
that the antihypertensive effect of propranolol is 
dose-related and that administration of propranolol as 
the sole antihypertensive agent, in oral doses of 80 to 160 
mg/day, has a mild antihypertensive action.?4?5 In our 
study, administration of 240 mg/day of propranolol 
produced significant reductions in both systolic (p 


<0.05) and diastolic blood pressures (p <0.01) at rest; 
but did not prevent, as was expected,”®?’ the rise in 
blood pressure during exercise, although the absolute 
levels of blood pressure were lower during propranolol 
therapy than during the control period. Lamid and 
Wolff? failed also to show any significant effect on the 
change in blood pressure Curing isometric handgrip 
exercise in patients given therapeutic doses of hydro- 
chlorothiazide, guanethidine, reserpine or hydralazine, 
whereas Shapiro”? reported similar results in hyper- 
tensive patients subjected to the cold pressor test and 
psychologic stress. 

In our study, as in previous reports,2”29?! propranolol 
therapy was associated with a significant rise in both 
plasma norepinephrine (p <0.05) and epinephrine (p 
<0.02). This elevation in plasma catecholamine levels 
is probably related to the inhibitory effect of propran- 
olol on neuronal catecholamine binding (uptake) and 
possibly uptake into the platelets (uptakeg).3233 

Frishman et al.!! reported abnormal platelet aggre- 
gation to ADP and epinephrine in patients with angina ~ 
pectoris; this aggregation reversed to normal after 
propranolol therapy. In our study the administration 
of propranolol in patients with uncomplicated primary 
hypertension produced a significant decrease in platelet 
aggregation but did not prevent the increase in aggre- 
gation with exercise. 

Effect of discontinuing propranolol on platelet 
aggregation: In this study the sudden discontinuation 
of propranolol was not associated with any subjective 
adverse reactions or rebound hypertension, although 
these responses have been reported with other antihy- 
pertensive agents."4 Blood pressure gradually reached 
pretreatment levels in 48 hours in most of the patients, 
whereas plasma catecholamine concentration decreased 
slightly during this period. However, platelet aggrega- 
bility increased significantly when the drug was dis- 
continued. This increase in platelet aggregation may be 
attributed to catecholamines, although both plasma 
norepinephrine and epinephrine decreased rather than 
increased after sudden discontinuation of propranolol 
therapy. It is possible that long-term administration of 
propranolol may have decreased the pool of platelet 
receptors available to catecholamines. On rapid with- 
drawal of propranolol, an increased number of receptors 
might become available for occupancy by norepineph- 
rine and epinephrine, thus leading to a state of super- 
sensitivity, which accounts for the changes in platelet 
aggregability.°° A similar hyperaggregable state in 
platelet function 48 hours after propranolol therapy was 
reported by Frishman et al.3ê in patients with angina 
pectoris. 


References 


1. Louis WJ, Doyle AE, Anavekar S. Plasma norepinephrine levels 
in essential hypertension. N Engl J Med 1973, 288:599-601. 

2. DeQuattro V, Chan S. Raised plasma catecholamines in some 
patients with hypertension. Lancet 1972; 1:806-9. 

3. Nestel PJ. Blood pressure and catecholamine excretion after 


mental stress in labile hypertension. Lancet 1969; 1:692-4. 

4. Danta G. Pre- and post-operative platelet adhesiveness in pheo- 
chromocytoma. Thromb Diath Ha=morrh 1970; 23:189-90. 

5. Clayton S, Cross MJ. The aggregation of blood platelets by cate- 
cholamines and by thrombin. J Physiol (Lond) 1963; 169:82-5. 


324 February 1980 The American Journal of CARDIOLOGY Volume 45 





6: Haft Ji, Kranz PD, Albert FJ, Fani K. intravascular platelet 
“aggregation in the heart induced by norepinephrine. Circulation 
ooo 4972; 46:689~708. 

~ 7. Prichard BNC, Gillam PMC. Use of propranolol in treatment of 
hypertension. Br Med J 1964; 2:726-7. 
: cones FJ, Cowen KJ. Controlled trial of propranolol in hy- 
-pertension. Br Med J 1970; 1:47 1-4. 
Dorph S, Binder C. Evaluation of the hypotensive effect of beta- 
‘adrenergic blockade in hypertension. Acta Med Scand 1969; 
= 185443-8. 
0.: Thomas D. Effect of catecholamine on platelet aggregation caused 
> by thrombin. Nature 1967; 215:298-9. 
1E Frishman WH, Weksler.B, Christodoulou JP, Smithen C, Killip 
~~ T- Reversal of abnormal platelet aggregability and change in ex- 
ercise tolerance in patients with angina pectoris following oral 
propranolol, Circulation. 1977; 50:887-96. 
12.. Born GVR. Aggregation of blood platelets by adenosine diphosphate 
and its reversal. Nature. 1962; 194:827-9. 
143. Mustard JF, Hegardt B, Rowseli HC, Macmillan RL. Effect of 
adenosine nucleotides on platelet aggregation and clotting time. 
J Lab Clin Med 1964; 64:548-9. 
14. Vlachakis ND, Aledort L. Platelet aggregation in relationship to 
plasma catecholamines in patients with hypertension. Athero- 
‘sclerosis: 1979; 32:451--60. 
. Passon PG, Peuler JD. A simplified radiometric assay for plasma 
repinephrine and epinephrine. Anal Biochem 1973; 51:618- 





















E shristensen MS, Christensen: Nu. Plasma catecholamines in hy- 
_pertension. Scand J Clin Lab Invest. 1972; 30: 169-73. 
Lake CR, Ziegler MG, Coleman MD, Kopin I Age-adjusted plasma 
i ine levels are similar in normotensive and hypertensive 
“subjects. N Engl J Med 1977; 296:208-9. 
. DeChamipiain J, Farley L, Cousineau D, Ameringen MRV. Cir- 
culating catecholamine levels in human and experimental hyper- 
ee tension. Cir Res 1976; 38:109-14. 

19. Axelrod J. Catecholamines and hypertension. Clin Sci Mol Med 

: 1977; 51:4 18s-2 1s. 

20. Coccheri S, Fiorentini P; Platelet adhesiveness and aggregation 
in hypertensive patients. Acta Med Scand [Suppl] 1971; 525: 
273-5. 

21. Poplawski A, Skiruiska M, Niewiarowski S. increased platelet 
: adhesiveness in hypertensive cardiovascular disease. J Atheroscler 
Res 1968; 8:721-3. l 
22. Stehbens WE. The role of hemodynamics in the pathogenesis of 
atherosclerosis. Prog Cardiovasc Dis 1975; 18:89-103. 











23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 





HYPERTENSION AND PROPRANOLOL—VLACHAKIS AND. ALEDORT 


Folts JD, Crowell EB, Rowe GC. Piatelet aggregation in partially 
obstructed vessels and its elimination with aspirin. Circulation 1976; 
54:365-70. 

Nicotero JM, Beamer V, Moutsos SE, Shapiro AP. Effects of 
propranolol on the pressor responses to noxious stimuli in hyper- 
tensive patients. Am J Cardiol 1968; 22:657~-66. 

Waal HJ. Hypotensive action of propranolol. Clin Pharmacol Ther 
1966; 7:588-98. 

Ulrych M. Changes in general hemodynamics during stressful 
mental arithmetic and nonstressing quiet conversation and modi- 
fication of the latter by G-adrenergic blockade. Clin Sci 1969; 
36:453-61. 

Viachakis ND, Mendiowitz M. Effect of propranolol on blood 
pressure and plasma catecholamines in patients with hypertension 
(Abstr). Clin Res 1976; 24:523A. 

Lamid S, Wolff FW. Drug failure in reducing pressor effect of 
isometric handgrip stress test in hypertension. Am Heart J 1973; 
86:211-5. 

Shapiro AP. Pressor-response to noxious stimuli in hypertensive 
patients. Effect of reserpine and chilorthiazide, Circulation 1962; 
26:242-50. 

Luetold BE, Buehler FR, DaPrada M. Dynamic von plasma-ka- 
techolaminen und 6-adrenozeptor-Functionen. Schweiz Med 
Wochenschr 1976;.106:1735-8. : 
irving MH, Britton BJ, Wood WG, Padgham C, Carruthers M. Et- 
fects of B-adrenergi c blockade on plasma catecholamines in ex- 
ercise. Natura. 1974; 248:531-3, 

Foo JW, Jowett A, Stafford A. The effects of some (-adrenore- 
ceptor blocking drugs on the uptake and release of noradrenaline 
by the heart. Br J Pharmacol 1968; 34:141-7. 

Werner UJ; Wagner J, Schueman HJ. Beinflussung der Noradre- 
nalinabgabe aus isolierten Kaninchenherzen durch /)-Adrenolytica 
unter sympathischer Nervenreizung. Arch. Pharmakol 1971; 
268: 102-13. i 

Hansson L, Hunyor SN, Julius. S, Hoobler SW. Blood pressure crisis 
following withdrawal of clonidine with special reference to arterial 
and urinary catecholamines. and suggestions for acute manage- 
ment. Am Heart J 1973; 85:605-10. 

Lefkowitz:RJ. Biochemical properties of alpha- and beta-adren-. 
ergic receptors and their relevance to the clinician. Cardiovase 
Med 1977; 2:573-88. 

Frishman WH, Christodoulou J, Weksler B, Smithen C, Killip T, 
Scheidt S. Abrupt propranolol withdrawal in angina pectoris: effects 
on platelet aggregation ; and exercise tolerance. Am Heart J 1978: 
95:169-79. 


February 1980 The American Journal of CARDIOLOGY Volume 45-325 


EPIDEMIOLOGY 








Blood Pressure and Survival After Myocardial Infarction: 


The Framingham Study 


WILLIAM B. KANNEL, MD, FACC* 


PAUL SORLIE, MST 
WILLIAM. P. CASTELLI, MDH 
DANIEL McGEE, PhDÎ 


Framingham, Massachusetts 


From the Evans Memorial Department of Clinical 
. Research and the Department of Medicine, Boston 
University Medical: Center, Boston, Massachu- 
setts *: the National Heart, Lang, and Blood insti- 
tute; the National institutes of Health, Bethesda, 
Maryland’; and the Framingham Heart Disease 
Epidemiology Study, Framingham, Massachu- 
` setts.t This study was supported in part by Con- 
tracts NIH-NO1-HV-92922° and NIH-NO1-HV- 
82971, National Institutes of Health, Bethesda, 
Maryland. Manuscript received May 16, 1979; 
revised manuscript received July 3, 1979, ac- 
cepted August 1, 1979. 
Address for reprints: Wiliam B. Kannel, MD, 
Framingham Heart Study, 118 Lincoln Street, 
Framingham, Massachusetts 01701. 


Blood pressures were routinely obtained biennially from 2,336 men in the 
Framingham cohort over.a 20 year period of follow-up study. Ouring that 
time 193 men had their first myocardial infarction. Blood pressure after 
myocardial infarction was unrelated to survival over the next © years, but 
the blood pressure status preceding the infarction was distinetly related 
to survival, with hypertensive patients having almost three times the | 
mortality of normotensive patients. These results are explained by the 
two-fold greater risk of death incurred by hypertensive patients who had 
a substantial decrease in pressure after myocardial infarction compared 
with that of men who remained hypertensive. The greater the decrease 
in pressure after myocardial infarction the greater was the mortality. With 
exclusion of men who experienced a reduction of more than 10 mm Hg 
in pressure, men with hypertension after myocardial infarction had a 
five-fold greater risk of mortality than that of normotensive patients. 

A decrease in pressure with interim myocardial infarction eccurs fre- 
quently, ever: when the influence of age, treatment and regression toward 
the mean are taken into account. Men who experienced such reductions 
in pressure had a reduction in vital capacity (not statistically significant) 
and an increase in heart rate, thus suggesting that poorer myocardial 
function accounts for the greater mortality. 


Effective secondary prevention in patients surviving a myocardial in- 
farction requires some knowledge of the factors that influence their 
prognosis. Sach factors are being discerned, but the evidence is still far 
from consistent.! It is agreed that the extent of damage to the myocar- 
dium and the severity of obstruction of the coronary arteries are im- 
portant determinants of survival.! The influence of hypertension, a major 
established risk factor for initial myocardial infarction, remains in 
doubt. 

In this report we examine the prognosis after myocardial infarction 
in relation tc blood pressure before and after the event, taking into ac- 
count the change in pressure with interim infarction. Comperisons are 
made with the prognosis after uncomplicated angina pectoris and the 
differences and similarities are noted. 


Methods 


The Framingham Heart Study: This study has followed up a cohort of 5,209 
men and women for 20 years with biennial exammations at the Framingham 
Study Clinic. Each examination included an extensive cardiovascular history: 
and physical examination, an electrecardiogram, various blood chemistry de- 
terminations and measurements of blood pressure, vital capacity and other 
physical variables. Morbidity and mortality were continuously monitored by 
hospital surveillance, contact with the Department of Vital Statistics for death 
certification and communication with family physicians and relatives. Less than 
2 percent of the cohort has been completely lost to follow-up. 
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Systolic and diastolic blood pressure readings were taken 
from the left arm with a mercury sphygmomanometer while 
the subject was seated. Measurements were expressed in 
millimeters of mercury and were recorded to the nearest even 
number. Subjects were considered to have hypertension when 
two pressures on an examination were found to exceed 160/95 
mm Hg. Those with pressures consistently below 140/90 mm 
Hg were designated normotensive, and the rest were judged 
to have borderline hypertension. 

Patients with myocardial infarction: During the 20 year 
follow-up period, 193 men and 53 women had a recognized 
myocardial infarction and were eligible for prognostic fol- 
low-up study. Fifty-two additional episodes of infarction that 
occurred late in the study—that is, between examinations 10 
and 11—were not included because of the short follow-up time 
available. A recognized myocardial infarction was one that 
satisfied the criteria (unequivocal electrocardiographic change 
or elevated serum enzyme levels) and produced symptoms 
severe enough for the victim to request medical assistance. 
Because of the small number of women with myocardial in- 
farction, only the prognosis for men is considered in this re- 
port. Prognostic analysis was performed on the 193 men who 
had an infarction between 1950 and 1970. Their ages ranged 
from 33 to 76 years. Analyses that required survival and 
completion of the next examination (for example, hyperten- 
sion both before and after myocardial infarction) used a 
sample of 135 men with myocardial infarction. The coronary 
events recorded (myocardial infarction or angina pectoris) 
could have occurred at any time in the 2 year period between 
examinations. 

Angina pectoris was diagnosed on the basis of symptoms 
alone when two examiners agreed on the nature of the com- 
plaint. The symptom complex accepted as angina consisted 


‘of transient substernal distress, brought on by exertion or 


excitement, relieved by rest or nitroglycerin and not occurring 
while the patient was quiet and resting. 

Survival analysis: To measure and test for the association 
between survival after a myocardial infarction and levels of 
a characteristic, the method of combining contingency tables 
at each level of follow-up was used. This procedure is de- 
scribed in detail by Hankey and Myers? and by Breslow.3 For 
each level of the characteristic (for example, systolic blood 
pressure), the observed number of deaths and an expected 
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FIGURE 1. Mortality after uncomplicated angina pectoris (AP). BORD. 
= borderline hypertension; DEF. = definite hypertension; N = number 
of subjects; Normal = normal blood pressure; p = probability. 
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number of deaths based on an hypothesis of no association 
were calculated. The ratio of observed to expected deaths is 
presented as a descriptive statistic of the excess mortality 
associated with the level of systolic pressure. The observed 
and expected number of deaths were aggregated over age- 
specific strata, thus giving age-adjusted ratios. A chi square 
statistic was calculated to test whether the regression of excess 
mortality on the levels of the characteristic is statistically 
significant from 0. 


Results 


Angina pectoris: In men with angina pectoris, a clear 
relation of blood pressure to subsequent mortality was 
evident. Subjects who had hypertension after angina 
became clinically manifest had four times the mortality 
of those who were entirely normotensive (Fig. 1). Even 
those with borderline hypertension after the onset of 
angina had a mortality double that of normotensive 
patients. Hypertension before the development of an- 
gina was also associated with excess 5 year mortality 
(seven-fold). A change in blood pressure after interim 
development of angina pectoris was not significantly 
related to mortality (Fig. 1). 

Myocardial infarction: The picture was quite dif- 
ferent for myocardial infarction. Blood pressure after 
recovery from an initial myocardial infarction was un- 
related to subsequent survival for 5 years (Fig. 2). 
However, blood pressure preceding the myocardial 
infarction was distinctly related to survival, with hy- 
pertensive men having almost three times the mortality 
of normotensive men. This mortality does not include 
the early mortality in the 1st month after an infarction 
but does include all other deaths in the 5 years after 
infarction. These results suggest that the blood pressure 
after a myocardial infarction may be affected by the 
event itself, a hypothesis borne out by an examination 
of mortality in relation to change in blood pressure with 
an interim myocardial infarction. A hypertensive man 
who is no longer hypertensive after infarction is twice 
as likely to die within 5 years as a hypertensive man who 
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FIGURE 2. Mortality after recognized myocardial infarction (MI). Ab- 
breviations as in Figure 1. 
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TAELE | 


Mean Systolic Blood Pressure (SBP) Before and After a 
Recognized Myocardial Infarction (Ml) (men, aged 33 to 76 
years at infarction) 

















Standard 
Deviation 
n Mean SBP of SBP 
All Men With MI 
Before MI 135 143.9 21.5 
After Mi 135 133.8 22.0 
Men With MI Excluding Those Taking Antihypertensive Drugs 
Before MI 112 139.7 18.5 
After Mi 112 132.5 20.1 





shows no change in blood pressure status (Fig. 2). The 
greater the reduction in blood pressure after recovery 
from infarction, the greater was the observed mortality 
over the ensuing years. The association between a 
change in systolic blood pressure and death holds even 
when the antecedent level of pressure and antihyper- 
tensive treatment are taken into account. 

When a man has a myocardial infarction, there is an 
average decrease in systolic blood pressure of 10.1 mm 
Hg between the exemination performed before the 
event and the examination performed an average of 2 
years after that examination and an average of 1 year 
after the infarction (Table I). This decrease compares 
witha slight average increase in systolic blood pressure 
of 1.6 mm Hg in men who did not sustain a myocardial 
infarction. The increase in systolic blood pressure of 1.6 
: -mm Hg over 2 years tends to be uniform for all ages in 
the range of 40 to 70 years. When patients receiving 
‘antihypertensive drugs are omitted, the average de- 
crease with interim myocardial infarction is 7.2 mm Hg. 
The decrease in pressure considered in this study is a 
sustained decrease and not the transient reduction often 
noted in the acute stage of myocardial infarction. 

In part, the substantial reduction in systolic pressure 
after myocardial infarction, when a slight increase 
would be expected in the normal course of events, might 
be explained by the statistical phenomenon of regres- 


- TABLE Il 


‘Number of Men With Myocardial Infarction (Ml) Classified 
by Blood Pressure Status* Before and After Infarction 
(Framingham study: men, aged 30 to 62 years at entry) 





Blood Pressure Status at 
Examination Before MI 


Blood Pressure Status at 
Examination After MI 








Status Men (n) Normal Borderline High 
Normal 41 35 2 4 
Borderline 39 14 14 11 
High: 55 23 10 22 





Normal = blood pressure less than 140/80 mm Hg; High = blood 
pressure equal to or greater than 160/95 mm Hg; Borderline = all 
others: 





sion toward the mean, because persons who have a 
myocardial infarction have pressures above average; 
that is, given a high initial value, subsequent values on 
reexamination tend to be closer to the mean for the 
entire study group and hence lower. An estimate of the 
reduction in systolic blood pressure due to regression 
to the mean can be made using the correlation between 
measures of systolic blood pressure at two examinations 
and the means and standard deviations of the group. 
The systolic blood pressure in the patients with a 
myocardial infarction would be expected, on the aver- 
age, to decrease approximately 2 mm Hg because of 
regression to the mean. 

Weight measured after a myocardial infarction also 
tended to be lower than that before the infarction. 
There was an average reduction of 2.66 kg in the 2 years 
spanning an infarction. The known association between 
change in weight and change in blood pressure is not 
large enough to account for the decrease (7.2 mm Hg) 
in systolic blood pressure (SBP). If one uses the re- 
gression equation ASBP = 1.58 + 0.375 (A wt), a loss of. 
2.66 kg (A weight is negative) accounts for a decrease 
in blood pressure of less than 1 mm Hg. 

Hypertension before versus after myocardial 
infarction: An examination of the subjects with myo- 
cardial infarction according to their “hypertensive 
status” before and after the infarction revealed that 10 
of 55 men with definite hypertension had a change in 
classification to borderline hypertension 2 years later, 
and an additional 23 had a change to normotensive 
status (Table H). This means that 60 percent of hy- 
pertensive men had normal or borderline hypertension 
after the infarction. Over a similar 2 year time span only 
about one third of hypertensive men in the Framingham 
cohort without a myocardial infarction were classified 
as normotensive or having borderline hypertension. 

Thus, blood pressure after myocardial infarction 
appears to be a pcor prognosticator of survival because 
the group with low pressure includes some subjects who 
have a decrease in pressure as a result. of myocardial 
infarction. When men who experienced a substantial 
decrease in pressure (that is, greater than 10 mm Hg) 
are excluded, blood pressure status is related to mor- 
tality (Table HI). This is also true when an adjustment 
is made for change in blood pressure throughout its 
range of increase or decrease. 

Formal statistical analysis assessing the regression 
of mortality on change in systolic blood pressure and on 
the observed levels of pressure before the infarction 
indicates a statistically significant impact of change in 
blood pressure on mortality if one takes the initial blood 
pressure reading into account. Thus, the prognosis as- 
sociated with a reduction in pressure is poor at all levels 
of initial pressure. 

Myocardial state related to decrease in blood. 
pressure: The higher the initial pressure the more likely 
it was to decrease after myocardial infarction (Table 
TV). Those who experienced a decrease in blood pressure 
tended to have a more rapid heart rate, which is related 
to risk of cardiac failure. These findings and the un- 
changed mortality when a decrease in pressure occurred 
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after uncomplicated angina suggest that myocardial 
damage explains the adverse effect of a reduction in 
< pressure. Our data were too sparse to assess the relation 
-Of congestive heart failure to a decrease in blood pres- 
sure. The product of systolic pressure and heart rate 
after myocardial infarction was also unrelated to 
prognosis after myocardial infarction. 
Subjects with unrecognized or silent myocardial in- 
farction may be judged to have sustained a milder at- 
— tack than those who are symptomatic. Such subjects 
_ had asignificantly less pronounced reduction in blood 
< pressure than that of subjects with an overt infarction 
(a reduction of only 2 mm Hg insystolic blood pressure 
was observed). This smaller reduction occurred al- 
though these subjects had slightly higher pressures and 
greater age, a finding that again suggests that myocar- 
dial damage is the most likely explanation for the de- 
crease in blood pressure after an infarction. 







Discussion 


Previous studies on influence of hypertension on 
prognosis after myocardial infarction: Studies to 
date have not provided consistent results on the im- 
ottance of hypertension as a determinant of survival 
ice a myocardial infarction has occurred. Some stud- 
ies l! appear to indicate that it is an important pre- 
dictor. of subsequent mortality: others!*-?5 appear to 
refute such a role. These inconsistencies probably stem 
from failure to take into account the change in pressure 
sometimes resulting from infarction and its prognostic 
import. Thus, Norris et al." reported that chronic sys- 
temic hypertension did not influence mortality for 
several years after infarction, although on later follow- 
up it was related to survival, especially in those with an 
otherwise good prognosis. The early mortality was 
probabiy adversely influenced by those who had a de- 
crease in blood pressure reflecting a badly damaged 
myocardium. 
Most studies of blood pressure after infarction have 
had to rely on measurements obtained during hospi- 
- talization for the acute event!?-!87!-23 or only on a his- 
_-tory of prior pressures. When such antecedent pressures 
“were objectively and routinely obtained, a relation to 
| prognosis after myocardial infarction has been dem- 
_ onstrated, as in the Framingham study.® The Göteborg 
_ study*4 also found a relation of antecedent blood pres- 
sure to short-term prognosis. 

Rabkin et al.‘ specifically studied change in blood 
pressure with interim myocardial infarction. They 
found that a change was significantly related to prog- 
nosis, but in multivariate analysis the level to which the 
pressure changed was judged more important than the 
change itself. Evan? also found that a decrease in 
pressure was associated with a poor short-term prog- 

Jeo nosis. 
here are many reasons why a high pressure should 
© be-associated with a poor prognosis after a myocardial 
_ infarction. Blood pressure would continue to accelerate 
the process of coronary atherogenesis and place an in- 
creased work load on a myocardium with an already 
-compromised coronary circulation. A decrease in pres- 
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TABLE Ill 


Mortality by Blood Pressure Status* After Myocardial 
Infarction (Framingham study: 20 year follow-up) 





5 Year Mortality Ratios 








Excluding 
Persons 
With 
Pressure 
Reduction Adjusted for 
Blood Pressure Status All of Change in 
After Myocardial Sub- 10 mm Hg Systolic 
Infarction jects or More Blood Pressure? 
Normal 0.98 0.25 0.87 
Borderline 0.93 0.99 1.00 
High 1.16 1.97 1.56 
Significance NS p = <0.05 p= <0.05 
of trend. 





* Normal = blood pressure less than 140/90 mm Hg; High = blood 
pressure equal to or greater than 160/95 mm. Hg; Borderline = ail 
others. 

1 Adjusted for.change in pressure with interim myocardial infarction 
by aggregating over change-specific strata of pressure.? 

NS = not significant; p = probability. 


sure with interim infarction probably indicates deteri- 
oration of myocardial function as a result of infarction; 
which in turn explains the poor prognosis associated 
with infarction. Studies to document this hypothesis by 
direct investigation of myocardial function in relation 
to a reduction in blood pressure and infarct size seem 
indicated. 

Implications of findings in Framingham study: 
Whatever the cause of the poor prognosis, the data- 
imply that a high blood pressure after myocardial in- 
farction is associated with an increased risk of early 
death and that a reduction in pressure is of ominous 
import, suggesting a severely damaged myocardium. 
Confusion about the role of blood pressure in prognosis 
after myocardial infarction derives from failure to 
separate subjects whose blood pressure is low as a result 
of a decrease in pressure due to severe myocardial 
damage from subjects who have always had a low level 
of pressure. 


TABLE IV 


Correlation Between Change in Systolic Blood Pressure* 
After Myocardial Infarction and Selected Factors 
(Framingham study: 20 year follow-up) 





Change in Systolic 





Pressure Versus: r p 
Age —0.10 NS 
initial systolic pressure —0.44 < 0.05 
Vital capacity/height change +0.16 NS 
Heart rate change 0.25 < 0.06 
Heart size change —0.06 NS 
Weight change +0.22 <005 





* Change in systolic blood pressure. A decrease in pressure hasa ` 
minus sign, a rise in pressure a plus sign. 
NS = not significant; p = probability. 
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-. The data suggest the following: (1) Persons who 
sustain a substantial reduction in blood pressure after 
-amyocardial infarction need investigation for incipient 
heart failure and might benefit from therapy for failure, 
although they may have no overt symptoms at the time. 
(2) Physicians should keep careful records of blood 
pressure so that if an infarction occurs there will be 
isome baseline against which to compare postinfarction 
pressures. (3) Because of the relation between blood 
pressure after infarction and survival, it is possible that 
therapeutic control of elevated pressures might improve 





survival. A reeent report by Stewart?® on a mixed pop- 
ulation sample implied that it is dangerous to lower 
pressures below 100 mm Hg diastolic. If this observation 
is correct, then it might be particularly dangerous to 
reduce further blood pressure that has already de- 
creased markedly after.an infarction although it has 
remained above normal. However, reducing the pressure 
might be beneficial if it reduces the cardiac work load 
without impairing myocardial perfusion. Only a trial 
that takes inte account change in pressure with interim 
infarction could settle this issue. 
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Comparative Hemodynamic Effects of Converting Enzyme 
Inhibitor and Sodium Nitroprusside in Severe Heart Failure 


in nine patients with severe congestive heart failure, the acute response 
to the infusion of a nonspecific vasodilator, sodium nitroprusside, was — 
compared with the infusion of the converting enzyme inhibitor, teprotide _ 
(SQ 20, 881). The hemodynamic effects were similar. Nitroprusside and 
teprotide increased cardiac index 24 and 20 percent, respectively, re- 
duced mean arterial pressure 11 and 14 percent and pulmonary wedge a 
pressure 21 and 24 percent, and produced no significant change in heart 
rate (—0.5 and —0.7 percent). Arterial partial pressure of oxygen de- 
creased in response to nitroprusside infusion from 75.8 + 4.1 1065.44 © 
3.2 mm Hg (p <0.05) but did not change in response to teprotide infusion. 
(77.0 + 4.5 before and 76.3 + 3.0 mm Hg after). Circulating norepi-. 
nephrine levels were lowered in response to both agents in spite of the | 
decrease in mean arterial pressure (nitroprusside 754 + 126 to 580 + 
82 pg/ml, p <0.05; teprotide 807 + 136 to 518 + 92 pg/ml, p <0.05). 
Although the control plasma renin activity did not correlate closely with 
the hemodynamic response to either agent in this small series, this level. i 
did correlate directly with the dose of nitroprusside required to produce 
the desired hemodynamic response. 

Therefore, converting enzyme inhibition produces an acute hemody- 
namic response in severe congestive heart failure comparable with that 
of sodium nitroprusside with less detrimental acute effect on pulmonary 
oxygen transport. Long-term oral therapy with converting enzyme inhibitor 
deserves evaluation in congestive heart failure. 


Recent studies have shown that the converting enzyme inhibitor 5Q 
20,881 (teprotide) exerts a vasodilator effect and improves left ventric- 
ular performance in clinical! and experimental’ congestive heart failure, _ 
in both hypertensive and nonhypertensive states. The vasodilator effect. 
appeared to be related at least in part to activity of the renin-angiotensin 
system as assessed from plasma renin activity. Thus, the hemodynamic 
effects of converting enzyme inhibitor might be expected to be most 
prominent on vascular sites most sensitive to angiotensin. However, 
converting enzyme inhibitor also enhances the activity of bradykinin. 
and therefore its effect may also be due to mechanisms other than an- 
giotensin inhibition. 
Sodium nitroprusside, a nonspecific vasodilator with a balanced effect 
on arterial and venous smooth muscle,* has been widely used to treat- 
severe congestive heart failure.® In this study we compared the acute- 
effects of converting enzyme inhibitor and nitroprusside in a series of- 
patients with severe congestive heart failure. In particular we compared = 
the effects on hemodynamics, arterial blood gases and plasma cate- _ 
cholamine levels. We also attempted to assess the importance of the — 
renin-angiotensin system as a determinant of the response to these two. a 
agents. a 
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Methods 


“Patients: Nine patients admitted to the hospital with se- 
-yere congestive heart. failure who had been judged to have 
-received optimal therapy with cardiac glycosides and diuretic 
-drags during hospitalization were studied. All patients had 

cardiomegaly at the time-of study and all had pulmonary or 


- “venous congestion, or both, during the initial part of their 


hospitalization, At the time of study all patients were in New 
York Heart Association functional class III or IV® in spite of 
therapy. The catise of heart disease was either ischemic heart 


_ © disease or cardiomyopathy. Diuretic drugs and vasodilators 


‘were withheld for at least 24 hours before study. The study 
-protocol was approved by the University Committee on the 


i -Use of Human Subjects in Research. Informed consent was 


~ obtained from all subjects. 


ee Procedures: All patients were studied in the fasting state 


- and in the supine position. Right heart catheterization was 


TABLE | 








performed by passing a no. 7 thermodilution Swan-Ganz 
flow-directed balloon-tipped catheter (Edwards Laboratories, 
Santa Ana, California) into the pulmonary artery from an 
antecubital vein. The brachial artery was cannulated with a 
short Teflon® catheter edvanced over an 18 gauge thin-walled 
needle: Pressures were monitored with P23d Statham or Bell 
and Howell pressure transducers positioned at the mid axillary 
line and a Hewlett-Packard multichannel direct writing re- 
corder. An electrocerdiographic lead was monitored contin- 
uously during the study. 

After the catheters were positioned, the patients were al- 
lowed to rest for 1 hour before baseline data were obtained. 
Right atrial pressure, pulmonary arterial free and occluded 
pressures and artérial pressure were recorded. Cardiac output 
was determined in triplicate with the thermodilution. tech- 
nique’ using an Edwards 9510 thermodilution cardiac output 
computer. Repeated individual measurements by this tech- 
nique vary by less than 15 percent and average values vary by 











* p < 0.05 compared with control. 
t p < 0.05 compared with recontrol. 


Hemodynamic Response to Sodium Nitroprusside and Teprotide in Nine Patients With Congestive Heart Failure 
Case Condition Ci HR MAP SVR PWP PAR RAP 
1 Control 1.8 75 93 1656 22 491 18 
Nitroprusside 2.3 71 80 1558 15 480 13 
Recontrol 1.9 71 90 1841 22 583 19 
Teprotide 1.9 74 83 1285 18 433 17 
2 Control 3.4 63 87 1052 16 77 6 
Nitroprusside 3.5 67 85 1059 7 109 3 
Recontrol 2.7 64 90 1423 20 65 3 
Teprotide 3.1 68 83 4154 3 96 4 
3 Control 2.9 82 87 1247 $3 315 hart 
Nitroprusside 3.1 82 75 995 32 212 sha 
Recontroi 2.4 79 90 1535 28 461 ae 
Teprotide 3.3 85 63 790 22 226 lines 
4 Control 1.6 75 82 1774 25 354 15 
Nitroprusside 1.9 66 75 1164 20 193 9 
Recontrol 1.5 77 85 1581 24 450 15 
Teprotide 1.8 71 68 1272 16 240 10 
5 Control 1.6 97 90 _ 2397 39 698 15 
Nitroprusside 2.6 91 75 1333 23- 314 7 
Recontrol V7 96 93 2351 32 677 16 
Teprotide 1.7 92 88 2176 30 §33 12 
6 Control 1.9 67 80 1759 19 182 13 
Nitroprusside 2.6 68 73 1253 19 77 8 
Recontrol 2.1 71 78 1469 23 212 “45 
Teprotide 2.6 65 70 1175 18 176 8 
7 Control 1.8 86 70 1449 25 232 8 
Nitroprusside 2.3 90 75 1266 18 165 6 
Recontrot 1.5 86 85 2056 23 221 12 
Teprotide 2.2 85 78 1385 20 176 7 
8 Control 2.0 66 75 1520 39 438 13 
Nitroprusside 2.6 68 55 866 30 240 8 
Recontro! 2.3 70 78 1340 39 398 44 
Teprotide: 2:2 69 63 4124 30 368 ti 
9 Control 17 61 80 1772 25 197 8 
“Nitroprusside 2.3 69 70 1213 16 217 3 
Reconitro! 19 65 75 1333 25 219 14 
Teprotide 2.3 65 63 $69 7 194 8 
Mean +.SEM Control 2.14 0.2 74.7 + 4.0 82.7424 1625 + 128 260 + 24 332 + 63 12.0 + 1.5 
Nitroprusside 2.6.+ 0.2° 74.443.3 73.6 + 2.7* 1190 + 67* 205 + 2.7* 223 + 40° 7.1 £ 1.2* 
Recontrol 20 +40.1 75.4 £3.4 84.9 + 2.3 1659 1417 26.2 + 2.1 365 + 66 13.54 1.7 
Teprotide 2.4 + 0.27 74.8 + 3.3 73.2 + 3.57 1259 + 1297 20.9 + 2.07 2714 477 9.6 + 1.47 





No significant difference between control and recontrol for any hemodynamic variable, 

No significant difference between nitroprusside end-point and teprotide end point for any hemodynamic variable. 

Cl = cardiac index (liters/min per m°} HR = heart rate (beats/min); MAP = mean arterial pressure (mm Hg); PAR = mean pulmonary arteriolar 
resistance (dynes sec cm5}, PWP = mean pulmonary wedge pressure (mm Hg); RAP = mean right atrial pressure (mm Hg): SVR = mean systemic 


vascular resistance (dynes sec cm). 
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less than 10 percent. Blood specimens were obtained for the 
= Mneasurement of plasma renin activity by the radioimmuno- 
assay method of Sealey et al. and plasma catecholamine levels 
-by radioenzymatic assay (CAT-A-KIT,® Upjohn Company, 
Kalamazoo, Michigan). Duplicate measurements of norepi- 
ephrine by this method in our laboratory have a coefficient 
f variation of 8.3 percent. Arterial blood was obtained from 
he brachial artery cannula for determination of pH, partial 
pressure of carbon dioxide and oxygen saturation, 
Protecol: After baseline measurements were made, an 
“infusion of nitroprusside (Nipride®, Hoffmann-La Roche 
Incorporated, Nutley, New Jersey) was begun through a pe- 
ripheral venous cannula starting at a dose of 10 yg/min with 
increases of 10 ug/min every 5 to 10 minutes. The infusion rate 
was increased until either pulmonary wedge pressure de- 
creased by 40 percent. below the control value or systolic ar- 
terial pressure decreased to less than 90 mm Hg. At this point 
all measurements made in the baseline period were re- 
peated. 

The patients were allowed to recover for 1 hour after the 
infusion of nitroprusside was discontinued. All baseline 
measurements were repeated. Teprotide (SQ 20, 881, The 
Squibb Institute, Princeton, New Jersey) was diluted in sterile 
water and injected intravenously over 1 minute at a dose of 
25 mu/kg. Pressures were monitored for 30 minutes. If the 
hemodynamic end point described for nitroprusside had not 
been reached, additional doses were given every 30 minutes 
using 0.5 and 1 mg/kg and a maximum of 2 mg/kg. Thirty 
minutes after each dose all measurements were repeated. 
< Mean intravascular pressures were obtained by electronic 
integration and the following measurements were calculated: 
Systemic vascular resistance (SVR) = 80 (MAP — RAP)/CO; 
pulmonary vascular resistance (PVR) = 80 (PAP)/CO; pul- 
monary arteriolar resistance (PAR) = 80 (PAP — PWP)/CO, 
where AP = mean arterial pressure, CO = cardiac output, 
PAP = mean pulmonary arterial pressure, PWP = mean 
pulmonary wedge pressure, and RAP = mean right atrial 
pressure. 
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FIGURE 1. Change from hemodynamic values at rest produced by ni- 
troprasside (NP) and teprotide (TEP) in nine patients with congestive 
néart failure. The response to the two agents was similar. NS = not 
significant. 
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Statistical analysis was performed by using paired ¢ tests 
and Pearson’s coefficient of correlation. Data are presented. 
as mean + standard error of the mean. 


Results 


Hemodynamic responses: The hemodynamic re- 
sults before and after treatment with nitroprusside and 
teprotide are shown in Table I. There was no significant 
difference between the hemodynamic values in the 
control periods before infusion of nitroprusside and 
before administration of teprotide. None of the patients- 
were hypertensive; all had elevated pulmonary wedge 
pressure. Cardiac index was below the normal range in 
most patients, averaging 2.1 + 0.2 liters/min per m? 
before nitroprusside and 2.0 + 0.2 before converting 
enzyme inhibitor. 

The maximal hemodynamic response to nitroprusside 
and to teprotide was similar (Table I, Fig. 1). Cardiac- 
index increased significantly with both drugs (0.5 He - 
ters/min per m? or 24 percent with nitroprusside, p 
<0.001, and 0.4 liters/min per m? or 20 percent with 
teprotide, p <0.01). Heart rate was not changed by ei- 
ther agent. At peak effect, there was a significant and 
equivalent decrease in mean arterial pressure, systemic 
vascular resistance pulmonary wedge pressure, pul- 
monary arteriolar resistance and right atrial pressure. 
In this small group of patients there was no relation 
between baseline plasma renin activity and the response _ 
of any hemodynamic variable to infusion of either ni- 
troprusside or converting enzyme inhibitor. 

Renin activity: The baseline renin activity showed 
a significant correlation with the dose of nitroprusside 
necessary to attain the hemodynamic end point (dose 
of nitroprusside = 1.677. plasma renin activity + 61.11, 
r = 0.60) (Fig. 2). The amount of teprotide necessary to 
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Plasma Renin Activity (ng/mi/h } 
FIGURE 2. Effect of control plasma renin activity (PRA) on the dose of 
sodium nitroprusside (NP) and teprotide required to produce the desired 
hemodynamic response. The dose requirement for nitroprusside waso 
directly related to the control level or plasma renin activity whereas that 
for teprotide tended to be lower when plasma activity was in- 
creased. 
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produce the hemodynamic end point did not relate 
closely to plasma renin activity. However, the two pa- 
tients who required the maximal dose of converting 
enzyme inhibitor had a plasma renin activity of less than 
5 ng/ml per h whereas the three patients with a plasma 


-` renin activity greater than 20 ng/ml per h all responded 


to a dose of 1 mg/kg or less (Fig. 2). 

Plasma renin activity was 11.5 + 4.0 ng/ml per h be- 
fore teprotide and 10.6 + 6.9 ng/ml per h before nitro- 
prusside (difference not significant). At the time the 
hemodynamic measurements were made, plasma renin 
activity increased to 34.0 + 15.6 ng/ml per h in response 
to teprotide (p <0.05 compared with control value) but 
did net change in response to nitroprusside (10.5 + 3.1 
ng/ml per h). 
` Arterial partial pressure of oxygen (P02) (Fig. 
3): This value was not significantly different in the two 
control periods (75.8 + 4.1 mm Hg before nitroprusside 
and 77.0 + 4.5 before teprotide). Arterial POs decreased 
to 65.4 + 3.2 mm Hg with maximal nitroprusside infu- 
sion (p <0.01 compared with control PO2) and did not 
change with the maximal dose of teprotide (76 + 3.0 mm 


Hg). The difference between PO: at peak nitroprusside 


effect and peak teprotide effect was significant (p 
<0.025). There was no change from the control value in 
arterial pH or PCO» with either agent. 

Plasma norepinephrine levels (Fig. 4): The control 
levels were 754 + 126 pg/ml! before nitroprusside and 
807 + 136 before converting enzyme inhibitor (differ- 
ence not significant). At peak nitroprusside response 
the plasma norepinephrine level decreased to 580 + 82 
pg/ml (p <0.05 compared with control values) in spite 
of a 10 percent average decrease in mean arterial pres- 
sure. At peak converting enzyme inhibitor response, 
plasma norepinephrine level decreased to 518 + 92 
pg/ml (p <0.05 compared with control values) in spite 

- of a 14 percent average decrease in mean arterial pres- 


gure. There was no significant difference between the 


plasma norepinephrihe levels at the hemodynamic end 
-point after administration of nitroprusside and con- 
verting enzyme inhibitor. 
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FIGURE 3. Response of arterial Pa. to infusion of sodium nitroprusside 
and teprotide. Nitroprusside lowered arterial Po. whereas teprotide 
produced little effect on arterial Poo. NS = not significant; p = proba- 
bility. 





Discussion 


Converting enzyme inhibitor versus nitroprus- 
side: Our data show that the acute administration of 
converting enzyme inhibitor to normotensive or mildly 
hypotensive patients with severe congestive heart fail- 
ure produces essentially the same hemodynamic 
changes as those achieved by infusion of nitroprusside. 
Vasodilators may exert their effect either on the pe- 
ripheral arterial or venous vasculature. In patients with 
heart failure arteriolar dilation leads to an increase in 
cardiac output where venous dilation contributes to a 
decrease in left ventricular filling pressure or pulmonary 
wedge pressure.*° 

In this study, as in previous studies, both nitroprus- 
side and converting enzyme inhibitor produced effects 
on the arterial and venous vasculature, as manifested 
by the similar increases in cardiac output and reductions 
in pulmonary wedge pressure. Consequently, converting 
enzyme inhibitor therapy, similar to nitroprusside 
infusion, has the advantages cf a balanced vasodilator 
response that has also been observed with the combi- 
nation of hydralazine and isosorbide dinitrate®!° and 
with prazosin.!? 

Mechanism of action of converting enzyme in- 
hibitor in congestive heart failure: The mechanism 
remains somewhat speculative. Because circulating 
angiotensin II levels decrease," it is attractive to at- 
tribute the effect of converting enzyme inhibitor to 
blockade of conversion of angiotensin I to angiotensin 
II. Indeed, previous studies in congestive failure have 
shown a relation between pretreatment plasma renin 
activity and the decrease in systamic vascular resistance 
and in mean arterial blood pressure induced by infusion 
of converting enzyme inhibitor.!~ These data suggest 
that the renin-angiotensin system has a role in sup- 
porting systemic vascular resistance and blood pressure 
in some patients with congestive heart failure. In the 
present study involving only nine patients, a significant 
relation between baseline plasma renin activity and the 
response to converting enzyme inhibitor could not be 
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detected. Whether this finding relates to the small 
sample size, to a relatively small role for the renin- 
angiotensin system in the response to converting en- 
zyme inhibitor or to inadequacy of plasma renin activity 
as a guide to activity of the renin-angiotensin system in 
these patients cannot be determined. Because con- 
:  verting enzyme inhibitor also inhibits the breakdown 
of bradykinin,!® increased bradykinin levels could have 
contributed to the vasodilation. 
© > Role of plasma renin activity: An unanticipated 
-finding was that the dose of nitroprusside needed to 
produce the prescribed hemodynamic effect was related 
to the plasma renin activity level before treatment. This 
finding suggests that when angiotensin is an important 
factor in the vasoconstriction of heart failure a larger 
dose of a nonspecific vasodilator such as nitroprusside 
may be needed to produce vasodilation. A corollary 
would be that the patients with increased renin activity 
respond to a smaller dose of converting enzyme inhibi- 
tor. Although the required dose of teprotide tended to 
-be larger if the level of plasma renin activity was low, 
s relation was weak. However, in our study teprotide 
yas not titrated as was nitroprusside and, furthermore, 
je dose-response curve for converting enzyme inhibitor 
is very flat. Increased doses of this agent tend only to 
rolong the duration of effect rather than to augment 
o peak effect. 214 
-Role of pulmonary vasodilation versus pulmo- 
nary vasoconstriction: Converting enzyme inhibitor 
in this study produced no significant change in arterial 
PO in patients with heart failure, whereas previous 
studies?®16 showed that nitroprusside produced a sig- 
nificant decrease in arterial PO2. The hypoxemia during 
nitroprusside infusion has been attributed to pulmonary 
vasodilation as reflected by a decrease in pulmonary 
arteriolar resistance. This pulmonary vascular effect 
appears to result in an increased venous admixture by 
allowing increased perfusion to poorly ventilated al- 
veoli.!®!7 Other agents such as phentolamine,!® ace- 
_tylcholine!® and nitroglycerin” that also reduce pul- 
monary arteriolar resistance have been shown to de- 
crease arterial POs. In contrast, hydralazine has a lesser 
- effect on pulmonary arteriolar resistance in patients 
with congestive heart failure and does not decrease ar- 
terial Pos.!® On the basis of these observations the re- 
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sponse to converting enzyme inhibitor appears para- 
doxic, because it decreased pulmonary arteriolar re- 
sistance but did not induce hypoxemia. Thus, the pul- 
monary vasodilator effect of converting enzyme inhib- 
itor may be different from that of the nonspecific va- 
sodilators. Perhaps the vasodilator effect of converting 
enzyme inhibitor predominates in well ventilated areas 
of the lung and leaves the hypoxia-mediated vasocon- 
striction uninhibited. Because angiotensin II is not a 
potent pulmonary vasoconstrictor,) the pulmonary 
vasodilator effect of converting enzyme inhibitor may 
result from a mechanism other than inhibition of an- 
giotensin II generation. 

Role of circulating norepinephrine: The mecha- 
nism of the decrease in circulating norepinephrine levels 
after treatment with nitroprusside and converting en- 
zyme inhibitor is unknown. As has been shown previ- 
ously in patients with congestive heart failure treated 
with various vasodilators. the reduction in arterial: 
pressure does not induce the expected increase in heart 
rate or plasma catecholamine levels.*2 Although con- 
verting enzyme inhibitor, by reducing circulating levels 
of angiotensin II, might be expected to inhibit the 
sympathetic nervous system,?*-?5 nitroprusside had a 
similar effect on catecholamines without affecting 
plasma renin activity. It is likely that the response to 
these two vasodilators is largely a nonspecific effect 
related to an increase in cardiac output or a reduction 
in pulmonary wedge pressure. 

Implications: This study shows that the average 
acute hemodynamic response to converting enzyme 
inhibitor in severe congestive heart failure is similar to 
the hemodynamic response to nitroprusside, although 
individual variations in responsiveness to the two drugs 
may be in part related to plasma renin activity. Con- 
verting enzyme inhibitor appears to have less effect than 
nitroprusside on inducing a pulmonary ventilation- 
perfusion mismatch. Long-term studies with oral con- 
verting enzyme inhibitor are underway to evaluate 
further the therapeutic potential of this group of com- 
pounds. 
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-Long-Term Therapy of Heart Failure With Prazosin: 
__ A Randomized Double Blind Trial 


There is evidence that repeated administration of prazosin to patients with - 
severe congestive heart failure results in tolerance to its initial salutary 
effects as a vasodilator. Therefore, we used a randomized, double blind | 
protocol to evaluate the clinical effectiveness of 2 months of continuous _ 
prazosin therapy in 22 patients with severe congestive heart failure. After _ 
2 months, the patients treated with prazosin showed significant im- _ 
provement in mean New York Heart Association functional class (3.7 + 
0.2 to 2.3 + 0.2, p <0.01), treadmill exercise duration (123 + 30 to 209 © 
+ 40 sec, p <0.01), echocardiographic ejection fraction (31.8 + 3.2 to 
37.3 + 4.2 percent, p <0.01), stroke excursion (1.02 +0.10 to 124+ 
0.14 cm, p <0.01), mean velocity of circumferential fiber shortening (0.69 _ 
+ 0.07 to 0.80 + 0.09 circumferences/sec, p <0.06) and ejection fraction — 
measured with radionuclide ventriculography (24.8 + 2.2 to 32.1 + 2.9 
percent, p <0.001). A comparable placebo-treated group showed no. 
significant change in any index of functional or hemodynamic perfor- 
mance. The radionuclide ventriculographic ejection fraction fell to pre- 
treatment levels 48 hours after the withdrawal of chronic prazosin therapy 
and rose to the long-term treatment level on readministration of the drug, 
thus confirming that the improvement observed after 2 months was due — 
to prazosin. After 2 months there was clinical evidence of attenuation of 
the initial response to prazosin, although patients continued to show im- 
provement over their pretreatment state. Prazosin-treated patients.had 
an increase in plasma renin activity and required an increase in diuretic 
dose, suggesting that the renin-angiotensin system may contribute to the 
observed attenuation of drug effect. Long-term therapy with prazosin 
results in significant functional and hemodynamic improvement in p payone 
with severe congestive heart failure. 


The beneficial hemodynamic and clinical effects induced by the use of 
vasodilators have led to their increasing use in long-term treatment of 
congestive heart failure.!-+ Unfortunately, most of these agents have been 
critically evaluated only during short-term administration to patients 
in the supine posture,°-9 and to date there have been very few trials to 
determine the efficacy of long-term therapy.!°-!® Consequently, a jus- 
tified plea has been made for caution in the extrapolation of results of 
acute studies to the chronic situation.4 

Prazosin is an orally active alpha adrenergic antagonist that has been — 
approved for the treatment of hypertension.!® Early short-term evalu- 
ations of prazosin in patients with severe congestive heart failure dem- 
onstrated a balanced effect on both venous and arterial vessels, and © 
hence an improvement in both pulmonary venous congestion and for- 
ward cardiac output.?:!7-19 Because the drug is readily absorbed and has < 
a duration of action of approximately 6 hours when given orally, itap 
peared to be a logical candidate for the long-term treatment of heart. 
failure. 
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Controversy has recently arisen regarding the long- 
term activity of prazosin in congestive heart failure. 
Packer et al.” noted a marked increase in cardiac index 
and a decrease in left ventricular filling pressure after 
the first oral dose (5 mg) of prazosin. However, when the 
drug was administered at 12 to 24 hour intervals this 
favorable initial response was significantly attenuated 
by the third dose, although it could be partially restored 
by increasing the dose to 10 mg. Two other reports 
compared the responses to the first and fifth doses of 
prazosin, and also noted a marked attenuation of the 
initial improvement in cardiac index in one study,”! and 
in both pulmonary capillary wedge pressure and cardiac 
index in the other.2? However, Aronow et al.!! demon- 
strated that 6 weeks of prazosin therapy resulted in a 
significant improvement in clinical state, duration of 
treadmill exercise, echocardiographic ejection fraction 
and mean velocity of circumferential fiber shortening. 
Two preliminary reports indicate the continued efficacy 
of the drug after 5'4 and 10° weeks of therapy for con- 
gestive heart failure. 

In an effort to resolve this controversy concerning the 
continued efficacy of prazosin in heart failure, we per- 
formed a 2 month randomized, double-blind trial in 
which the effects of prazosin were compared with those 
of placebo on the patients’ clinical state, exercise du- 
ration. and left ventricular performance as measured 
with radionuclide ventriculography and echocardiog- 
raphy. After completion of the 2 month study, the code 
was broken and, in several patients who had received 
prazosin, the drug was withheld for 48 hours; left ven- 
tricular function was reassessed with radionuclide 
ventriculography before and after a single administra- 
tion of the dose of prazosin the patient had been re- 
ceiving previously. 


Methods 


Patient population: Twenty-two patients with chronic left 
ventricular failure who were in New York Heart Association 
functional class HI or IV" despite conventional therapy with 
digitalis and diuretic drugs (mean dose of furosemide 100 
mg/day) were the subjects of this study (Table I). The mean 
age was 58.5 years (range 37 te 73 years). There were 17 men 
and 5 women. Thirteen patients had cardiomyopathy whereas 
9 had ischemic heart disease. The mean duration of heart 


TABLE | 


Clinical Background of 10 Patients Treated With Prazosin 
and 12 Patients Treated With Placebo 








Patient Data Prazosin Placebo 
Number of patients 10 12 
Age tyr) 59 + 3° 58 + 3° 
Sex 7M, 3F 10M, 2F 
Cause of heart failure 

Corenary artery disease 4 5 

Cardiomyopathy 6 7 
Functional class (NYHA) 3.7 + 0.2° 3.5 + 0.2* 
Duration of heart failure (yr) 2.0 + 0.5* 2.3 + 0.5* 








* Mean + standard error of the mean. 
NYHA = New York Heart Association classification.2° 
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failure was 2.1 years (range 6 months to 7 years). All patients 
had cardiomegaly and evidence of pulmonary venous con- 
gestion on chest X-ray film. 

Eleven of the 22 patients underwent diagnostic cardiac 
catheterization during the baseline period. The cardiac index 
averaged 1.9 + 6.2 (+ standard error of the mean) liters/min 
per m, the mean capillary wedge pressure 29 + 2 mm Hg, the 
mean right atrial pressure 13 + 2 mm Hg and the mean sys- 
temic vascular resistance 1,940 + 220 dynes/s per cm~5. The 
patients with catheterization studies did not differ signifi- 
cantly from patients without such studies in clinical status 
(mean functional class 3.6 for both groups), radionuclide 
ejection fraction (22 + 3 percent fer patients with versus 27 
+ 3 percent for those without catheterization), or end-diastolic 
diameter as assessed with echocardiography (7.0 +.0.3 cm for 
patients with versus 6.8 + 0.3 cm for patients without cathe- 
terization). Thus, although invasive hemodynamic studies 
were available in only half of the group, we believe that their 
findings are representative of the entire group. 

Protocol: Patients were admitted to the General Clinical 
Research Center of the Peter Bent Brigham Hospital. After 
written informed consent had been cbtained, they underwent 





a baseline evaluation that, in addition to the usual clinical and. 


laboratory assessment, included measurement of plasma renin 
activity, treadmill exercise testing on 2 days, M mode echo- 
cardiography and radionuclide ventriculography. After the 
baseline evaluation was complete, each patient was randomly 
assigned to either treatment with prazosin (10 patients) or 
treatment with placebo (12 patients). During the first 8 weeks, 
treatment was given in double-blind fashion, and the placebo 
group received capsules that were indistinguishable from the 
drug. 

The protocol medication was administered every 6 hours, 
and the dose was gradually increased over a 4 day period, 
starting in all cases with a dose of 1.0 mg at bedtime. During 
the titration peried pulse and blood pressure were monitored 
before and 2 hours after the morning and evening doses. The 
end point of the first titration period was any one of the fol- 
lowing: (1) an adequate clinical response (that is, distinct 
clinical lessening of heart failure), (2) a maximal dose of 16 
mg/day of prazosin or a comparable number of placebo cap- 
sules, or (3) symptomatic orthostatic hypotension or other side 
effects. There were no significant side effects. The dose of 
digitalis and the dietary sodium intake were held constant for 
the duration of the study, whereas the dose of the diuretic drug 
was adjusted as clinically indicated; no other vasodilators were 
utilized. Patients were followed up in the outpatient depart- 
ment and after 4 weeks of treatment with drug or placebo were 
admitted for a second period of dose adjustment. The criteria 
for titration at this time were the same as for the first period 
except that the maximal permissible dose of drug was 24 
mg/day. 

After 8 weeks of treatment the patients were readmitted 
and evaluated as during the baseline period. The code was 
then broken and prazosin was withhéld for 48 hours from six 
patients who had been receiving it, and a radionuclide ven- 
triculogram was performed. A single dose of prazosin, identical 
to that the patient had been receiving, was then administered 
a the radionuclide ventriculogram repeated 2 1/2 hours 
ater. 

Measurements: Echocardiograms were performed with 
either an Ekoline-20 or an Irex Cardiac Ultrasound machine 
with use of 2.25 megahertz transducers and an Irex Continu- 
trace-101 multichannel recorder. Patients were placed in the 
supine position or in a slight left lateral decubitus position. 
Ventricular dimensions were determined in the constant 
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respiratory phase of held mid expiration, with the transducer 
-in the fourth intercostal space near the left sternal border. The 
T scan method was used to insure consistent and reproducible 
~ yecordings,°4 which were made at the level of the posterior 
= mitral valve supporting apparatus. Left ventricular end-dia- 
stolic diameter was measured at the peak of the R wave in the 
electrocardiogram, and left ventricular end-systolic diameter 
was-taken as the smallest distance separating the left ven- 
-tricular endocardial surfaces. Left ventricular stroke excursion 
| Was equal to the difference between end-diastolic and end- 
-systolic diameters. Left ventricular volumes at end-diastole 
and end-systole were calculated by the method of Teichholtz 
et al.,** and the stroke volume was equal to their difference. 
Left. ventricular ejection fraction was calculated as stroke 
volume divided by end-diastolic volume. Left ventricular 
ejection time was measured from the upstroke to the incisural 
notch of the indirect carotid pulse tracing. The mean rate of 
circumferential fiber shortening i in circumferences/second was 
calculated as stroke excursion divided by the product of 
end-diastolic diameter and ejection time. 
Left ventricular ejection fraction was determined from the 
gated equilibrium radionuclide ventriculogram utilizing 
eviously described methods.*6 Red blood cells were labeled 
ive with 20 to 25 mCi of technetium-99m pertechnetate, 
imaging was performed in the modified left anterior 
lique position using a 30° slant hole straight bore collima- 
or. 2 Aner operator identification of the left ventricular pe- 


















corrected time-activity curve.?® The ejection fraction was 
calculated from end-diastolic and end-systolic frames using 
standard techniques.29 

All treadmill tests were performed using a standard Bruce 
protocol. The 12-lead electrocardiogram was continuously 
monitored. Heart rate (by electrocardiogram) and blood 
pressure (by arm cuff) were measured before exercise and 
every 3 minutes during exercise. 

Diuretic drugs were withheld for the first 3 days of each 
admission and the patient was maintained on a diet of 10 mEq 
of sodium, 60 mEq of potassium and water as desired. When 
sodium balance was achieved (24 hour urinary sodium ex- 
cretion 10 mEq/h or less), fasting blood was drawn in the su- 
pine position. Plasma renin activity was assayed as previously 
described.*! After plasma renin had been measured, patients 
- were placed on a 2 gram sodium diet and their prior diuretic 







PATIENTS ENTERED 
22 


PRAZOSIN PLACEBO 


10 aN 
{CHF SYNCOPE | 


2 l 


COMPLETED 2 MONTHS ———— 










_ FIGURE 1. Summary of the clinical course of 22 patients during 2 
jonths of randomized, double blind therapy with prazosin or placebo. 
CHF = increased congestive heart failure. 
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regimen was resumed. Patients were weighed each morning 
before eating. 

Data analysis: The data were analyzed using the paired t 
test except for those shown in Figure 6, which were analyzed 
by the two way analysis of variance, and the data in Figure 7, 
which were analyzed by the paired Wilcoxon test. Results are 
presented as the mean values + standard error of the mean 
unless otherwise stated. 


Results 


Clinical status: All 10 patients treated with prazosin 
were living and completed the 2 month protocol (Fig. 
1). Of the 12 patients treated with placebo, 7 completed 
the 2 month protocol, 2 died, 2 were withdrawn because: — 
of worsening congestive heart failure and 1 was with- 
drawn because of syncope due to high grade ventricular 
arrhythmia. The two deaths were due to myocardial 
infarction with cardiogenic shock in one patient, and a 
cerebrovascular accident in the other. The drug code 
had to be broken and treatment with prazosin begun in. 
the two patients who were withdrawn because of wors- 
ening heart failure. One of these exhibited marked 
subjective and objective improvement, and his clinical: 
condition has been stable for 9 months. The second: 
patient had an increase in ejection fraction determined > 
with radionuclide ventriculography (13 to 18 percent} 
but remained in severe heart failure despite treatment” 
with 32 mg/day of prazosin, alone and in combination — 
with hydralazine. 

The mean functional class of patients treated with 
prazosin improved (3.7 + 0.2 before treatment to 2.3 4+ 
0.2 at 2 months, p <0.01), whereas there was no signif- 
icant change in the placebo group (3.5 + 0.2 before 
treatment, 3.3 + 0.2 at 2 months; difference not signif- 
icant [NS]) (Fig. 2). In patients who received the active 
drug exercise duration improved from 123 + 30 to 209 
+ 40s (p <0.01) (Fig. 3). The change in exercise dura- 
tion was variable among the placebo-treated patients, 
but the average for the group as a whole did not change 
significantly. Heart rate at rest decreased slightly at 2 
months in the treatment group (77 + 4 to 73 + 4 beats/ 
min, p = 0.09), and was unchanged in the placebo- 
treated group (76 + 4 to 76 + 3 beats/min), Blood 
pressure at rest was unchanged in both groups at 2 
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FIGURE 2. New York Heart Association (NYHA) functional class before 
(PRE) and after (POST) 2 months of double blind therapy with prazosin 
or placebo. 
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FIGURE 3: Treadmill exercise duration (seconds) on a standard Bruce 
protocol before (PRE) and after (POST) 2 months of double blind therapy 
with prazosin or placebo. NS = not significant; p = probability. 


months. In both groups, blood pressure and heart 
rate-systolic pressure product (double product) at peak 
exercise were unchanged from baseline values at 2 
months. 

The prazosin-treated patients tended to accumulate 
peripheral edema and had an average increase in weight 
of 2:1 + 0.6 kg (p <0.01); whereas there was no evidence 
of further edema formation or change in weight (—0.8 
+ 0.9 kg; NS) in the placebo-treated patients. These 

differences occurred although the dose of diuretic drug 
was increased in 9 of the 10 prazosin-treated patients 
but in only 1 of the 12 placebo-treated patients. 

Echocardiogram (Fig. 4): Left ventricular end- 
diastolic diameter was unchanged in both groups, 
whereas end-systolic diameter decreased (from 5.8 + 
0.3 to 5.5 + 0.3 cm; p <0.03) in the treatment group but 
was unchanged in the placebo group (5.8 + 0.4to 5.7 + 
0.3 em; NS). Left ventricular stroke excursion increased 

“in the treatment group (1.02 + 0.10 to 1.26 + 0.14 cm; 
p <0.01), but was unchanged in the placebo group (1.21 
<+ 0.10 to 1.19 + 0.04 cm; NS). Ejection fraction in- 
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creased in the treatment group (31.8 + 3.2 to 37.3 + 4.2 
percent, p <€.01) and was unchanged in the placebo 
group (33.4 + 4.6 to 33.7 + 3.8 percent, NS). The mean 
velocity of circumferential fiber shortening increased 
(0.69 + 0.07 te 0.80 + 0.09 circumferences/s; p = 0.06) 
in the treatment group but was unchanged (0.82 + 0.13 
to 0.78 + 0.09 circumferences/s; NS) in the placebo 
group. 

Radionuclide ventriculogram (Fig. 5): The ejec- 
tion fraction determined with radionuclide angiography 
increased in ail 10 patients treated with prazosin, the 
average for the group increasing from 24.8 + 2.2 to 32.1 
+ 2.9 percent at 2 months (p <0.001). In the placebo- 
treated group there was a variable response, with no 
significant change in the group mean (26.4 + 3.6 to 23.8 
+ 3.4 percent; NS). 

Withdrawal of long-term therapy (Fig. 6): After 
completion of the 2 month trial and breaking of the 
code, prazosin was withheld for 48 hours from six pa- 
tients in the treatment group. The radionuclide ejection 
fraction of this group at baseline (that is, before the 2- 
month treatment period) averaged 23.1 + 3.3 percent 
and increased to 31.0 + 3.8 percent after 2 months (p 
<0.01). After withdrawal of prazosin the ejection frac- 
tion fell-to an average of 22:9 + 3.0 percent, a value 
comparable with that observed before treatment was 
begun. Two and a half hours after the administration 
of what had been each patient’s usual dose of prazosin, 
the mean ejection fraction had increased to 31.2 + 4.2 
percent (p <0.01), a value almost identical to that ob- 
served during long-term treatment. 

Plasma renin activity (Fig. 7): Eight patients 
treated with prazosin and five treated with placebo were 
evaluated both before and after 2 months of therapy. 
Supine plasma renin activity was significantly increased 
in the treatment. group (3.1 + 0.5 to 4.7 + 1.2 ng/ml per 
h; p <0.05) but was unchanged in the placebo-treated 
group. 

Discussion 


The acute beneficial effects of vasodilator therapy in 
severe congestive heart failure have been clearly dem- 
onstrated.!-? However, most studies evaluating the ef- 
fectiveness of these agents have dealt only with the re- 


FIGURE 4, Echocardiographic assessment of the change 
in left ventricular function after 2 months of therapy with 
prazosin or placebo. Results are expressed as the mean ` 
percent change {standard error of the mean) compared 
with the pretreatment value (mean + standard error of 
the mean indicated on each bar). EFacno = ejection 
fraction (%), LVEDD = left ventricular end-diastolic di- 
ameter (cra); LVESD = left ventricular end-systolic di- 
ameter (cm), SE = stroke excursion (cm); Vcr = mean 
velocity of circumferential fiber shortening (circumfer- 
Ver ences/s). 
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sponse to initial doses. If it could be demonstrated that 
¿these acute salutary effects are sustained with mainte- 
_nance oral therapy, then long-term vasodilator therapy 
can be assigned an important role in the management 
f heart failure and could potentially benefit a large 
umber of patients. Although some studies have com- 
mented | on the follow-up of treated patients, only a few 
have provided long-term repeat hemodynamic data,!?-5 
and even fewer have been performed in a double blind 
manner.) Thus, there is very little information avail- 
able regarding the long-term continued efficacy of va- 
- sodilator therapy in congestive heart failure.‘ 
Prazosin: comparison with other vasodilators and 
alpha adrenergic blocking agents: Prazosin causes 
relaxation of vascular smooth muscle by competitive 
antagonism with agonists at the vascular (postsynaptic) 
alpha adrenergic receptor.!®32 Several experimental 
studies suggest that prazosin does not cause a reflex 
tachycardia, increase in plasma renin activity or toler- 
ance,!®?"3 whereas direct smooth muscle relaxers such 
as hydralazine and classic alpha adrenergic blocking 
ents such as phenoxybenzamine cause reflex activa- 
on of the sympathetic nervous system with increased 
lease of norepinephrine and renin,??"45 increased 
dium retention,** and attenuation of the vasodilatory 
35 Because presynaptic alpha adrenergic re- 
yrs inhibit neuronal release of norepinephrine,°® 
eir blockade by classic nonselective alpha adrenergic 
antagonists such as phenyoxybenzamine results in a 
marked increase in neuronal norepinephrine release.3237 
There is experimental evidence that prazosin, in con- 
trast to phenoxybenzamine, is several times more se- 
lective for postsynaptic alpha receptors than for 
presynaptic receptors,!622:38 and when compared with 
equidepressor doses of phenoxybenzamine, prazosin 
produces a significantly smaller increase in heart rate 
or plasma norepinephrine.5237 Thus, there is theoretical 
and experimental evidence to suggest that prazosin may 
_be less prone to the major limitations of direct vasodi- 
lators and classic nonselective alpha blocking agents. 
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FIGURE $. Left ventricular ejection fraction (percent) as assessed with 
lionuclide ventriculography in six patients before (PRE).and after (2 
- MO 2 months of therapy with prazosin, 48 hours after withdrawal of 
« Prazosin therapy (48 H OFF) and 2.5 hours after the readministration 
of each patient's usual dose of prazosin (SINGLE DOSE). 
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FIGURE 5. Left ventricular ejection fraction (percent) determined with oe 
gated equilibrium radionuclide ventriculography before (PRE) and after’ 
(POST).2 months of therapy with prazosin or placebo. NS = not Sig: 
nificant; p = probability. 


Development of tolerance: Prazosin administered: 
acutely produces a marked improvement in hemody- 
namic performance in heart failure.?-!7-19 Because the. 
drug has few side effects, is well absorbed when ad- - 
ministered orally and has a long duration of action, it» 
appears to be an attractive agent for long-term therapy. 
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FIGURE 7. Supine plasma renin activity (PRA) before (PRE) and after 
(POST) 2 months of therapy with prazosin or placebo. Patients were- 
in sodium balance on a 10 mEq Na diet with diuretic drugs withheld. 
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However, because of recent evidence that the initial 
response. to prazosin is markedly attenuated over the 
course of only several doses,2°-? the long-term effec- 
tiveness of the drug has been questioned. Before dis- 
carding a potentially valuable agent, we considered the 
possibility that tolerance may be a transient phenom- 
enon, may be importantly related to the administration 
schedule and dose, or mav be of an incomplete degree 
that does not preclude a useful long-term effect. Indeed, 
experience with prazosin in the treatment of hyper- 
tension has not revealed significant tolerance.!63235.39.40 
Of note is the observation that in hypertension the full 
therapeutic response may not be evident until 4 to 8 
weeks after the initiation of therapy.°?° 
Clinical signs of improvement: Our patients 
treated with prazosin for 2 months showed significant 
subjective, functional and hemodynamic improvement, 
in clear distinction to a comparable, randomly selected 
group treated with placebo in double blind fashion. The 
improvement in exercise duration in our patients was 
similar to that observed by Aronow et al.!! after 6 weeks 
of prazosin therapy.!! In their study, as in ours, the 
heart rate, systolic pressure and double product at peak 
exercise were unchanged with prazosin therapy, despite 
a marked increase in exercise duration. Rubin et al.4! 
showed that the beneficial effects of prazosin on cardiac 
index, pulmonary capillary wedge pressure, and sys- 
temic vascular resistance are considerably more marked 
` during exercise than at rest. One possible explanation 
= of this finding is that during exercise the sympatheti- 
< cally mediated vascular response is exaggerated in pa- 


tients with congestive heart failure*? and that this 


vasoconstriction may. be particularly responsive to a 
specific alpha adrenergic antagonist such as prazosin. 
It will be important in future trials of long-term prazosin 
therapy to include an assessment of exercise hemody- 
namics and to consider the relation of the response to 
prazosin to sympathetic tone at rest. 

Effect on left ventricular function: Both echo- 


S “seardiography and radionuclide ventriculography 
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FIGURE 8. Left ventricular ejection fraction (percent) as assessed with 
radionuclide ventriculography (RVG) in one patient before treatment 
(PRE), during the initial prazosin titration period when the dose was 16 
mg/day (ACUTE), and after 2 and 5 months of continuous prazosin 
therapy with a dose of 24 mg/day. 








demonstrated an improvement in left ventricular 
function during long-term prazosin therapy. The ra- 
dionuclide ventriculogram appeared to be a more sen- 
sitive measure of changes in global left ventricular 
ejection fraction because it consistently revealed an 
increased ejection fraction with treatment, even in those 
patients with severe localized wail motion abnormalities 
that obscured the change measured with echocardiog- 
raphy. That the improvement in ejection fraction ob- 
served in the treatment group was a direct result of 
prazosin is confirmed by the observation that the ejec- 
tion fraction fell to baseline levels 48 hours after with- 
drawal of prazosin and rose to long-term treatment 
levels after a single dose (Fig. 6). 

Attenuation of effects with chronic therapy: 
Despite the overall salutary effects of the drug over a 2 
month period, ovr study does previde evidence that the 
marked hemodynamic response to initial doses of pra- 
zosin is significantly attenuated with the passage of 
time. Three findings support the conclusion that the 
long-term effect of prazosin is less than the effect of. 
initial doses. First, patients often reported that their 
clinical improvement was most striking during the ti- 
tration periods when the dose was initially adjusted. 
However, although the clinical effectiveness diminished, 
their condition never returned to the pretreatment state 
as long as treatment was continued. Second, Poliner et 
al.® reported a 33 percent increase in the ejection 
fraction measured with radionuclide angiography 
during the first several doses of prazosin. Although 
various factors may in part account for the more than 
two-fold greater response in their acute study than in 
our long-term trial, the magnitude of the disparity 
suggests that there may be a greater response to initial 
doses of prazosin. Finally, this suggestion is supported 
by the observation of one patient who was studied by 
radionuclide ventriculography during the 1st week of 
therapy and again after 2 and 5 months of long-term 
therapy (Fig. 8). In this patient ejection fraction was 27 
percent on 2 days-during the baseline period and rose 
by 62 percent (to 44 percent) after a 4 mg dose of pra- 
zosin during the initial titration week. The patient re- 
ported subjective improvement and was discharged on 
a regimen of 16 mg of prazosin/day. After 1 month, the 
dose of prazosin was increased to 24 mg/day and the 
dose of diuretic drug was increased because of accu- 
mulating peripheral edema, although the patient con- 
tinued to feel imprevement. over the baseline condition. 
The patient’s condition subsequently remained clini- 
cally stable and, when he was evaluated after 2 and 5 
months of therapy, the ejection fraction was 34 percent 
on both occasions, 30 percent higher than before 
treatment. This latter finding is similar to the average 
34 percent increase observed for the entire treatment 
group at 2 months. In three other patients who have 
been followed up for 6 months, the improvement in the ` 
radionuclide ejection fraction has been sustained at the 
leve! observed at 2 months. 

The mechanism of developed tolerance to prazosin 
is unclear. Although our prazosin-treated patients had 
a clear improvemeat in functional class and hemody- 
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n ie nace group, an increase in the di- 
ul retic dose was not required except in one patient whose 
eight did increase. It is unlikely that the improved 
functional performance of patients in the prazosin 
group was a result of their increased diuretic dose, since 
they still had a positive fluid balance at the time of the 
2 month reevaluation. However, it is likely that the in- 
> -creased fluid retention in the patients treated with 

prazosin attenuated the magnitude of the clinical re- 


sponse, and had their diuretic dose not been increased _ 


the response to prazosin might have been further ob- 
scured. 
Increased plasma renin activity with prazosin: 
The plasma renin activity was significantly increased 
= by long-term prazosin therapy and may have contrib- 
tated to sodium retention by stimulating aldosterone 
secretion. The fact that sodium retention did not par- 
el hemodynamic status further suggests that a sec- 
dary sodium retaining system was activated. Renin 
may also contribute to drug tolerance through its 
stimulation of the production of the potent vasocon- 
strictor, angiotensin I. When supraphar macologic doses 
(3 to 30. mg/kg per day) of prazosin are administered to 
spontaneously hypertensive rats, there is acute toler- 
ance to the hypotensive effect. by the 2nd day, and the 
development of tolerance is reduced by pretreatment 
with converting enzyme inhibitor or propranolol, thus 
suggesting that activation of the renin-angiotensin 
system is involved in the development of acute tolerance 
in that model.“ It is unlikely that the increased plasma 
renin activity in our prazosin-treated patients was due 




















LONG-TERM PRAZOSIN FOR HEART FAILURE—COLUCCI ET AL. 


to a change in sodium balance because sodium intake 
was strictly controlled at the time of renin measurement 
and the effect of the noted volume expansion would be 
to suppress renin secretion. Another potential mecha- 
nism of increased renin release would be an increase in 
sympathetic nervous system activity,’ which would also 
directly reduce the effectiveness of a competitive alpha 
adrenergic antagonist such as prazosin. This possibility 
is supported by a preliminary report* indicating that 
plasma norepinephrine levels are increased during 
long-term prazosin therapy in congestive heart 
failure. 

Implications: In patients with congestive heart 
failure prazosin appears to affect two major neuroen- 
docrine mechanisms, the sympathetic nervous system 
and the renin-angiotensin system, both of which influ- 
ence the peripheral vascular bed directly and indirectly. 
This observation raises.the possibility that some of the 
controversy about prazosin’s effectiveness may be diie 
to differences in the manner in which the administration 
schedule, duration of study and dosage affect these two 
systems. Although further studies will be needed te 
define the mechanisms of tolerance, we conclude that 
tolerance to prazosin’s hemodynamic effects occurs 
early in therapy, is most often partial and does not 
preclude a sustained, clinically: useful effect in the. ~ 
treatment of chronic congestive heart failure. 
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Early Repair of Ventricular Septal Rupture After Infarction 


The cases of 27 consecutive patients aged 40 to 78 years with ventricular — 
septal rupture during acute myocardial infarction were reviewed. Myo- o 
cardial infarction was inferior in 16 patients and anterior in 11. The time 
from myocardial infarction to rupture was less than 24 hours in 9. patients, 
24 to 48 hours in 6 patients, 2 to 7 days in 11 patients, and 14 days in to 
patient. In 23 patients pressures (in mm Hg) were pulmonary arterial — 
systolic 28 to 70 (mean 52), diastolic 9 to 34 (mean 23) and left ventricular 
end-diastolic 15 to 35 (mean 24). Cardiac index was 1.1 to 2.5 (mean 2.0) 
liters/min per m? and the ratio of pulmonary to systemic flow (Q,/Q,) 1.5 
to 4.8 (mean 3.4). The number of coronary vessels with more than. 50- 
percent obstruction was one in 8 patients, two in 11 patients and three- 
or more in 8 patients. Of the eight patients with single vessel disease three : 
had right, one had left circumflex, and four had left anterior descending ~ 
coronary artery disease. 

All seven patients treated without surgery died 1 to 13 days after ven- 
tricular septal rupture; all seven had inferior myocardial infarction, and 
none had previous transmural myocardial infarction. Of these seven pa- 
tients, two were considered inoperable, one died during study, and four 
died abruptly while awaiting study. Eleven of 20 patients (55 percent) 
survived operation. The survival rate in seven patients operated on less 
than 2 days after ventricular septal rupture was 72 percent. Of 11 patients 
operated on 2 to 28 days after ventricular septal rupture 4 survived, — 
whereas the 2 patients operated on later than 4 weeks after rupture sur- 
vived. it is concluded that (1) early surgery in ventricular septal rupture- 
has relatively low mortality; (2) delay of study and surgery is done at the. 
expense of unacceptable and unpredictable mortality; and (3) ventricular — 
septal rupture can occur with single vessel coronary artery disease. 


Perforation of the interventricular septum, one of the most serious — 
complications of acute myocardial infarction, was first reported by La- 
tham,! in his Lectures of the Heart, published in 1847. In 1923, Brunn? 
described the antemortem diagnosis of this condition, but only 5 of the 
first 35 cases reported were actually diagnosed before death.? In 1934, 
Sager? presented the currently accepted diagnostic criteria for thi 
condition. Since then septal rupture has been reported with increasing | 
frequency and, although uncommon, is not rare.” Autopsy examination _ 
of 6,260 patients who died of acute myocardial infarction revealed septal 
rupture in 80, an incidence rate of 1.3 percent.® Septal rupture is lee: 
common than rupture of the ventricular free wall, with which itis 
sometimes associated. - 

The poor prognosis of patients whose interventricular septum per- 


forates after myocardial infarction was documented. Sanders et al.’ . 


found that 54 percent of such patients died within 1 week of perforation _ 
and only 11 percent survived 2 months. The first surgical correction of 
this acquired defect was reported by Cooley et al.,8 in 1956. Until re- 


February 1980 The American Journal of CARDIOLOGY Volume 45 345. 





"VENTRICULAR SEPTAL RUPTURE—MO: 


cently, the surgical repair of this condition was applied The right coronary artery was occluded in three and a 
late; when the myocardial tissue is more ideal for repair, dominant circumflex artery was occluded in one. Four 
and in the small minority of patients who had survived patients with single vessel disease and inferior infarction 
“the acute stage. Survival of the majority of patients with died. 
this complication is possible only if treatment is un- Patients who did not undergo surgery: Seven of 
dertaken soon after the septal rupture occurs, because the 27 patients (26 percent) were not operated on, and 
so few survive for late surgical management. all died. Death occurred from 1 to 13 days (mean 6.4 
The clinical and hemodynamic findings in 27 patients days) after rupture. All seven patients had an inferior 
seen at Loyola University Medical Center with ven- infarction. Two patients had undergone catheterization 
tricular septal rupture complicating an acute myocar- but were deemed inoperable because of age and total 
dial infarction, and the results of early surgical repair organ failure. One patient died in the cardiac. cathe- 
in 20 are presented in this study. terization laboratory. Four patients died while waiting 
ie to undergo cardiac catheterization. Two of the latter 
Clinical Features died suddenly and unexpectedly. At necropsy both were 
Patients: From 1970 through 1978, 27 patients were clini- found to have single vessel disease of the right coronary 
cally diagnosed as having ventricular septal rupture compli- artery. 
cating acute myocardial infarction. There were 13 men and Surgically treated patients: Twenty of the 27 pa- 
14 women whose ages ranged from 40 to 78 years (mean 62 tients (74 percent) underwent surgical repair of the 
years). ruptured ventricular septum. The time between rupture 


Clinical diagnosis: In 23 patients the first clinical indi- 
cation of septal rupture was the occurrence of a systolic 
murmur heard over the left sternal border. Cough and dy- 
spnea were the first. symptoms in the remaining four patients. 


and repair was less than 48 hours in seven patients, and 
five of these sever: (71 percent) survived. Only one of the 


A thrill was palpated over the precordium in 21 of the 27 pa- patients were operated on 2 days to 4 weeks after rup- 
tients. Clinical deterioration and a new murmur were part of ture of the septum and only 4 (36 percent) survived. 
the syndrome in all patients. Two patients operated on later than 4 weeks after 

a Clinical and electrocardiographic findings were diagnostic rupture survived. 

“of an acute myocardial infarction in all patients. In 11 pa- To expose the heart a median sternotomy incision was 
tients (41 percent) the location of the infarct was anterior, and atilized. The ruptured septum was always approached 
in 16 patients (59 percent) it was inferior. The time interval through infarcted muscle. A primary repair with a patch 
Detween the myocardial mfarction and the septal nip tite was used in 14 patients after resection of the necrotic 


“ranged from less than 24 hours to 14 days. In 15 patients (55.5 
percent} septal rupture occurred within the first 2 days; it 
occurred in only 1 patient after 7 days. Roentgenographic 


tissue. In six patients the sandwich technique with 
Teflon® strips were used. Infarctectomy or resection of 


findings compatible with congestive heart failure or pulmo- a ventricular aneurysm, or both, was performed in 14 

: nary edema, or both, were present in 24 patients. patients (70 percent). Six patients underwent one or 
_. Cardiae catheterization findings: Twenty-three patients more aortocoronary bypass grafts. 

underwent cardiac catheterization. In the group, pulmonary Eight of the 11 patients (73 percent) with anterior 

_ arterial pressure averaged 52/23 and left ventricular end- myocardial infarction survived the operation. Of nine 

__ diastolic pressure 24 mm Hg. Cardiac index (assessed with the patients with inferior infarcts only three survived (33 

Fick or the thermodilution method) averaged 1.98 liters/min percent). Of the nonsurvivors, three died in the oper- 


per m?. The ratio of pulmonary to systemic flow (Q,/Q,) av- 
eraged 3.4, A left to right shunt, detected in each patient, 
ranged from 1.571 to 5.8:1. 

Ten patients had a left ventricular aneurysm on ventric- 
ulography, six aneurysms were apical and four inferior. The 


ating room, one died in the intensive care unit imme- 
diately after surgery, and the other patients died 1, 2, 
14, 19 and 23 days, respectively, after operation. One 
nonsurvivor was recperated on 1 week after initial clo- 


ejection fraction averaged 32 percent (range 6 to 49 percent). sure to repair a persistent septal perforation, but he died 
Coronary arteriograms were obtained in each of the 23 pa- of generalized organ failure 8 days after the second op- 
tients studied with cardiac catheterization; in 4 patients who eration. At autopsy the septal repair in all nonsurvivors 
did not undergo catheterizaticn the coronary anatomy was was found intact. 

analyzed at necropsy. Single vessel disease was found in 8 Follow-up: Eleven patients left the hospital after 
patients (30 percent), two vessel disease in 11 patients (41 operation (survival rate 55 percent). All 11 were in New 
percent), and triple vessel disease in 8 (30 percent). Eighteen York Heart Association class I or II at the time of dis- 


¿patients had an intraaortic balloon pump inserted before 

“> cardiac catheterization to achieve hemodynamic stability. All 

~ patients were in New York Heart Association functional class 
Ill or TV? at the time of cardiac catheterization. 


charge. Three patients (28 percent) who were asymp- 
tomatic had a persistent murmur. Ten patients are alive 
after a mean of 17 months of follow-up. One patient died 
of hyperkalemia in another hospital, 26 months after 


Clinical Course operation, and no autopsy was performed. Of the entire 

The number of diseased coronary vessels had no group of 27 patients with postinfarction ventricular 
relation to the eventual outcome of our patients. Four septal rupture, 11 (41 percent) survived at least 2 
of the eight patients with single vessel disease had a months. Patients with an anterior infarction had a sig- 
total occlusion of the left anterior descending coronary nifieantly greater survival rate (8 of 11; 73 percent) than 
artery and anteroseptal infarction; one died, Four pa- those with inferior infarction (3 of 16; 19 percent) (p 
tients with single vessel disease had inferior infarction. <0.01). There were no significant differences in survival 
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seven had an inferior infarction, and he survived. Eleven ~ 


ca 


related to the number of obstructed coronary vessels or 
the magnitude of the left to right shunt. 


Discussion 





Site of coronary occlusion and infarction: The 
¿< blood supply to the ventricular septum is dual, the an- 
_ terior two thirds being supplied by branches of the left 
_ © anterior descending coronary artery, and the posterior 
= one third by branches of the posterior descending ex- 
tension of the right or circumflex coronary artery, or 
both. Thus it might be expected that the majority of 
septal ruptures would occur in patients with anterior 
wall infarction. Although some authors® reported this 
to be the case, we and other investigators noted at least 
an equal frequency of inferior wall infarction in patients 
with septal rupture. The dual blood supply, with anas- 
tomosis in the septum between the two systems, might 
suggest that disease of both supplies would be necessary 
before the septum could be damaged sufficiently for 
perforation; however, 8 of our 27 patients (29 percent) 
‘had only one obstructed vessel, and in 4 patients the 
» obstruction was limited to the dominant arterial supply 
_of the posterior septum. There is no obvious reason why 
all of our patients who died without undergoing opera- 
~ © tion had infarction of the inferior wall, but it is apparent 
that inferior wall infarction with septal rupture is po- 

- tentially lethal and that early surgery is indicated.) 
Surgical indications: Surgical treatment of a rup- 
tured ventricular septum after an acute myocardial 
infarction has generally been applied late, when the 
myocardial tissue is ideal for repair.!1-!8 During the 1st 
years of our experience, we waited too long before in- 
tervening. With experience, it became obvious that the 
natural history of this condition is progressive deteri- 
oration and death if one delays intervention for any 
duration. Encouraged by several reports of successful 
early surgical treatment,!!!9-21 we instituted a policy 

of early and aggressive management. 

Preoperative preparation: When ventricular septal 
rupture is suspected, the diagnosis can be established 
_ by demonstrating blood oxygen increase at the right 
ventricular level, from samples drawn through a 
-Swan-Ganz catheter.22 One must be certain that the 
distal orifice of the catheter is well back from the pul- 
monary wedge position. Complete knowledge of ven- 
tricular function, location of the perforation, presence 
or absence of mitral valve insufficiency and details of 
the coronary arterial anatomy are mandatory before 
operation. Therefore, cardiac catheterization is per- 
formed immediately after septal rupture is recognized, 

and surgery, if feasible, is undertaken without delay. 
Patients who are in unstable condition have an in- 
traaortic balloon inserted for counterpulsation sup- 
port. The beneficial effects on left ventricular function 
>= obtained by reducing afterload and increasing aortic 
diastolic root pressure with this device have been 
demonstrated.?°-°6 Of the 23 patients undergoing in- 
__ vasive studies, 18 had prior insertion of an intraaortic 
- balloon, and clinical improvement was observed in most. 
‘Thus time was gained for adequate studies and surgical 
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preparation. Although one of our patients died during 
this procedure, most patients have no serious compi- 
cation with cardiac catheterization. 

Factors determining surgical survival: Two pri- 
mary factors that determine survival after surgical 
treatment of postinfarction ventricular septal rupture 
appear to be the time between rupture and the repair 
and the function of the residual myocardium. 1020.27 The 
interval between the occurrence of the myocardial in- 
farction and repair does not influence survival. Our 
results confirm that early operation can be performed 
quite successfully. Of seven patients operated on within 
48 hours of rupture five (71 percent) survived. When 
operation was delayed to 48 hours and before 4 weeks 
after rupture only 4 of 11 patients survived (36 percent). 
Many of the latter operations were performed at a time 
when the general condition of the patient had deterio- 
rated severely. 

Regardless of the timing of surgery, the location of the 
infarction and the perforation has a bearing on the 
surgical outcome. Patients with anterior infarction have 
a better prognosis than those with inferior infare - 
tion.?®?9 In our series, 8 of 11 patients (73 percent) with 
anterior infarction survived operation, compared with ` 
only.3 of 9 patients (33 percent) with inferior infarction. 
This difference is explained in part by the proximity of 
the posterior septal rupture to the posterior papillary - 
muscle. Involvement of the latter structure may result 
in mitral insufficiency and may make surgical repair. 
technically more difficult. Because six of our seven pa- 
tients operated on within 48 hours of rupture had an- 
terior infarction, it is possible that the better survival 
in this group was secondary to the location of the im- 
farction rather than the timing of the operation. 

Surgical procedures: The type of surgical repair is 
determined by the quality of the tissue, the size of the 
septal defect and by its location: The best results follow 
resection of the infarcted myocardium and closure of 
the defect. Closure of the defect can best be accom- 
plished with a Dacron® patch when tension is to be 
avoided or by a double Teflon felt sandwich technique. 
when the defect is near the periphery of the sep- 
tum.81930 Jt is necessary to approach the defect through 
the infarcted area, thus avoiding injury to the remaining 
uninvolved muscle. Because acute aneurysm of the free 
wall is frequently present with septal perforation," 
resection of such an area is performed in an attempt to 
improve ventricular performance. We believe that 
aortocoronary bypass to all significantly obstructed 
vessels should be performed, when technically pos- 
sible. 

Late results: The condition of survivors of surgical 
repair of a perforated septum is greatly improved. In 
three patients a persistent murmur was heard, sugges- 
tive of a mild residual shunt, but late reoperation was 
not required in any survivors. The late survival rate of 
55 percent of patients in the surgical group, all in 
functional class I and I] at a mean follow-up time of 17, 
months, is a great improvement over the expected 
long-term late survival rate of only 10 percent with 
medical treatment of this lesion. a 
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The clinical effects of early application of external pressure circulatory 
assistance (EPCA) in acute myocardial infarction were evaluated ina 
prospective, randomized trial involving 258 patients in 25 institutions. AH 
patients had mild left ventricular failure and received circulatory assis- — 
tance within the first 24 hours after the onset of symptoms. There were 
no significant differences between the treatment and control groups, . 
consisting of 142 patients and 116 patients, respectively, with regard to 
age, sex, race, previous cardiac history, electrocardiographic location — 
of myocardial infarction, Norris prognostic index, admission heart rate, 
blood pressure and chest roentgenogram, and time from onset of symp- 
toms to hospital admission. There were also no differences between the 
treatment and control groups with regard to antiarrhythmic, positive in- 
otropic, diuretic and vasodilator therapy. Hospital mortality was signifi- 
cantly decreased, compared with that of control patients, in the group 
receiving 4 or more hours of external pressure circulatory assistance 
within the first 24 hours after admission (mortality rate 6.5 percent |7 of 
108] in treatment group versus 14.7 percent [17 of 116] in control group, 
p <0.05). Circulatory assistance for 3 or more hours was also associated 
with a lower mortality rate in the subgroup (patients 46 or more years old) - 
to which mortality in this study was confined (mortality rate 8.3 percent — 
[9 of 109] in the treatment group versus 17.5 percent [17 of 97] in the | 
control group, p < 0.05). For the combined group of patients with 3 or more 
and 4 or more hours of treatment, circulatory assistance was associated | 
with significant lessening (p <0.05 to <0.01) of morbidity as manifested 
by recurrent chest pain, progression of cardiac failure, occurrence of 
ventricular fibrillation, change in heart size and clinical cardiac functional 
status at discharge. These data support further application and investi- 
gation of external pressure circulatory assistance in myocardial infarc- 
tion. 


As a result of advances in the management of cardiac arrhythmias in 
coronary care units, the major cause of mortality in patients hospitalized 
with acute myocardial infarction is cardiac pump dysfunction, mani- 
fested by severe left ventricular failure or cardiogenic shock.! This 
complication is directly related to loss of a critical mass of myocardium 
that is usually extensive, commonly involving 40 percent or more of the.” 
left ventricle.” Recent experimental and clinical studies®“ of myocardial 
infarction have demonstrated that therapeutic interventions that fa- 
vorably alter the balance between myocardial oxygen supply and demand’ 
can reduce ischemic cardiac injury and limit infarct size. This approach 
thus has the potential of improving prognosis in acute myocardial in- 
farction by preserving cardiac tissue and averting complications, such 
as pump failure, that are related to extent of myocardial damage. 
Improvement in the relation between myocardial oxygen supply and. 
demand can be achieved by increasing availability of oxygen or reducing: 
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cits requirement. Mechanical circulatory assistance 
elevates myocardial oxygen delivery by augmentation 
of arterial diastolic pressure, a major determinant of 
coronary blood flow, which assumes special importance 
in the maintenance of myocardial perfusion in the 
: presence of obstructive narrowing of the coronary ar- 
- teries.’? Diastolic pressure augmentation can be effected 
by imvasive techniques such as intraaortic balloon 
counterpulsation®-!4 or noninvasive external counter- 
pulsation.®9.15.16 The latter approach has the advan- 
tages of wide applicability, ease of implementation and 
lack of associated trauma. Early intervention with 
mechanical circulatory assistance prior to the onset of 
severe cardiac dysfunction has been suggested!®-!? and 
recently applied!* as a potential means of preserving 
myocardium, averting pump failure and reducing 
mortality in acute myocardial infarction. This report 


presents the results of a multicenter trial to evaluate the 


“clinical effects of external pressure circulatory assist by 
a mechanical device (Cardiassist® External Counter- 
pulsation System, Cardiassist Corporation, Hoffman 
Estates, Ilinois) in patients with acute myocardial in- 
farction complicated by mild left ventricular failure 
(Killip class I)? 


Methods 


Patients: Twenty-five cooperating institutions participated 
in the study, which was carried out over a 15 month period. 
The population evaluated consisted of 258 patients with acute 
myocardial infarction. The mean number of patients per in- 
stitution was 9, and the range was one (two institutions) to 26 
< fone institution) patients per institution. 

Diagnosis of myocardial infarction was by two of the three 
following criteria: classic history, characteristic electrocar- 
diographic evolutionary changes and typical serum enzyme 
alterations. All patients fulfilled the following criteria, in 

addition to acute myocardial infarction, for admission to the 
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FIGURE 1. Top panel, actual external pressure applied during coun- 
terpulsation. Middle panel, electrocardiogram (ECG). Bottom panel, 
finger pulse waveform recorded from finger plethysmography depicting 
relative changes (uncalibrated). Data are recorded with patient in the 
external pressure circulatory assistance (EPCA) device before (a) and 
during (b) augmentation of diastolic pressure. The delays in transmission 
of central arterial pressure to the limbs and in transmission of peripheral 
externally applied pressure centrally account for the temporal relations 
between applied pressure and the finger pulse waveform. The water 
required to fill the leg unit accounts for the externa! pressure before 
activation of external pressure (a) and during the inactive phase of 
counterpulsation (b). 


study: mild left ventricular failure (Killip class II), mani- 
fested by pulmonary rales over less than 50 percent of the lung 
fields; entrance into the study within 19 hours of onset of 
symptoms (with the goal of completion of at least 4 
circulatory assistance within the first 24 hours of myoe dial 
infarction); absence of history of previously treated car 
failure; and absence of clinical evidence of peripheral vascul 
disease and aortic vaive insufficiency. All patients gave in- 
formed consent for entrance into the study. Allocation of 
patients to treatment.and control groups was by random as- 
signment as described in the Appendix. 

Evaluation of left ventricular function: Left ventricular 
functional status on admission and during the subsequent 
hospital course was classified by clinical and reentgenographic 
criteria. Clinical classification was made according to the 
following criteria!’: elass I, absence of clinical complications, 
clear lung fields; class H, rales over less than 50 percent of the 
lung fields; class I], pulmonary edema with rales over 50 
percent or more of the lung fields; and class IV, shock mani- 
fested by criteria for class HI plus a systolic blood pressure of 
less than 90 mm Hg with signs of inadequate peripheral organ 
perfusion (diaphoresis, cyanosis, oliguria, altered mental 
status). Chest roentgenograms were interpreted and classified 
by a radiologist without knowledge of clinical classification: 
class I, normal lung fields; class IT, redistribution of pulmonary 
blood flow to the upper lung fields and mild hilar congestion; 
class ILI, criteria for class H plus marked increase in promi- 
nence of pulmonary vessels of the outer lung fields; and class 
IV, criteria for class H plus presence of pleural effusion, and 
hilar congestion or cardiomegaly, or both. 

Roentgenographic determination of heart size was per- 
formed on admission and on the day of, or 1 day before dis- 
charge. This evaluation!® was based on the extent to which the 
transverse cardiac diameter exceeded that resulting in a car- 
diothoracic ratio of 9.5: normal, transverse cardiac diameter 
of up to 1.0 cm in excess of the latter criterion; questionable 
cardiac enlargement, increase in transverse cardiac diameter 
of more than 1.0 to 1.5 cm in excess of this criterion; definite 
cardiac enlargement, increase in transverse cardiac diameter 
of more than 1.5 cm in excess of this criterion. This analysis 
was included in the evaluation midway through the study and 
was therefore available in some patients. 

External pressure circulatory assistance: Circulatory 
assistance was administered to the treatment group only. Each 
hour of treatment consisted of 50 minutes of circulatory as- 
sistance and 10 minutes of rest. There were no restrictions on 
any other available forms of therapy for patients in either the 
treatment or the control group. 
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FIGURE 2. Number of patients in the control group and the groups with 
external pressure circulatory assistance. The number of hours indicates 
the total time of circulatory assistance in the first 24 hours after the 
onset of symptoms of myocardial infarction. 
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External pressure circulatory assistance was administered 
: by adevice that encloses the lower limbs from thigh to ankle 
ina hydraulically activated leg unit. External counterpulsa- 
tion yas delivered through the controlled application of pos- 
Ativf external pressure by the leg unit. The device did not in- 
pde a negative pressure phase. The timing, magnitude and 
duration of external pressure were each regulated to produce 
the desired diastolic augmentation. Diastolic augmentation 
was assessed by indirect recording of finger pulse waveform 
by a.volume-sensing finger plethysmograph, with which each 
device is equipped (Fig. 1). Counterpulsation was effected by 
synchronization of mechanical activation with the electro- 
cardiogram to produce positive pressure during diastole. The 
technique was applied to achieve maximal diastolic aug- 
mentation, which resulted in elevation of peak pressure during 
diastole to levels approximating systolic pressure (Fig. 1). 
External pressures ranged up to 250 mm Hg for a duration of 
up to 250 ms to produce satisfactory diastolic augmentation. 
The maximal duration of 250 ms was selected because prior 
experience indicated it tobe the maximum necessary to pro- 
duce the desired effect over a wide range of heart rates. 
-Evaluation of data: All data were recorded and maintained 
~4n individual patient books at each institution. A copy of the 
completed data record was forwarded to a central office where 
= it was reviewed and evaluated by the project steering com- 
- mittee, consisting of the authors. All data were evaluated 
"without knowledge of whether the patients were in the 
‘treatment or the control group. 

Statistical analysis was performed by application of the 
chi square test to categorized variables and Student’s two- 
tailed t test to continuous variables. 





Results 


Duration of treatment: Two hundred fifty-eight 
patients fulfilled the study criteria; 116 of the patients 


TABLE | 


Mortality Rate in Control. Group and Patients Treated With 
External Pressure Circulatory Assistance (EPCA) 





Treat- 
Control ment 
Total Group Group p 





All treated patients* vs. 


control group 
Patients (n) 258 116 142 
Deaths (n) 29 17 12 
Mortality rate (%) 14.7 8.4 NS 


Patients with 23h 
EPCA in first 24 h 
vs. control group 


Patients (n) 240 116 124 
Deaths (n) 26 17 9 
Mortality rate (%) 14.7 7.3 NS 


Patients = 46 yr with 23 
h EPCA in first 24 h 
vs. control group 


Patients (n) Fe 97 193 
Deaths (n 
Tei lo) 17.5 83 <0.05 


Patients with 24 h EPCA 
in first 24 h vs. control 


group 
`: Patients {n} a ve 108 
Deaths (n) 
-Mortality (%) 14.7 6.5 <0.05 





Oe “Ancludes 18 patients who received less than 3 hours of external 
pressure circulatory assistance within the first 24 hours after onset of 
myocardial infarction. NS = not significant; p = probability. 









constituted the control group and 142 the treatment” 
group. Of the latter patients, 108 received 4 or more 
hours of external pressure circulatory assistance (mean 

5.0 hours, maximum 8.1 hours) completed within the 
first 24 hours after the onset of symptoms of myocardial 

infarction and 124 received the assistance for 3 or more 

hours (mean 4.7 hours, maximum 8.1 hours) within the’ 
first 24 hours (Fig. 2), Eighteen patients in the treat- 

ment group received less than 3 hours of treatment in 

the first 24 hours. 

Time from onset of symptoms to completion of 
treatment: This interval was determined for the group- 
receiving 4 or more hours of treatment. Completion of 
4 or more hours of external pressure circulatory assis- 
tance was achieved within 12 hours of onset of symp- 
toms in 31 patients (29 percent), within 18 hours. in 45- 
patients (42 percent) and within 24 hours in 32 patients 
(29 percent). Therefore, treatment was completed 
within 18 hours of onset of symptoms in 71 percent of 
patients. 

Hospital mortality: Mortality did not differ signif- 
icantly (p >0.05) from that of the control group forthe. 
total group of 142 patients who received external pres- 
sure circulatory assistance and for the group that re-. 
ceived 3 or more hours of assistance in the first 24 hours 
(Table I). However, mortality was significantly less than 
that of the control group for those patients aged 46 or 
more years (the population in this study in which mor- 
tality occurred) who received 3 or more hours of circu- 
latory assistance in the first 24 hours (8.3 versus 17.5 
percent, p <0.05) and for the entire group that received’ 
4 or more hours of assistance in the first 24 hours (6.5 
versus 14.7 percent, p <0.05) (Table I). In addition, 
mortality from cardiac pump failure alone was signifi- 
cantly less than in the control patients for both the en-. 
tire group that received 3 or more hours of circulatory 
assistance (5.7 versus 13.8 percent, p <0.04) and the 
group that received 4 or more hours of treatment (4.6 
versus 13.8 percent, p <0.02) (Table ID. There were no 
significant differences in proportion of deaths due to 
primary cardiac arrhythmias in the treated and control 
patients. 

Specific subgroups of patients considered to be at- 
increased risk were analyzed in regard to the effects of 
external pressure circulatory assistance on mortality. 
These subgroups consisted of patients with transmural 
myocardial infarction, anterior infarction, and a Norris 
index!® greater than 6. (The Norris index is described: 
in the Appendix.) For these analyses, the treatment 








TABLE il 
Mortality Rate in Control and Patient Groups 
Patients Patients 
Cause of Control With 23h With 24h 
Death Group EPCA p EPCA p 
Pump failure 13.8% 5.7% <0.04* 46% <O.02% 00 
(16/116) (7/124) (57108) IE 
Arrhythmia 0.9% 1.6% NS” 19% NS 
(4/118) (2/124) Qi 108) 





” Compared with control group. Abbreviations as in Table |. 
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-TABLE M 





=: Comparison of Clinical Data on Admission of Control Group and Patients Aged 46 or More Years Treated With 3 or More 


o Hours ot External Pressure Circulatory Assistance 











Cardiac History 




















Age {yr} Sex Race ECG Location I ; 
= Group <50 50-59 60-69 270 M F W NonW AP Mi Both Neither Ant inf Nonkans J 
= Control 
SEUA 9 41 35 12 78 19 82 14 25 10 22 40 56 35 6 
= % 9.3) (42.3) (36.1) (12.4) (80.4). (19.6) (85.4) (14.6) (25.8) (10.3) (22.7) (44.2) (57.7) (36.1) (6.2) 
‘Treatment 
: n 43 50 32 44 94 15 96 11 26 8 20 55 54 45 10 
aS Wy (11.9) (45.9) (29.4) (12.8) (86.2) (13.8) (89.7) (10.3) (23.8) (7.3) (18.4) (50.5) (49.5) (41.3) (9.2) 
p >0.2 >0.2 >0.3 >3.8 >0.2 
HR (beats/min} Systolic BP (mm. Hg) Radiographic Class Norris index'? 
Group <60 60-79 80-99 2100 <100 100-109 110-119 120-129 2130 i i iH IV V 4-<6 6-<8 >8 
Control 
ee) 7 32 33 22 6 8 14 13 56 17 87 2 3 4 26 36 31 
f % (7.4) (34.0). (35.1) (23.4) (6.2) (8.2) (14.4) (13.4) (57.7) (19.0) (75.3) (2.2) (3.4) (4.1) (26.8) (37.1) (32.0) 
o: Treatment . 
on 6 30 41 29 6 8 12 16 67 23 71 9 1 5 33 46 25 
HY (5.7) (28.3)-(38.7) (27.4). (6.5) (7.3) (11.0) {14.7} (61.5) (22.1) (68.3) (8.6) (1.0) (4.6) (30.3) (42.2) (22.9) 
cp >0.7 >0.9 >01 0.5 








; = Ant = anterior, AP = angina pectoris; BP = blood pressure; ECG = electrocardiographic; HR = heartrate; inf = inferior; MI = myocardial infarction, 
/NoanW = nonwhite; Nontrans = nontransmural; p = probability; W = white. 


_ group consisted of patients receiving 3 or more hours of 
-circulatory assistance. Mortality in treated patients with 


_ transmural myocardial infarction was 7.1 percent (8 of 


- 118) compared with 15.4 percent (17 of 110) in the 

control group {p <0.05). Although mortality tended to 
_. be lower in the treatment group with anterior infarction 
(8.5 percent, 5 of 59) than in the control group (16.4 
percent, 11 of 67), this difference was not significant (p 
_/.>0.05). In patients with a Norris index greater than 6, 


the treated group had a significantly lower mortality 


rate, 9.6 percent (7 of 73) versus 22.7 percent (17 of 75), 
- (p <0.04). 

. < Clinical characteristics and time from onset of 
-symptoms to admission (Tables HI, IV and V): There 

-were no significant differences on admission with re- 


TABLE IV 


spect to the broad set of clinical characteristics assessed 
between the contro! group and the subgroup of patients 
aged 46 or more years with 3 or more hours of treatment, 
the entire group with 3 or more hours of treatment, or 
the entire group with 4 or more hours of treatment. In 
addition, the mean time from onset of symptoms to 
admission to the ccronary care unit was similar in the 
treatment and control groups: 6.9 versus 7.2 hours (p 
>0.05). 

Cardiac complications: Morbidity, as defined by 
several cardiac complications, was significantly less in 
each of the total treatment groups completing 3 or 4 or 
more hours of external pressure circulatory assistance, 
respectively, within the first 24 hours after onset of 
symptoms of myocardial infarction than in the control 


- Comparison of Clinical Data on Admission of Control Group and All Patients Treated With 3 or More Hours of External 


Pressure Circulatory Assistance 



































Age (yr) Sex Race Cardiac History ECG Location of MI 
Group <50 50-59 60-69 270 M F Ww W AP Mi Both Neither An inf  Nontrans 
“Control 
eee 28 41 35 42 94 22 99 16 29 t1 24 52 67 43 6 
Be Hee (24.1) (35.3). {30.2} (19.3) (81.0) (19.0) (86.1) (13.93 (25.0) (9.5) (20.7) 444.8) (57.8) (37.1) (5.2) 
Treatment 
cop 28 50... 32 14 107 17 106 16 | 29 9 23 63 59 54 11 
% (22.6) (40.3) {25.8} (11.3) (86.3) (13.7) (86.9) {13.1} (23.4) (7.3) (18.5) (50.8) (47.6) (43.5) (8.9) 
>0.3 >0.2 >0.8 >0.7 >0.2 
HR (beats/min) Systolic BP (mm Hg) Radiographic Class Norris index’? 
Group <60- 60-79 -80-99 2100 | <100 100-109 110-119 120-129 =130 i EO EO o <4 4-<6 6-<8 28 
Control : 
-n 7 40 41 25 6 9 19 7 65 21 78 § 3 7 34 43 32 
” % (6.2) (35.4) (36.3) (22.1) {5.2} (7.8) (16.4) (14.7) (56.0) (19.6) (72.9) (4.7) (2.8) (6.0) (29.3) (37.1) (27.6) 
reatment 
n 8 36 43 34 6 10 13 18 77 28 86 10 1 & 43 47 26 
% (6.6) (29.8) {25.5} (28.1) (4.8) (8.1) (10.5) (14.5) (62.1) (23.5) (67.2) (8.4) (0.18) (6.4) (34.7) (37.9) (21.0) 
p >0.6 >0.7 >0.3 >0.5 





Abbreviations as in Table Hl. 
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TABLE V 
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z Comparison of Clinical Data on Admission of Control Group and Patients Treated With 4 or More Hours of External Pressure 


Circulatory Assistance 








ECG Location Of Mi 
































; Age (yr) Sex Race Cardiac History 
3 <50 50-5960-69 270 M F WwW Nonw AP MI Both Neither Ant Inf Nontrans © 
ne 28 41 35 12 94 22 99 16 23 24 52 67 43 6 
Yy (24.1) {35:3} (30.2) (10.3) {81.0} (19.0) (86.1) (13.9) (25.0) (9.5) (20.7) {44.8) (57.8) (37.1) (8.2) 
_ Treatment 
n 22 44 31 94 14 92 14 27 7 17 57 48 50 10 
% (20.4) (40.7) (28.7) (40.2) (87.0) (13.0) (86.8) (13.2) (25.0) (6.5) {15.7} (52.8) (44.4) (46.3) (9.3) 
p >0.2 >0.8 >0.8 >0.5 >0.1 
i HR (beats/min) Systolic BP (mm Hg) Radiographic Class Norris Index'? 
100- 110- 120- 
Group <60 60-7980-99. 2100 <100 109 419 129 2130 I ji lil IV <4 4-<6 6-<8 28 
Control 
oot 7 40 41 25 6 9 19 17 65 21 78 5 3 7 34 43 32 
na 9g (6.2) (35.4) (36.3) (22.1) (5:2) (7.8) (16.4) (14.7) (56.0) (19.6) (72.9) (4.7) (2.8) (6.0) (29.3) (37.0) (27.6) 
Treatment 
n 6 34 39 26 4 8 13 16 67 22 71 9 1 5 38 43 22 
% (5.7) (32.4) (37.1) (24.8) (3.7) (7.4) (42.0) (14.8) (62.0) (21.4) (68.9) (8.7) (1.0) (4.6) {35.2} (39.8) (20.4) 
pos >0.9 >0.8 >0.4 >0.5 





; ‘Abbreviations as in Table HI- 


: group (Table VD. Data regarding change in roentgen- 
ographically determined heart size were available for 
__ 67 percent (138 patients) of the study group because of 
_ inclusion of this factor after initiation of the study. 
Other medical treatment: Analysis of pharmaco- 
logic therapy during the first 5 days of hospitalization 
demonstrated no significant differences (p >0.05) be- 
tween the groups receiving treatment (3 or more hours 
of treatment, age 46 or more years; total group with 3 or 
more hours of treatment and total group with 4 or more 
hours of treatment) and the control group with respect 
to proportion of patients receiving antiarrhythmic 
_ drugs, diuretic agents, digitalis, vasodilator drugs and 
propranolol and no differences with regard to analgesic 
or sedative therapy during the interval from 12 hours 
after admission through day 5. There was no relation 
_ between vasodilator therapy and the clinical outcome 
<in either group. Data were not available for comparative 
analysis of therapy after day 5. 
: Complications of external pressure circulatory 
„assistance: There were no complications directly at- 
tributable to this procedure. Discomfort of the lower 
limbs was a common complaint and some patients 











complained of a distressing feeling of confinement when 
in the device, but there was no injury or evidence of 
trauma from the procedure. Pulmonary embolism; 
which proved fatal, occurred in one patient. in the 
treatment group, and in none of the control group. 


Discussion 


Validity of study: This trial of application of exter- 
nal pressure circulatory assistance during the first 24 
hours after the onset of symptoms of myocardial in-~ 
farction was associated with a-reduction in hospital 
mortality and morbidity in certain large groups of pa- 
tients with acute myocardial infarction complicated by- 
mild cardiac failure. Several aspects of this study sup- 
port a relation between this treatment and the favorable 
clinical.outcome in the treated patients. The trial was 
controlled by application. of randomization in the se- 
lection of the study groups. This method provides sev- 
eral important advantages in the design of a clinical trial 
and contributes considerably to the significance of the 
results.2° Randomization affords an unbiased means of 
selecting the treatment and control groups and is the 
most practical approach to eliminating or reducing 





































TABLE VI 
Morbidity in Control Group and Groups Treated With External Pressure Circulatory Assistance (EPCA) 
23 h EPCA Control 24h EPCA Control 
n So n % p n % n % p 
Recurrent chest pain (12 h to 5 days) 49/124 39.5 68/116 586 <0.01 44/108 40.7 68/116 586 <0.01 
Progression of CHF (to class lil or IV} 8/122 6.6 17/115 14/8 <0.04 6/106 5.7 17/115 H48 <@03 .. 
Ventricular fibrillation 1/115 C.9 7/99 7.4 <0.02 1/101 1.0 7/99 7.1 0:04 
-Change in heart size <0.05 
-increase 3/74 4.0 6/63 9.5 2/64 3.1 6/63 9.8 
<- Decrease 32/74 43.2 15/63 23.8 29/64 45.3 15/63 23.8 
oo No change 39/74 §2.7 42/63 66.7 33/64 516 42/63 66.7 5 
Discharged class | 106/120 88.3 88/115 76.5 <0.02 92/104 88.5 88/116 76.5 <0.03 
: "CHF = = cardiac heart failure; p = probability. 
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systematic differences in their characteristics. Further, 
this method is the most reliable means of limiting not 
only apparent bias in selection of study populations, but 
also those inapparent factors that could affect the out- 
come of an investigation of a therapeutic intervention. 
Adequacy of randomization of our patients was assessed 
by comparative statistical analysis of multiple risk 
factors related to prognosis in acute myocardial in- 
farction. The results of the analyses are consistent with 
appropriate randomization, as reflected by comparable 
prevalence of these risk factors in the treatment and 
< control groups on entry (Tables HI to V). 

With respect to the unequal number of patients per 
institution, we considered it mandatory to include all 
patients in this prospective trial in the analysis of data. 
- Interestingly, the results of external pressure circulatory 
assistance were more favorable in institutions that 
= contributed a higher number of patients than in those 

“with fewer patients entered in the study. These differ- 
ences were not significant however. 
: -`The validity of this study was supported by rigorous 
implementation of the pretocol, randomization pro- 
“cedure, data acquisition and analytic methods. All 
< patients included and excluded were reviewed. and 
categorized at several levels of the investigation, as in- 
dicated: in the Appendix, and all exclusions are ac- 
counted for. Of further importance is the representative 
-nature of the control group in this study, in terms of 
_ hospital mortality among patients with Killip class II 
infarction!’, indicating that the observed differences 
-in outcome between the treatment and control patients 
cannot be attributed to an atypically high mortality rate 
in the latter. 

Role of duration of therapy in reducing mortal- 
ity: The beneficial clinical effects of external pressure 
circulatory assistance were closely related to the dura- 
tion of this therapy administered in the 24 hours after 
the clinical onset of acute myocardial infarction. Thus, 
whereas evidence of benefit in patients receiving less 

-than 3 hours of treatment was lacking, morbidity related 
to infarction was reduced in the groups receiving 3 or 
more or 4 or more hours of treatment (Table VI). 
Moreover, mortality in relation to that of the control 
patients was reduced in only a specific subgroup of the 
patients treated for 3 or more hours, those aged 46 or 
-more years, whereas it was decreased in the entire group 
treated for 4 or more hours (Table I). These findings 
demonstrate enhanced clinical benefit with greater 
< duration of external pressure circulatory assistance, 
“Suggesting a direct relation of this therapeutic inter- 
~ vention to the differences in outcome in the treated and 
control patients. Although mortality in the treated and 
control patients differed significantly only in the two 
aforementioned groups, outcome was consistently fa- 
vorable in all treated groups (Table I). Mortality related 
to cardiac pump failure alone was significantly less in 
the patients treated for 3 or more hours and those 
treated for 4 or more hours than in the control group 
(Table II). In this regard, it is reasonable that a bene- 
ficial effect on survival obtained from therapy with the 
potential to limit infarct size might be more directly 


reflected by a decrease in mortality due to pump failure 
than by a reduction in overall mortality. 
Role of infarct size and pump failure: The most 


critical factor determining the clinical course of pawents 
hospitalized with acute myocardial infarction is infaxct 
size, because cardiac pump failure, the major cause oÑ > 


mortality in this setting, is the result of extensive cardiac 
damage.?+ The potential for limitation of infarct size 
has been demonstrated by interventions that improve 
the balance between myocardial oxygen supply and 
demand by decreasing oxygen consumption or in- 
creasing supply. Mechanical augmentation of dia- 
stolic pressure has been utilized to achieve the latter 
effect. In this regard, it has been suggested that me- 
chanical circulatory assistance may have an important 
role in early application to control myocardial damage 
before hypotension and severe cardiac pump failure 
develop.'®-!2 This concept has recently been applied 
with resultant evidence of limitation of myocardial in- 
jury in the subgroup of patients with anterior myocar- 
dial infarction and residual patency of the left anterior 
descending coronary artery.!4 External pressure cir- 
culatory assistance may provide a noninvasive means 
to achieve this effect. 

Experimental data have demonstrated that therapy 
to limit ischemic myocardial injury is significantly in- 
fluenced by the timing of the intervention after the 
onset of infarction. Thus, hyaluronidase has been as- 
sociated with evidence of limitation of myocardial 
damage after experimental canine infarction when the 
agent was administered within 6 hours after coronary 
occlusion, whereas it had no demonstrable effect when 
given at 9 hours.*! The beneficial clinical effects of ex- 
ternal pressure counterpulsation in our patients were 
associated with application of treatment at a later time 
than that suggested as necessary by the aforementioned 
study. This discrepancy can be related at least in part 
to factors such as the inconsistency between the ex- 
perimental model ef myocardial infarction and the 
clinical entity and the multiplicity of factors that de- 
termine infarct size in man, such as the specific coronary 
artery involved and the site of obstruction, the presence 
or absence of collateral vessels and the state of myo- 
cardial oxygen demand. Nevertheless, the importance 
of early intervention in myocardial infarction to impede 
progressive ischemic damage is clear and it is noted that 
more than two thirds of our patients did complete 
treatment within 18 hours of the onset of symptoms. 

Enhancement of myocardial perfusion: role of 
augmentation of diastolic blood pressure: Previous 
studies have suggested that external pressure coun- 
terpulsation may be beneficial in ischemic heart disease 
by improving myocardial perfusion. This improvement 
could involve an increase in total coronary blood flow 
or a favorable redistribution of myocardial blood flow. 
As indicated indirectly in this study and by previous 
direct measurements of intraarterial pressure,!>!® ex- 
ternal pressure counterpulsation produces considerable 
augmentation of diastolic blood pressure, a critical de- 
terminant of coronary blood flow, of particular impor- 
tance in the presence of obstructive coronary artery 


354 February 1980 The American Journal of CARDIOLOGY Volume 45 


` 


y 
















disease. Diastolic pressure augmentation possesses the 
major advantage of increasing arterial pressure during 
the period of minimal left ventricular intramural pres- 
: sure,thereby producing a maximum gradient for coro- 
y perfusion. Enhancement of myocardial perfusion 
“nf this procedure has been suggested by studies of the 
“technique in experimental and clinical infarction 
-demonstrating improvement in cardiac metabolism and 
efficiency,2*- a reduction in S-T segment injury pat- 
tern?® and augmentation of regional contractile func- 
tion.?’ The effect on total coronary blood flow has been 
inconsistent!*2!.22 although experimental studies 
suggest that external pressure counterpulsation may 
increase coronary collateral flow to ischemic myocar- 
dium.?89 
Complications of external pressure counter- 
pulsation: Complications were limited to discomfort 
of the legs, which in a few patients may preclude this 
therapy. However, no local trauma or lesions were evi- 
dent. One patient in the treatment group had a fatal 
= pulmonary embolism. Although dislodging of thrombi 
an leg veins is a theoretic hazard with this procedure, we 
did not find an increased incidence of this complication 
with this approach. 

Implications: The early results of external pressure 
counterpulsation in this multicenter trial of patients 
with acute myocardial infarction and mild (class II) 
cardiac failure are encouraging and support further 
application and evaluation of this approach in other 
subgroups of patients with acute myocardial infarction 
and other forms of ischemic heart disease. Further ob- 
jective assessment of the effects of this treatment on 
myocardial ischemia and infarct size with current 
methods is also warranted. 


Acknowledgment 


We express our appreciation to Joseph V. Messer, MD, for 
his efforts during the conduct of this trial and gratefully ac- 
knowledge the encouragement and suggestions of Eugene 
Braunwald, MD, Leon Resnekov, MD and H.J.C. Swan, MD, 
during the design and performance of the study. We also 
thank Nubar Hagopian, BSEE, MBA, for technical assistance 
and Leslie Silvernail and Karen Gilmore for secretarial as- 
sistance. 





APPENDIX 


Randomization procedure: All patients were assigned to 
the treatment or control groups by random allocation made 
at a central, independent coordinating center. To promote 
representative distribution of patients in the treatment and 
control groups at all institutions, a separate set of random 
tables was prepared for each institution and was utilized ex- 
clusively for its patients throughout the study. On presenta- 
tion of a patient, assignment to either the control or treatment 
group was obtained by direct telephone call to the coordi- 
nating center, which was available on a 24-hour basis. 
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Exclusion of ineligible patients: The 258 patients who: 
met the study criteria were obtained from a total group of 326 
patients on whom randomization and admission to the pro- 
tocol were requested. Of this initial total, 68 patients (39 of 
181 [21.5 percent] from the treatment group and 29 of 145- 
[20.0 percent] from the control group) were ineligible on the — 
basis of study criteria and were therefore excluded. The in- 
eligible group included 39 patients who did not fulfill the 
criteria for acute myocardial infarction, 10 patients who did. 
not fulfill criteria for clinical class H status, 13 patients who 
were not admitted within the prescribed time limit, 3 patients 
with insufficient data and 3 patients who were excluded -be-- 
cause of a noncardiac death. Exclusion of 40 of these patients 
was made by the principal investigator at each institution. The 
remaining 28 patients were excluded by decision of the. 
steering committee because of absence of criteria for diagnosis. 
of myocardial infarction (10 patients), nonfulfillment.of the 
time requirements for admission (13 patients) and noncardiac- 
death (3 patients [2 in the treatment and 1 in the control i 
group]). In addition to the evaluation of all patients excluded 
from the study by the institutional principal investigator and- 
the steering committee, a review and confirmation of the va- 
lidity of exclusion was made by a physician unassociated with 
the study. 

Mortality in the ineligible patients: Analysis of mortality... 
in the 68 patients ineligible for inclusion in the study revealed 
eight deaths in the 39 patients who had been allocated tothe 
treatment group and three deaths in the 29 patients assigned - 
to the control group. Four of the eight deaths in the treatment .: 
group were in patients who, although randomized to this 
group, did not receive external pressure circulatory assistance 
because of their early exclusion by the respective institutional 
investigators on the basis of failure to meet inclusion criteria. _ 
The specific reasons for exclusion of the nonsurvivors were: < 
absence of myocardial infarction (treatment group, two pa- 
tients), failure to fulfill clinical class II criteria (treatment 
group, three; control group, one); failure to meet time re- 
quirements for entry (treatment group, one; control group, » 
one) and noncardiac death (treatment group, two; control: 
group, one). Exclusion of five of the nonsurvivors, three from 
the treatment group and two from the control group, was 
made by the steering committee on the basis of failure to meet- 
the time requirements for entry (treatment group, one patient; 
control group, one patient) and noncardiac death (treatment -: 
group, two; control group, one). The remaining six nonsurvi- 
vors were excluded by the respective institutional investiga- 
tors because of absence of myocardial infarction (treatment 
group, two) and failure to fulfill class I] criteria (treatment. 
group, three; control group, one). 

Norris index: The Norris index! is a prognostic index that 
provides a probability level for hospital mortality in patients 
with acute myocardial infarction on the basis of six readily 
measurable clinical factors on admission: (1) age, (2) electro- < 
cardiographic location of infarction, (3) systolic blood press 
sure, (4) heart size, (5) lung fields on roentgenography, and: < 
(6) history of myocardial ischemia. Each factor is assigned a — 
relative weight according to the specific data, the sum of the 
weights equaling the index score. Mortality associated with 
a score of 6 to 7 is 22 percent. 
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The clinical setting, predisposing factors and consequences of fungal 
involvement of the heart were examined in all patients with this condition 
who underwent autopsy at The Johns Hopkins. Hospital from 1889 through 
1977. The 51 patients with cardiac fungal infection were all observed since 
1954; they ranged in age from 2 weeks to 80 years; 29 were male. Fungal 
endocarditis was present in 13 patients, myocarditis in 31, pericarditis 
in 4 and pancarditis in 3. In only one instance was cardiac fungal infection- 
diagnosed during life. The infecting organisms were Candida in 34 patients, 
Aspergillus in 13, Cryptococcus in 3 and combined Candida and Asper- 
gillus in 1. The conditions appearing to predispose to fungal infection were. 
abdominal surgery in 20 patients, thoracic surgery in 7 and treatment with 
corticosteroids, antineoplastic agents or antibiotic drugs, alone or in 
combination, in 43 cases. Endocarditis was most commonly associated. 
with central venous catheters or prosthetic valve surgery and was often- 
caused by Aspergillus. Myocarditis and pancarditis usually occurred in 
a setting of gastrointestinal surgery, intense antibiotic therapy and sys- 
temic candidiasis. Death could be attributed to fungal infection in 36 pa- - 
tients and specifically to cardiac involvement in 8. Endocarditis was 
diagnosed once during life. Cardiac fungal infection, especially myocar- 
ditis, may be difficult to recognize clinically. ft is associated with extensive 
therapeutic interventions and may in itself produce a fatal outcome. 


Cardiac infection by fungi was rarely reported in the past. In 1915 
Hurley! described a patient with Blastomyces dermatitidis in the right _ 
atrium. In the first completely documented case of candidal endocarditis, 
reported in 1940,” the patient was a heroin addict. A patient with post- 
valvulotomy endocarditis due to Candida albicans was described in 
1956.3 Aspergillar mural endocarditis in a child was described in 1947.4 
Aspergillar valve endocarditis was first reported in 1950 in a patient with: 
rheumatic heart disease who received large doses of penicillin for a leg 
wound.5 Systemic fungal infections have since been identified with in- 
creasing frequency. Cardiac involvement may be difficult to diagnose 
clinically, is frequently fatal and may first be discovered at autopsy. In 
this study we systematically examined the clinical setting, predisposing 
conditions, pathologic findings and consequences of endocarditis, 
myocarditis and pericarditis in 51 patients with postmortem examina- 
tion. 


Case Material 


The cases of all patients who underwent autopsy patients at The Johns 
Hopkins Hospital from 1889 through 1977 were reviewed for histologically. 
confirmed fungal infection of the heart. There were 51 patients with stich con- 
firmation; the first identified case occurred in 1954. Among these patients the: 
incidence, clinical setting, signs contributing to early diagnosis, the consequences 
and pathologic features of cardiac fungal infection were studied. The clinical 
records, autopsy reports, histologic sections, surgical pathology material and — 
the available preserved hearts of all patients were examined. : 
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Patients were included in the study only if their heart 
demonstrated unequivocal morphologic evidence of fungal 
organisms in cardiac tissue. Because identification of organ- 
isms was made on morphologic grounds (Fig. 1), the mention 
of Candida, Aspergillus or Cryptococcus in this study must 
be understood as “organisms morphologically consistent with” 
one of these genera. However, histologic identification was 
confirmed with premortem cultures from 24 patients and with 
postmortem cultures from 8 other patients. 


Results 


The 51 patients formed three distinct clinicopathologic 
groups (Table I). Thirteen patients had fungal endo- 
carditis, occurring usually in a setting of previous car- 
diac surgery or prolonged maintenance of an infected 
central venous catheter. Thirty-four patients had fungal 


FIGURE 1. Morphology of fungi. A, Aspergillus growing through myocardium and penetrating a vessel wall. Note septa within the hyphae. B, Aspergillus 
colony growing in the epicardium. The organisms show extensive branching. C, myocardial microabscess containing spore and hyphal forms of 
Candida. The fungi may be difficult to distinguish from the inflammatory cells. D, Candida growing in the myocardium of a patient who had received 
immunosuppressive therapy. The inflammatory cell response is slight but the muscle cells invaded by organisms are necrotic. E, cryptococcal 
organisms producing a small focus of myocardial destruction apparently by mechanically pushing the muscle cells aside. There is very little in- 
flammatory cell reaction. F, Cryptococcus blastospores showing the characteristic positive reaction to mucicarmine. (Hematoxylin-eosin [A, C, 


myocarditis, usually associated with abdominal surgery 
or with prolonged administration of multiple antibiotic 
drugs. Included in this group are three patients with 


pancarditis with involvement of all three layers the 
heart that arose from a hematogenous disseminat\gn 


comparable with that producing the myocarditis only% ~ 


Only four patients had fungal pericarditis which was 
associated with cytotoxic therapy. corticosteroids, 
leukemia and pericardiectomy, respectively. 
Endocarditis (Fig. 2 and 3): Clinical features: 
Among the 13 patients with fungal endocarditis, the 
initial clinical manifestations were fever in 13, leuko- 
cytosis with a “left shift” in 8 and a new murmur with 
a palpable spleen in 3. Roth spots, Osler nodes and 
splinter hemorrhages were not described. Four patients 





E], methenamine silver [B], periodic acid-Schiff stain [D] and mucicarmine stain [F]; all X500, reduced by 6 percent.) 
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(31 percent) had clinically evident systemic embolism 
as an early sign of fungal endocarditis. Three had abrupt 
onset of neurologic changes: hemiparesis in two and 
ssf si palsy in the third. The fourth patient pre- 






seyfed with sudden femoral and mesenteric arterial 

“pcclusion by Candida-laden emboli 3 months after 
hospital discharge after implantation of a prosthetic 
aortic valve. Septic emboli arose from vegetations on the 
prosthetic valve. Femoral arterial embolectomy estab- 
lished the diagnosis of candidal embolus and led to valve 
resection. Cardiac fungal infection was diagnosed during 
life only in this patient. 

Five (38 percent) of the 13 with fungal endocarditis 
underwent thoracic surgery compared with only 1 (3 
percent) of the 34 patients with myocarditis. Similarly, 
only 2 patients (15 percent) with endocarditis under- 
went abdominal surgery in contrast to 16 patients (47 
percent) with myocarditis. Candidal thrombosis of 
central venous catheters was observed in three patients 

(23 percent). After removal of the infected catheters, 
candidemia continued, with persistence of fungi in en- 
docardial thrombi. Mitral commissurotomy for rheu- 
. “Matic valve disease in one patient was complicated by 
- candidal endocarditis, valve obstruction by vegetations, 

“and pulmonary edema. Clinically occult mycotic emboli 
occluded major arteries. 

- Pathology: Prosthetic valve implantation in three 
patients, mycotic thrombosis of central venous catheters 
in four, old bacterial endocarditis in one patient and 
rheumatic mitral stenosis in another were the major 
endocardial lesions preceding fungal endocarditis. 
Fungal vegetations complicated prosthetic valves in 
three ways: (1) obstruction causing intractable pulmo- 
nary edema, (2) multiple emboli, and (3) rupture of the 
aortic root. Fungal thrombosis of central catheters 
ranged from right atrial mural endocarditis to massive 









TABLE | 
Clinical Features of 51 Patients With Cardiac Fungal Infection 
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obstruction of tricuspid and pulmonic valve orifices by 
continuous Candida-laden thrombus.® Among the re- 
maining four patients with fungal endocarditis, there 
was no identifiable predisposing endocardial lesion. 
Instead these patients had fungal mural endocarditis 
and systemic mycosis. 

Myocarditis (Fig. 4): Clinical features: Thirty-one 
of the 34 patients had pathologically defined fungal 
myocarditis without endocardial or pericardial in- 
volvement. Unlike patients with fungal endocarditis, 
those with myocarditis had no embolic events. The 
earliest clinical sign of fungal myocarditis was a positive 
blood culture. The most frequently associated thera- 
peutic intervention related to fungal myocarditis was 
gastrointestinal surgery, which was performed in 47 
percent of these patients compared with only 2 of 13 | 
patients (15 percent) with fungal endocarditis. Other 
therapeutic interventions related to myocarditis were 
prolonged antibiotic therapy, administration of multiple 
antibiotic drugs and corticosteroids. More than 70- 
percent received a prolonged course of antibiotic ther- 
apy. Antibiotic agents typically were instituted for 
gram-negative bacteremia. Among 11 patients with ei: 
ther bacterial peritonitis or local intraabdominal ab- 
scess, 10 had fungal myocarditis. 

Pathology: Myocardial abscesses ranged from mi- 
croabscesses containing few organisms to grossly con- 
fluent regions of necrotic myocardium, inflammatory. 
cells and invasive fungi. The abscesses were grossly 
visible at autopsy in 10 (29 percent) of the 34 hearts, © 
principally as white to hemorrhagic well circumscribed 
defects in the myocardium ranging from 1 to 5 mm in 
diameter. 

The intensity of inflammatory response varied in- 
versely with the number of fungal organisms present in 
the myocardial lesions. The paucity or absence of 








Endocarditis 
Patients (n) 13 
Mean age (yr) 42 
Age range 6 wk-69 yr 
Male/Female ratio 7:6 
Thoracic surgery (n) 5 (38%) 
Open heart surgery (n) 4(31%} 
Abdominal surgery {n} 2 (15%) 
Prolonged antibiotic therapy (> 10 days) 6 (46%) 
Multipie antibiotic drugs (2:3) 5 (38%) 
Prolonged placement of intravenous catheter (n) 10 (77%) 
Corticosteroids (n) § (38%) 
Cytoxic agents {n} 2(15%) 
Leukemia (n) 2 (15%) 
Lymphoma (n) — 
Carcinoma (n) 1(8%) 
Prematurity (n) 1(8%) 
Sepsis (n) 
< Gram-negative bacteria 2 (15%) 
Staphylococcus aureus 1(8%) 
< -Pneumonia (n) 
Gram-negative bacteria 1(8%) 
- Staphylococcus aureus 1({8%) 








-n = number of patients. 
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Myocarditis/ 
Pancarditis Pericarditis Total 
34 4 51 
41 50 41 
11 days—80 yr 6 wk-72 yr 11 days—80 yr 
20:14 2:2 29:22 
1(3%) 1(25%) 7 (14%) 
1(3%) ae 5 (10%) 
16 (47%) ast 18 (385%) 
24 (71%) 2 (50%) 32 (63%) 
19 (56%) 2 (50%) 26 (561%) 
30 (88%) 4 (100%) 44 (86%) 
19 (56%) 2 (50%) 26 (51%} 
7 (21%) 2 (50%) 11 (22%) 
5 (15%) 2 (50%} 9 (18%) 
1(3%) =- 1(2%} 
6 (18%) m 7 (14%) 
1(3%) —— 2 (4%) 
17 (50%) 1 (25%) 20 (39%} 
— — 1(2%)} 
7 (21%) — 8 (16%) 
— — 1(2%) 
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polymorphonuclear leukocytes and the simultaneous 
unchecked proliferation of organisms was related to 
clinical use of immunosuppressive agents, whereas an 
intense focal myocardial necrosis with many polymor- 
phonuclear leukocytes and scarcity of organisms ap- 
peared in those patients who did not receive cytotoxic 
agents (Fig. 4, C and D). 

Pancarditis: Three of the 34 patients with myocar- 
ditis had fungal pancarditis: coincident involvement of 
endocardium, myocardium and pericardium. Abdom- 
inal surgery, gram-negative sepsis and use of multiple 
antibiotic agents or immunosuppressive therapy for 
leukemia were the clinical settings of fungal pancarditis. 
There were no predisposing endocardial or pericardial 
defects in the patients with pancarditis. All 3 hearts 
were infected with aspergillar thromboemboli. Asper- 
gillus occluded and invaded the myocardial vessels. 


There were two patterns of lesions in pancarditis. 
The more destructive type was a transmural erosion 
through contiguous regions of endocardium, myocar- 
dium and pericardium. The second type was a d&{use 
embolic pancarditis; endocardial and pericardial les\ns 


consisted of smaller but more widespread nodulat ~ 


fungal vegetations that were often contiguous with 
underlying myocardial abscesses. 

Pericarditis (Fig. 5): Only 4 of the 51 patients had 
isolated pericarditis. Underlying conditions included 
pericardiectomy, leukemia, cytotoxic therapy, pro- 
longed and multiple antibiotic therapy, corticosteroids 
and DiGeorge’s syndrome. The severity ranged from the 
subclinical to an unremitting aspergillar pericarditis 
progressing through a friction rub, diffuse S-T segment 
elevation, pulsus paradoxus, hypotension and death. A 
1 liter fibrinous and purulent pericardial effusion was 





FIGURE 2. Candida endocarditis superimposed on rheumatic mitral stenosis and complicated by systemic embolization. A, a large verrucous lesion 
is present on the atrial aspect of the anterior mitral leaflet. B, the mitral leaflet is markedly thickened as a consequence of the rheumatic heart 
disease. The large mass of fungi stains darkly in the superimposed endocarditic lesion. C, embolus surgically removed from the internal iliac artery; 
the clot consists mainly of fungi and resembles the material still present on the mitral valve. D, candida! organisms present in the embolus. (Periodic 


acid-Schiff stain X 5 [B], X10 [C] and X500 [D].) 
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found at postmortem examination in one of the four 
patients. 

Pathologic lesions ranged from insignificant visceral 
perigardial nodules to a purulent and fibrinous peri- 
cajditis. 

Organisms: Candida was the most frequently ob- 
served organism in each of the three major clinico- 
pathologic groups. When species were determined, at 
least 15 cardiac infections were due to Candida albicans 
and 2 to Candida tropicalis. Aspergillus was the second 
most frequent fungus to involve the heart. Aspergillus 
caused approximately 50 percent of all cases of endo- 
carditis, whereas Candida caused 71 percent of cases of 
myocarditis. Cryptococcus caused myocarditis in 3 
cases. 

Diagnosis: Definitive premortem diagnosis of cardiac 
fungal infection was established in only one patient. A 
diagnosis of systemic mycosis leading to antifungal 
therapy was established in 22 percent. Positive blood 
cultures were documented in 42 percent. The earliest 
identification of Candida was established by blood 
culture in 10 patients (20 percent). Nine other patients 
(18 percent) had positive cultures of urine, peritoneal 
fluid, intravenous catheters, wounds, cerebrospinal fluid 
or emboli 1 to 3 weeks before cultures of blood were 
positive. Aspergillus was never cultured from blood 
during life, whereas Candida was cultured from 54 
percent of patients with candidal cardiac infections. 

Autopsy evidence revealed the following as apparent 
sources of infection (Table II): prosthetic valves, central 
venous catheters and mitral commissurotomy in pa- 
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tients with fungal endocarditis. Fungal pneumonitis, 
esophagitis, enterocolitis and urinary tract infections 
were apparent sources of infection in patients with 
myocarditis with or without pancarditis. 

Treatment: Amphotericin B was administered to 11 
patients (22 percent), two of whom also received 5-flu- 
orocytosine. Impaired renal function prompted dis- 
continuation of amphotericin B in 4 of the 11 patients. 
Only one patient underwent resection of an infected 
valve. 

Causes of death: The nonfungal associated diseases 
of 15 patients (29 percent) immediately contributed to 
their death (Table III). These included bacterial sepsis, 
profuse gastrointestinal hemorrhage and acute renal 
failure with terminal arrhythmias. A total of 36 patients 
died with fungal infection as the principal factor con- 
tributing to their death; 8 of these died as the result of 
direct cardiac fungal involvement. 


Discussion 


Fungal infections of the heart, heretofore considered 
uncommon, have occurred with increasing frequency 
during the last two decades.’~!° In our hospital the in- 
cidence has increased from 1 case per 1,000 autopsies 
in the period from 1954 to 1961 to 4 cases per 1,000 from 
1962 through 1977. Endocarditis, myocarditis and 
pericarditis may result from involvement of the heart 
by fungus; they are virtually always associated with 
multiple therapeutic interventions. Fungal endocarditis 
was especially related to cardiac surgery and preexisting 
valvular heart disease. Fungal myocarditis was most 





had been in place for 3 weeks and death occurred from rupture of the aortotomy site, which was also infected by Aspergillus. 
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frequently associated with gastrointestinal surgery, 
prolonged multiple antibiotic therapy and corticoste- 
roid therapy. Pancarditis developed as a progression of 
myocarditis to involve endocardium and pericardium. 
Pericarditis occurred infrequently and was related to 
pericardiotomy, immunosuppression therapy and 
treatment with multiple antibiotic drugs. 


Endocarditis 


Clinical manifestations: The classic manifestations 
of bacterial endocarditis often were not seen in fungal 





endocarditis. Fever, anemia and leukocytosis occurred 
in 50 percent of patients and a new murmur developed 
in less than 25 percent. Osler nodes, Roth spots or 


splinter hemorrhages were not described in our oe 
ner- S 


whereas an earlier study’ reported their freque 
pearance. Absence of these signs should not reduce’ 
suspicion of fungal infection in the patient at risk. 
Embolic manifestations were important clinical 
features in one third of the patients with endocarditis: 
acute onset of a central neurologic deficit (hemiparesis, 
oculomotor palsy, for example), a fungus-laden macu- 





EOE NRNA 
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FIGURE 4. Fungal myocarditis. A, several large fungal abscesses are seen on the cut surface of the left ventricular myocardium. B, a purulent and 
granulomatous myocardial abscess which appears to have been present for at least 10 to 14 days. A clump of Candida is present at the upper left. 
C, a typical Candida microabscess with an admixture of organisms and acute inflammatory cells. D, focus of myocardial Candida infection in a patient 
with severe leukopenia. Spores and hyphae are growing in and destroying cardiac muscle cells. There is almost no inflammatory cell response. 


(Hematoxylin-eosin X250 [B], X500 [C] and X 125 [D].) 
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TABLE ll 
Apparent Sources of Infectious Organisms in 51 Patients 
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Myocarditis/ 
Endocarditis Pancarditis Pericarditis Total 
Patients (n) 13 34 4 51 
Prosthetic valve (n) 3 (23%) 1 (3%) wag 4 (8%) 
Central venous catheter (n) 4 (31%) 1(3%) 5 (10%) 
Mitral commissurotomy (n) 1(8%) era ae 1(2%) 
Pericardiotomy (n) ee re 1 (25%) 1(2%) 
Fungal pneumonitis (n) 2 (15%) 6 (18%) 1(25%) 9 (17%) 
Hematogenous (n) 3(23%) 15 (44%) 2 (50%) 20 (39%) 
Esophagitis (n) Lae 6 (17%) dos 6 (12%) 
Enterocolitis (n) 2 (6%) 2 (4%) 
Other (cystitis, wound infections) (n) 3 (9%) 3 (6%) 
n = number of patients. 
TABLE Ill 


lopapular rash in nonintertrigenous regions, abrupt 
major arterial occlusion and fungal endophthalmitis. 
Among four patients whose eyes were examined post- 
mortem, three had fungal chorioretinitis that would 
have been ophthalmologically visible during life. The 
typical discrete retinal lesion described elsewhere! 1-12 
may be diagnosed early in the course of endocarditis 
before the onset of more catastrophic events. 

Acute major arterial occlusion—a characteristic of 
fungal endocarditis®:!®>—may occur abruptly long after 
hospital discharge. One patient presented with mycotic 
femoral and mesenteric arterial emboli 3 months after 
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Factors Immediately Contributing to Death in 51 Patients 
With Fungal Infections of the Heart 





Fungal infection 36 (71%) 
Systemic mycosis 28 (55%) 
Cardiac fungal infection 8 (16%) 
Valve obstruction 3 (6%) 
Mycotic embolization 3 (6%) 
Aortic rupture 1(2%) 
Myocardial failure 1(2%) 

Associated diseases 15 (29%) 
Gram-negative sepsis 7 (14%) 
Gastrointestinal hemorrhage 4 (8%) 
Acute renal failure 4 (8%) 





FIGURE 5. A, aspergillar pericarditis in a patient who had undergone immunosuppressive therapy. B, colonies of Candida albicans growing in a 
fibrinopurulent pericarditis. The infection developed after pericardiotomy in an infant with DiGeorge syndrome. (Hematoxylin-eosin X250 [A and 


B].) 
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hospital discharge after prosthetic valve implantation. 
Fungal endocarditis occurred in settings ranging from 
one of positive fungal blood cultures, embolic phe- 


-1o nomena, murmurs and intractable congestive cardiac 


failure to one of an indolent infection in which the pa- 
tient succumbed to an undetected disseminated my- 
-cosis. 
=o Fungal blood cultures in aspergillar endocarditis are 
virtually always negative regardless of extent of dis- 
semination and size of vegetations.'4.15 Candida, how- 
ever, is frequently cultured during a candidal endo- 
carditis, although the diagnostic significance of candi- 
demia has been disputed!*!" as representing coloniza- 
tion and not invasive mycosis. A positive admission 
~ blood culture for Candida albicans in a woman with 
fever, rheumatic mitral disease, mitral commissurot- 
omy and congestive heart failure was dismissed as a 
` contaminant: Candidal vegetations compromising the 
“mitral valve were discovered after death (Fig. 2). This 
patient and four similar patients who died with systemic 
candidiasis document the hazard of dismissing a posi- 
tive fungal blood culture. 

An important sign of candidal endocarditis is per- 
sistence of Candida in blood cultures after removal of 
a central venous catheter that has an infected tip. The 
=< source of persistent dissemination may be a Candida- 
> laden thrombus adherent to the endocardium.'!® The 
data on hospital-acquired fungemia have recently been 
reviewed.!9 

Diagnosis: Diagnostic methods that identify fungal 
endocarditis earlier in the clinical course are necessary. 
In our series, cultures of urine, wounds, skin lesions and 
cerebrospinal fluid often grew Candida earlier than did 
blood cultures. Only one third of patients with endo- 
carditis had positive blood cultures. Aspergillus was 
never cultured from blood. 

Echocardiography may reveal an exophytic valve 
vegetation of fungal endocarditis, allowing for prompt 
medical and surgical therapy.™*! Vegetations on mitral 
and aortic valves in fungal endocarditis have been 
echocardiographically diagnosed and followed by early 
therapeutic initiatives.2%22 

Serologic determinations ef precipitin antibodies 
against the cytoplasmic constituents and cell wall of 
candidal organisms may facilitate early diagnosis of 
active infection.” Murray et aL,” in a prospective 
study, identified by serologic determinations six pa- 
tients who had candidal endocarditis after cardiac 
surgery. Precipitin antibodies are most rapidly diag- 
nosed by immunoelectrophoresis. Efficacy of antifungal 
therapy corresponds to declining titers. However, im- 
munosuppressive therapy or a disease that severely 
compromises the immune response may prevent an 
appreciable precipitin antibody response.” Diagnosis 
of systemic candidiasis may be improved with crossed 
immunoelectrophoresis.*° 

Aspergillar versus candidal endocarditis: The 
large incidence of aspergillar endocarditis among our 
patients is an unusual finding in contrast with that in 
previous series of cases of fungal endocarditis.2-27 Can- 
dida is most commonly responsible for fungal endo- 


carditis in narcotic addicts,!®.?* who may constitute a 
large proportion of the patients studied. There were no 
narcotic addicts among our patients. 

Fungal infectians have been responsible for 134o 20 
percent of all opportunistic endocarditis follodyng 
open cardiac surgery.*9 Whereas Candida is the most 
frequent cause of fungal endocarditis after open heart 
surgery,”>° Aspergillus and Candida were equally 
present in our patients with open heart surgery. Envi- 
ronmental factors play a role. Aerosolized aspergilli 
from contaminated operating room ventilating systems 
were identified as a source of postoperative aspergillar 
endocarditis in another study.*! The higher proportion 
of aspergillar endecarditis is also ascribed to patients 
who had mural encocarditis.** These patients were se- 
verely debilitated or had received immunosuppressive 
therapy and were without predisposing endocardial 
lesions. Aspergillar pneumonia was a probable portal 
of entry. 

Thus, there are two populations at risk for fungal 
endocarditis: those patients just described, who are 
debilitated but without an initial endocardial lesion, and 
those patients whose endocardium has been damaged. 
Patients with an altered immune defense and asper- 
gillosis are at risk for endocarditis even without an an- 
tecedent lesion. Similar involvement of the endocar- 
dium has been described in cancer patients with cardiac 
candidiasis.*3-"4 

Aspergillus was more invasive than Candida in our 
series. Aspergillus endocarditis involved contiguous 
myocardium more frequently than did candidal endo- 
carditis. Aspergillus eroded through the aorta in a pa- 
tient with an infected presthetic aortic valve. It caused 
transmural erosion of the mitral valve ring and pro- 
duced each of the three cases of pancarditis. The in- 
vasiveness and myocardial necrosis adjacent to mycelia 
may be due in part to the organism’s elaboration of ox- 
alic acid, which is toxic te tissue.33 
Myocarditis 

The importance of myoearditis has been emphasized 
only reeently.26-97 Among patients with disseminated 
candidiasis, the frequency of myocarditis may exceed 
60 percent.%638 Franklin et al.°6 deseribed new con- 
duction disturbances, supraventricular arrhythmias and 
QRS changes in the electrocardiogram. These changes 
are not specific for fungal myocarditis.29 Candidal 
myocarditis has caused complete heart block at the His 
bundle.” Myocarditis may progress to involve the en- 
docardium or pericardium. 

Several patients in our large series of myocarditis 
had extensive conflueat abscesses even though myo- 
carditis is said not to be diffuse®’ and of little clinical 
significance.” Two patients with widespread confluent 
candidal myocarditis had a relentless course of intrac- 
table congestive heart failure without other apparent 
cause. Mvocarditis oftem occurs in the setting of fungal 
sepsis and may be very difficult to diagnose before 
death,4! 

The predisposing clinical setting in myocarditis of 
abdominal surgery, intensive antibiotic therapy and 
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corticosteroid therapy contrasts with that of thoracic 
surgery, valve disease and infected central venous 
catheters in endocarditis. Candida was the over- 
whelming cause of myocarditis, whereas Aspergillus was 
an important cause of endocarditis and serious com- 


plications. Myocarditis did not cause the embolic 
complications or new murmurs of endocarditis. Con- 
- tiguous myocardial abscesses extended into the peri- 
-` cardial space as the principal mechanism for pericarditis 
in this series. 


Pericarditis 


‘The pericardial space was infected either by erosion 
of a contiguous myocardial abscess or by direct con- 
tamination during or after thoracotomy. The infre- 
quency of fungal pericarditis within a series of cardiac 
mycoses has been observed."3364! Lesions ranged from 
small pericardial nodules to widespread purulent per- 
icarditis. Postthoracotomy purulent pericarditis, whose 
cause is usually bacterial, has presented with increased 
frequency.*” Severe fungal pericarditis may occur with 
¿po history of thoracic surgery (Table I). Aspergillar 
‘pericarditis resulted in fatal cardiac tamponade in a 
< pancytopenic woman. Signs of pericarditis in the im- 














mune-compromised patient may be due to underlying 
cardiac fungal infection. 


Treatment 


Therapeutic results of cardiac fungal infection remain 
dismal. Patients undergoing treatment for fungal en- 
docarditis have had a survival rate of less than 20 per- 
cent. Early diagnosis is difficult but crucial to suce- 
cessful treatment. Delay or failure in establishing the 
diagnosis, embolization causing extracardiac foci of - 
infection, invasion of myocardium,*? poor penetration _ 
of amphotericin B into vegetations and severity of 
underlying disease?” contribute to the bleak prognosis. 
Early surgical intervention,**~*© especially in patients 
with prosthetic valves,4748 and concomitant medical 
therapy*®**9 are advocated for fungal endocarditis. The 
toxicity and administration of amphotericin B have 
been well reviewed.2705! Synergism between ampho- 
tericin B and 5-fluorecytosine has been demonstrated; 
this combination is recommended in serious candidal 
infections.*? Treatment of the underlying disease is- 
imperative. A minimal follow-up period of 2 years in 
successfully treated patients is strongly encour- 
aged.®? 
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é BRIEF SUMMARY 
3 Kaon® Elixir (potassium gluconate) Grape or Lemon-Lime Flavors 
Sugar-Free 
Description: Each 15 ml (tablespoonful) supplies 20 mEq of elemental pota: 
(as potassium gluconate. 4.68 g) with saccharin and aromatics. Alcohol 5% 
Indications: Kaon Elixir is indicated for the treatment of potassium depletio: 
patients with hypokalemia and for the treatment of digitalis intoxication. Kao! 
Elixir is also indicated for the prevention of potassium depletion when the die 
intake of potassium is inadequate for this purpose. The prophylactic administr: 
of potassium ion may be indicated in patients receiving digitalis and diuretics for 
treatment of congestive heart failure; hepatic cirrhosis with ascites; patients with 
hypertension on long-term diuretic therapy; patients on corticosteroid therapy; 
hyperaldosteronism states with normal renal function; the nephrotic syndrome; and 
certain diarrheal states 
ae Contraindications: Potassium supplements are contraindicated in patients with hyp 
Pity kalemia since a further increase in serum potassium concentration in such patients can 

































































LE r; produce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Ch 
E i PRES ss renal failure. systemic acidosis such as diabetic acidosis, acute dehydration, extensive tissue 
i hi breakdown as in severe burns, adrenal insufficiency, or the administration of a potassium-spa 
2 


diuretic (e.g. spironolactone, triamterene) 
Warnings: Do not administer full strength. Kaon Elixir may cause gastrointestinal irritation if adn 
tered undiluted. For details regarding adequate dilution, see Dosage and Administration 
In patients with impaired mechanisms for excreting potassium. the administration of potassium salts 
produce hyperkalemia and cardiac arrest. This occurs most commonly in patients given potassium by the 
intravenous route but may also occur in patients given potassium orally. Potentially fatal hyperkalemia can 
develop rapidly and be asymptomatic. The use of potassium salts in patients with chronic renal 
disease, or any other condition which impairs potassium excretion, requires particularly careful 
monitoring of the serum potassium concentration and appropriate dosage adjustment. 
Hypokalemia should not be treated by the concomitant administration of potassium salts 
and a potassium-sparing diuretic (e.g. spironolactone or triamterene) since the simultaneous 
administration of these agents can produce severe hyperkalemia 
Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potassium deple- 
tion. In interpreting the serum potassium level, the physician should bear in mind that acute 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body 
potassium, while acute acidosis per se can increase the serum potassium concentra- 
tion into the normal range even in the presence of a reduced total body potas- 
sium. The treatment of potassium depletion, particularly in the presence of 
cardiac disease, renal disease, or acidosis. requires careful attention to acid- 
base balance and appropriate monitoring of serum electrolytes, the electro- 
cardiogram, and the clinical status of the patient 
In hypokalemic states, especially in patients on a low-salt diet. 
hypochloremic alkalosis is a possibility that may require 
chloride as well as potassium supplementation. In these 
circumstances, potassium replacement with potassium 
chloride (e.g.'Kaochlor 10% Liquid. W-T) may be more 
advantageous than with other potassium salts. However, 
Kaon can be supplemented with chloride. Ammonium 
chloride is an excellent source of chloride ion (18.7 mEq 
per gram) but it should not be used in patients with hepatic 
cirrhosis where ammonium salts are contraindicated 
Adverse Reactions: Nausea. vomiting, diarrhea, and 
abdominal discomfort have been reported. The symp- 
toms and signs of potassium intoxication iriclude 
paresthegias of the extremities. flaccid paralysis. 
listlessnéss, mental confusion, weakness and heav 
iness of the legs. fall in blood pressure. cardiac ar- 
rhythmias. and heart block 
Overdosage: The administration of oral potassium 
salts to persons with normal excretory mechanisms 
for potassium rarely causes serious hyperkalemia 
However. if excretory mechanisms are impaired or if 
potassium is administered too rapidly intravenously, po- 
tentially fatal hyperkalemia can result (see Contraindica- 
s and Warnings). It is important to recognize that hyper- 
Hs usually asymptomatic and may be manifested only by an 
grin potassium concentration and characteristic electtocardio- 
© changes (peaking of waves. loss of P-wave, depression of S-T seg- 
land prolongation of the QT interval). Late manifestations include 
“paralysis and cardiovascular collapse from cardiac arrelit 
Supplied: Pints and gallons in Grape and Lemon-Lime flavors; 15 ml 
BPak® and 4 fl. oz. in Grape flavor only 
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Mobile Power 


YouCan Control. S% Te aS 
Take it anywhere—and interface it ES >. = 
with any gamma camera. = w 
Newest of our Spectrum One nuclear medicine computers za 
and cameras, the MCS-560 makes analysis of cardiology and 











A nuclear medicine procedures easy. 
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BRETYLOL — 


(bretylium tosylate) 


Unique antifibrillatory-antiarrhythmic effect 
Unique mechanism of action 
Unique safety: no cardiac depression 


Bretylol“ (bretylium tosylate), the unique 

new antifibrillatory-antiarrhythmic, provides 
lifesaving effects in the suppression of life- 
threatening ventricular arrhythmias unresponsive 
to lidocaine. 


See last page of this advertisement for prescribing information. 
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BRETYLOL INJECTION 


FOR INTRAMUSCULAR OR INTRAVENOUS USE 


DESCRIPTION 
BRETYLOL (bretylium tosylate) is o-Bromobenzyl ethyidimethylammonium p-toluene sulfonate. The 
chemical structure is: 


CHs $ P 
CH2-N- CoHs CHa SO3 
CH3 
Br 
C18H24BrNO3S Mol. Wt. 414.39 


BRETYLOL is a white, crystalline powder with an extremely bitter taste. It is freely soluble in 
water and alcohol. Each mi of sterile, pyrogen-free solution contains 50 mg bretylium tosylate in 
Water for Injection, USP. The pH is adjusted, when necessary, with dilute hydrochloric acid or 
sodium hydroxide. BRETYLOL contains no preservative. 


CLINICAL PHARMACOLOGY : 

BRETYLOL (bretylium tosylate) is a bromobenzyl quaternary ammonium compound which selec- 
tively accumulates in sympathetic ganglia and their postganglionic adrenergic neurons where it 
inhibits norepinephrine release by depressing adrenergic nerve terminal excitability. 

BRETYLOL also suppresses ventricular fibrillation and ventricular arrhythmias. The mechanisms 
of the antifibrillatory and antiarrhythmic actions of BRETYLOL are not established. In efforts 
to define these mechanisms, the following electrophysiologic actions of BRETYLOL have been 
demonstrated in animal experiments: 

1. Increase in ventricular fibrillation threshold. 

2. Increase in action potential duration and effective refractory period without changes in heart rate. 
3. Little effect on the rate of rise or amplitude of the cardiac action potential (Phase 0) or in 
resting membrane potential (Phase 4) in normal myocardium. However, when cell injury slows the 
rate of rise, decreases amplitude, and lowers resting membrane potential, BRETYLOL restores 
these parameters toward normal. 

4. Increase in impulse formation and spontaneous firing rate of pacemaker tissue as well as 
increased ventricular induction velocity. 

The restoration of injured myocardial cell electrophysiology toward normal, as well as the increase 
of the action potential duration and effective refractory period without changing their ratio to each 
other, may be important factors in suppressing re-entry of aberrant impulses and decreasing induced 
dispersion of local excitable states. 


BRETYLOL induces a chemical sympathectomy-like state which resembles a surgical sym- 


pathectomy. Catecholamine stores are not depleted by BRETYLOL, but catecholamine effects on 
the myocardium and on peripheral vascular resistance are often seen shortly after administration 
because BRETYLOL causes an early release of norepinephrine from the adrenergic postganglionic 
nerve terminals. Subsequently, BRETYLOL blocks the release of norepinephrine in response to 
Neuron stimulation. Peripheral adrenergic blockade regularly causes orthostatic hypotension but 
has less effect on supine blood pressure. The relationship of adrenergic blockade to the anti- 
fibrillatory and antiarrhythmic actions of BRETYLOL is not clear. In a study in patients with 
frequent ventricular premature beats, peak plasma concentration of BRETYLOL and peak hypo- 
tensive effects were seen within one hour of intramuscular administration, presumably reflecting 
adrenergic neuronal blockade. However, suppression of premature ventricular beats was not maxi- 
mal until 6-9 hours after dosing, when mean plasma concentration had declined to less than one-half 
of peak level. This suggests a slower mechanism, other than neuronal blockade, was involved in 
suppression of the arrhythmia. On the other hand, antifibrillatory effects can be seen within 
minutes r an intravenous injection, suggesting that the effect on the myocardium may occur 
quite rapidly. 

BRETYLOL has a positive inotropic effect on the myocardium, but it is not yet certain whether 
this effect is direct or is mediated by catecholamine release. 

BRETYLOL is eliminated intact by the kidneys. No metabolites have been identified following 
administration of BRETYLOL in man and laboratory animals. In man, approximately 70 to 80% of a 
14C-labelled intramuscular dose is excreted in the urine during the first 24 hours, with an additional 
10% excreted over the next three days. 

In various studies of BRETYLOL excretion, estimates of the terminal half-life have varied from 
about 5 to about 10 hours, with an even wider range in individual subjects (4 to 17 hours). Whether 
this represents true intrapatient variability or limitations of methodology remains to be determined. 


Effect on Heart Rate: There is sometimes an initial small increase in heart rate when BRETYLOL 
is administered, but this is an inconsistent and transient occurrence. 


Hemodynamic Effects: Following intravenous administration of 5 mg/kg of BRETYLOL to 
patients with acute myocardial infarction, there was a mild increase in arterial pressure, followed 
by a modest decrease, remaining within normal limits throughout. Pulmonary artery pressures, 
pulmonary capillary wedge pressure, right atrial pressure, cardiac index, stroke volume index, and 
stroke work index were not significantly changed. These hemodynamic effects were not correlated 
with antiarrhythmic activity. 

Onset of Action: Suppression of ventricular fibrillation is rapid, usually occurring within minutes 
following intravenous administration. Suppression of ventricular tachycardia and other ventricular 
arrhythmias develops more slowly, usually 20 minutes to 2 hours after parenteral administration. 


INDICATIONS 

BRETYLOL is indicated in the treatment of life-threatening ventricular arrhythmias, principally 
ventricular fibrillation and ventricular tachycardia, that have failed to respond to adequate doses 
of a first-line antiarrhythmic agent, such as lidocaine or procainamide. At this time, BRETYLOL 
should not be considered a first-line antiarrhythmic agent. 

Use of BRETYLOL should be limited to intensive care units, coronary care units or other facilities 
where onan and personnel for constant monitoring of cardiac arrhythmias and blood pressure 
are available. 

Following injection of BRETYLOL there may be a delay of 20 minutes to 2 hours in the onset of 
antiarrhythmic action, although it appears to act within minutes in ventricular fibrillation. The 
delay in effect appears to be longer after intramuscular than after intravenous injection. 


CONTRAINDICATIONS 
There are no contraindications to use in treatment of ventricular fibrillation or life-threatening 
refractory ventricular arrhythmias. 


WARNINGS 

1. Hypotension: Administration of BRETYLOL regularly results in postural hypotension, sub- 
jectively recognized by dizziness, light-headedness, vertigo or faintness. Some degree of hypo- 
tension is present in about 50% of patients while they are supine. Hypotension may occur at doses 
lower than those needed to suppress arrhythmias. 


Patients should be kept in the supine position until tolerance to the hypotensive effect of 


BRETYLOL develops. Tolerance occurs unpredictably but may be present after several days. 





~~ Hypotension with supine systolic pressure greater than 75 mm Hg need not be treated unless there 


are associated symptoms. If supine systolic pressure falls below 75 mm Hg, an infusion of dopamine 
or norepinephrine may be used to raise blood pressure. When catecholamines are administered, a 
dilute solution should be employed and blood pressure monitored closely because the pressor 
effects of the catecholamines are enhanced by BRETYLOL Volume expansion with blood or plasma 
and correction of dehydration should be carried out where appropriate. 


2. Transient Hypertension and increased Frequency of Arrhythmias: Due to the initial 
release of norepinephrine from adrenergic postganglionic nerve terminals by BRETYLOL, transient 
hypertension or increased frequency of premature ventricular contractions and other arrhythmias 
may occur in some patients. 


3. Caution During Use with Digitalis Glycosides: The initial release of norepinephrine caused 
by BRETYLOL may aggravate digitalis toxicity. When a life-threatening cardiac arrhythmia occurs 
in a digitalized patient, BRETYLOL should be used only if the etiology of the arrhythmia does not 
appear to be digitalis toxicity and other antiarrhythmic drugs are not effective. Simultaneous 
initiation of therapy with digitalis glycosides and BRETYLOL should be avoided. s] 


4. Patients with Fixed Cardiac Output: In patients with fixed cardiac output li.e., severe aortic 
Stenosis or severe pulmonary hypertension) BRETYLOL should be avoided since severe hypotension 
may result from a fall in peripheral resistance without a compensatory increase in cardiac output. 
if survival is threatened by the arrhythmia, BRETYLOL mey be used but vasoconstrictive catechol- 
amines should be given promptly if severe hypotension occurs. 


USE IN PREGNANCY 

The safety of BRETYLOL in human pregnancy has not been established. However, as the drug is 
intended for use only in life-threatening situations, it may be used in pregnant women when its 
benefits outweigh the potential risk to the fetus. 


USE IN CHILDREN 

The safety and efficacy of this drug in children has not been established. BRETYLOL has been 
acministered to a limited number of pediatric patients, but such use has been inadequate to define 
fully proper dosage and limitations for use. 


PRECAUTIONS 

1. Dilution for Intravenous Use: BRETYLOL should te diluted (one part BRETYLOL with four 
parts of Dextrose Injection, USP or Sodium Chloride Injection, USP) prior to intravenous use. Rapid 
intravenous administration may cause severe nausea and vomiting. Therefore, the diluted solution 
should be infused over a period greater than 8 minutes. In treating existing ventricular fibrillation 
BRETYLOL should be given as rapidly as possible and mey be given without dilution. 


2. Use Varlous Sites for Intramuscular Injection: When injected intramuscularly, not more 
than 5 ml should be given in a site, and injection sites should be varied since repeated intra- 
muscular injection into the same site may cause atrophy and necrosis of muscle tissue, fibrosis, 
vascular degeneration and inflammatory changes. 


3. Reduce Dosage in Impaired Renal Function: Since BRETYLOL is excreted principalis 
via the kidney, dosage shoulc be reduced in patients with impaired renal function. l 


ADVERSE REACTIONS 

Hypotension and postural hypotension have been the most frequently reported adverse reactions 
(see Warnings section). Nausea and vomiting occurred in about three percent of patients, primarily 
when BRETYLOL was administered rapidly by the intravenous route (see Precautions section). 
Vertigo, dizziness, light-headedness and syncope, which sometimes accompanied postural hypo- 
tension, were reported in about 7 patients in 1000. 

Bradycardia, increased frequency of premature ventricular contractions, transitory hypertension, 
initial increase in arrhythmias (see Warnings section), precipitation of anginal attacks, and sensa- 
tion of substernal pressure have also been reported in a small number of patients, i.e., approximately 
1-2 patients in 1000. 

Renal dysfunction, diarrhea, abdominal pain, hiccups, erythematous macular rash, flushing, 
hyperthermia, confusion, paranoid psychosis, emotional lability, lethargy, generalized tenderness, 
anxiety, shortness of breath, diaphoresis, nasal stuffiness and mild conjunctivitis, have been reported 
in about 1 patient in 1000. The relationship of BRETYLOL administration to these reactions has 
not been clearly established. 


DOSAGE AND ADMINISTRATION 

BRETYLOL is to be used clinically only for treatment of life-threatening ventricular arrhythmias 
under constant electrocardiographic monitoring. Since there is a delay in onset of its antiarrhythmic 
action, BRETYLOL is not to be considered or used as a replacement for rapidly-acting antiarrhythmic 
agents currently in use. The clinical use of BRETYLOL is for short-term use only. Patients should 
either be kept supine during the course of BRETYLOL therapy or be closely observed for postural 
hypotension. The optimal dose schedule for parenteral administration of BRETYLOL has not been 
determined. There is comparatively little experience with dosages greater than 30 mg/kg/day, 
phe ites doses have been used without apparent adverse effects. The following schedule is 
suggested: 


A. For immediately Life-threatening Ventricular Arrhythmia, as in Ventricular Fibrillation: 
Administer undiluted BRETYLOL at a dosage of 5 mg/kg of body weight by rapid intravenous 
injection. Other usual cardiopulmonary resuscitative procedures, including electrical cardioversion, 
should be employed prior to and following the injection in accordance with good medical practice. - 
if ventricular fibrillation persists, the dosage may be increased to 10 mg/kg and repeated at 15 to 
30 minute intervals until a total dose of not more than 39 mg/kg of body weight has been given. For 
maintenance dosage, see below. 


B. Other Ventricular Arrhythmias: 

1. Intravenous Use: BRETYLOL must be diluted as follows before intravenous administration: Using 

aseptic technique, dilute contents of one BRETYLOL ampul (10 mi containing 500 mg bretylium 

tosylate) to a minimum of 50 mi with Dextrose Injection, USP or Sodium Chloride Injection, USP. 
Administer the diluted solution at a dosage of 5 to 10 mg BRETYLOL per kg of body weight by 

intravenous infusion over a period greater than 8 minutes. More rapid infusion may cause nausea 

and vomiting. A second dose may be given in 1 to 2 hours if the arrhythmia persists. 


2. For Intramuscular injection: (Do not dilute BRETYLOL prior to intramuscular injection.) 
Inject 5 to 10 mg BRETYLOL per kg of body weight. Dosage may be repeated in 1 to 2 hours if the 
arrhythmia persists. Thereafter maintain with same dosage every 6 to 8 hours. 

Intramuscular injection should not be made directly into or near a major nerve, and the site of 
injection should be variec on repeated injection. 


C. Maintenance Dosage: The diluted BRETYLOL solution may be administered by intermittent 
bolus infusion or by constant infusion. 

1. Intermittent Infusion: Infuse the diluted solution at a dosage of 5 to 10 mg BRETYLOL per kg 
body weight, over a period greater than 8 minutes, evry 6 hours. More rapid infusion may cause 
nausea and vomiting. 

2. Constant infusion: infuse the diluted solution at a dosage of 1 to 2 mg BRETYLOL per minute. 


Dosage of BRETYLOL should be reduced and discontinued in 3 to 5 days under electrocardiographic 
Monitoring. Other appropriate antiarrhythmic agents should be substituted, if indicated. a 


HOW SUPPLIED ` 
NDC 0094-0012-10: 10 mi ampul containing 500 mg tretylium tosylate in Water for Injection, USP. 
K adjusted, when necessary, with dilute hydrochloric acid or sodium hydroxide. Sterile, pyrogen- 
ree. July 1978 


ARNAR-STONE LABORATORIES, INC. 


McGaw Park, Illinois 60085 
A Subsidiary of American Hospital Supply Corporation 


See us at Booth Nos. 1003 & 1005 American College of Cardiology Show Houston March 10-13. 


PERFORMING STRESS TESTS? 
CONTROL THEM WITH COLLINS 


Stress testing requires accurate control and monitoring 
of cardiac output. That means utilizing an exercise device 
which will maintain the subject's heart rate at a constant 
BPM by varying the work load. That means Pedalmate! 


The Pedalmate is an ergometer which offers two modes of 
operation. In the ‘Heart Rate Control Mode,’ the work load 
is automatically varied by means of a feedback control 
signal which is proportional to the difference between the 
subject’s actual heart rate and a preset, selectable heart 
rate. The subject's actual heart rate is detected by a blood 
pressure wave transducer which attaches comfortably to 
the earlobe. The fine adjustment in work load makes it 
possible to exercise the subject at a preset heart rate level 
for a preselected time. 


When in the ‘Manual Mode,’ the Pedalmate presents the 
subject a constant load (manually variable) which re- 
mains constant independent of pedal rate. 


SPECIFICATIONS 
Heart Rate Control Accuracy: +5BPM 
Heart Rate Accuracy: +2% of reading 
Watt Load Accuracy: +5% of reading 
Pedal Rate Accuracy: +2% of reading (0-120 rpm) 
Heart Rate Range: 40 to 180 BPM 
Watt Load Range: 25 to 200 watts 
(150 to 1200 KPM/min.) 
Pedal rpm Range: 0-120 rpm (30-120 rpm 
constant work) 
Timer Range: 0 to 30 minutes 
Lamp Indicators: AC Power Lamp, Heart Beat 


LED, Heart Control Program 
Run Lamp 
Meters: Heart Rate (BPM), 

Pedal Rate (rpm), 
Work Load (watts) 

Other Controls: Mode Select Switch, 
Preset Heart Rate Dial, 
Manual Watt Load Control, 
Key Power Switch 

Output Signals: Heart Rate CAL Factor = 
1 BPM/50 mv. 
Watt Load CAL Factor = 
1 watt/50 mv. 


For additional information, write or call 


Warren E. Collins, Inc., 220 Wood Road 
Braintree, MA 02184 Tel. (617) 843-0610 
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Products, Services,R 


Since 1964, ELA MEDICAL’s service to the 
has been built around a coherent line of innovative pr 
on the needs of cardiovascular therapy. 


FROM DIAGNOSIS... 
Holter analysis. Fast, accurate, meaningful. 
Speed, accuracy, and a uniquely meaningful way 


are three of the many features of the Anatec, the world’s firs 
Holter scanner. 


.. THROUGH THERAPY... 
Pacemakers. Innovative, physiologically compatibl 
for every need. 


ELA MEDICAL, among the pioneers. of iithiur 
and a leader in improving size and shape, has developed 
access connector. The new Unilith® elegantly unites techi 
the multiprogrammable, with microcomputer telemetry, i 
ELA MEDICAL also features a wide range of special 
automatic tachycardia reduction, the sophisticated Or 
tachyarrythmias, and a full line of leads and external pace 


TO FOLLOW-UP. 
Non-invasive pacemaker analysis. 

The SUSI 2 combines all the instrumentation of 
center in a single compact analyzer, and it provides a pe! 
all electrical parameters, including the waveform. Trans 
available. Additionally, the SCE 22 provides a quick and e 


Corporate Headquarters, ELA Médical, 98-100, rue Maurice Arnoux, 
Fel. (1) 6S7ALSI. Télex DIRELA 200991 F. 


LS. Headquarters, ELA Medical Inc.. 6009 Wayzata Boulevard, Suite 106:N 
(612) 546-2274. TWX 910-576-1777. 


Diagnosis-Therapy-Foll 





Selectively Increases 
Myocardial Contractility 

with Consistent 
Hemodynamic Improvements 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures, 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. Increase in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
risk of developing rapid ventricular response. 


Patients with preexisting hypertension ap- - 


pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity—Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 


Dobutrex: 


Dobutamine HCI 


For I.V. injection 
250 mg* in 20-ml-size vials 
* Equivalent to dobutamine 







drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy—Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility. 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women anc 
should be used only when the expectec 
benefits clearly outweigh the potential risks 
to the fetus. 

Pediatric Use—The safety and effective- 
ness of Dobutrex® (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 

Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: Increased Heart Rate, 
Blood Pressure. and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic anc 
pressor effects. Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 

No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

Longerlerm Safety—infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability—Dobutrex® (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 mi of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion, Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage—The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250,500, and 1000 mcg/ml 
Infusion Delivery Rate 





Drug Delivery 
Rate 250 mcg/mi* 500 mcg/ml? 1000 mcg/mit 
(meg/kg/min) (ml/kg/min) (ml/kg/min) (ml/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 01 


*250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 ml of diluent 
+1000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. (081678) 


Additional information available to 
Lilly the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206 


901105 





INTRODUCING STATUS 1000 


WITH AN IMAGINATION 
TO MATCH YOUR OWN 


Status 1000, The ECG Monitor 
That Gives You Programmable 
Control Over Every Aspect Of 
The Stress Test. 

Quinton’s Status 1000 is the first 
ECG stress test system that lets you 
use your imagination to modify or 
reprogram at will the various ele- 
ments of a stress test. 

Not just treadmill protocol, 
but lead selection, ST sample point, 
recorder speed, patient name, final 
report content and length, blood 
pressure prompting, etc. Everything 
isin your control like it should be. 

Use your professional 
imagination to create and program 
customized test procedures for 
pediatric, research, post-M.l., 
rehab., or out-patient situations. 

Each physician in your institu- 
tion can have their own preferred 
test procedure stored in memory. 

With the Status 1000 you and 
your colleagues can customize test 
procedures based on the require- 
ments of the patient, not the restric- 
tions of the ECG system. 

How The Sophisticated Status 
1000 Makes Test Flexibility So 
Complete And Easy 

With The Status 1000, Quinton 
introduces a new term, the “Stress 
Test Environment”. It consists of 16 
test elements. Each element, such 





AOPLIFIER/AYPLIFIER 


GAIN KEY 


as exercise lead set, or final report 
content, has parameters which 
you can establish or modify to suit 
your needs. 





Yet, programming the Status 
1000 is as easy as Operating a pocket 
calculator. so special training is 
not required. 


Comprehensive Data, 
Professionally Presented 

In a single glance you see three 
channels of diagnostic quality ECG, 
averaged beats (both resting and 
current), heartrate, computed 
parameters, trend displays, 
stage number, stage time and 
elapsed time. 

Plus, any abnormal beat will be 
instantly highlighted on thescreen, 
then recarded and labeled 
automatically. 

Your control extends to test 
reports, too. Printouts during the 
test may include averaged beats, 
rhythm strips, or full |2-leads. Final 
reports may include a wide variety 
of information. And each reportis 
automatically labeled with pertinent 
data. Good bye work sheet. 





Stay Ahead With The 
Status 1000 

Because of the Status 1000's 
unparalleled flexibility and micro- 
processor technology its susceptibil- 
ity to obsolescence is far less than 
other systems. And that makes it a 
good investment for you and your 
institution. Call Quinton toll free at 
1-800-426-0538. 


Quinton 
instrument co. 


The Stress Test People 


2121 Terry Avenue 
Seattle, Washington 98121 
206/223-7373 Telex 328840 








With The Quick-Prep™ e 
Method, A Three-Second Prep i pate 
Per Electrode Provides Both 
High Quality Tracings And 

Happy Pat 
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ients 





proof method of skin prepara- 


tion that makes everyone happy 


Quick-Prep Consistently 
Delivers High Quality ECG 
Tracings 

The Quik-Prep method includes 





FINALLY, A STABLE ECG BASE-LINE 
WITHOUT PATIENT PAIN 

























Quik-Prep Reduces Prep 
Time For Greater Schedulin 
Flexibility. 
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cheduling flexibility 
Seeing is Believing. Call 
Toll Free For A Quik-Prep 
Demonstration. 
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ADVERTISEMENT 


Recent Literature 


Implicates Quinidine in Raising 
Serum Digoxin Levels 


Evidence that serum digoxin concentra- 
tions are increased by concomitant treat- 
ment with quinidine has been reported by 
several investigators. Excerpts are pre- 
sented here. 


“After digoxin radioimmunoassay became avail- 
able...we noticed that serum digoxin concentra- 
tions rose, often markedly, when quinidine was 
administered to stable patients receiving digoxin. 
Our retrospective study...investigates this impor- 


tant interaction between quinidine and digoxin and | « 


demonstrates that quinidine administration causes 
an increase in plasma digoxin concentration. 
In addition, our findings suggest that some of the 
toxicity previously attributed to quinidine may 
actually represent quinidine-induced digitalis 
toxicity.” 

—From Reiffel, J. A., and others: A Previously Unrec- 


ognized Drug Interaction Between Quinidine and 
Digoxin, Clin. Cardiol. 2:40-42, 1979. 


“The present study has shown a consistent change 
in the disposition of digoxin in the presence of 
quinidine, suggesting that this interaction may be 
extremely common....Digoxin toxicity appears to 
be enhanced in the presence of quinidine, and 
therefore a decrease in digoxin dosage is suggested 
when the drugs are given concurrently, Frequent 
assessment of the plasma concentration of digoxin 
and careful attention to the clinical symptoms of 
toxicity are suggested when the two drugs are 
given in combination.” 

—From Hager, W. D., and others: Digoxin-Quinidine 


Interaction: Pharmacokinetic Evaluation, N. Engl. J. 
Med. 300:1238-1241, 1979. 


“All 12 patients showed a rise in plasma digoxin 
concentrations when quinidine was given (mean 
value 1.1 nmol/l (0.85 ng/ml) before quinidine, 
and 2.0 nmol/l (1.6 ng/ml) after quinidine). Five 
determinations of plasma digoxin were made in 
each patient after the start of quinidine treatment. 
One of the six patients whose plasma concentra- 
tions rose above the therapeutic range on one or 
more occasions developed symptoms of digitalis 
intoxication.” 


—From Ejvinsson, G.: Effect of Quinidine on Plasma 
Concentrations of Digoxin, Br. Med. J. /:279-280, 1978. 


Copyright © 1979, Searle Pharmaceuticals Inc. 
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“It is of interest that the most dangerous cardiac 
side effect of quinidine, syncope, has occurred pri- 
marily in patients treated with both quinidine and 
digoxin. In retrospect it appears likely that their 
serum digoxin levels were elevated.... 

“The extent of the serum digoxin elevation 
depends on the dosage of quinidine. In our studies 
...the usual therapeutic dose (1000 mg per day) 
led to a 2.5-fold increase in the digoxin concentra- 
tion within four to six days.” 


—From Doering, W.: Quinidine-Digoxin Interaction: 
Pharmacokinetics, Underlying Mechanism and Clinical 
Implications, N. Engl. J. Med. 301 :400-404, 1979. 


... Leahey et al....showed intensification of typical 
digitalis effects in the ECG when quinidine was 
given. In one patient the serum digoxin concentra- 
tion increased from 2.2 to 4.1 ng per milliliter 
during quinidine treatment, the ventricular rate in 
atrial fibrillation decreased markedly, and ven- 
tricular premature contractions appeared. In a 
second patient the doses of quinidine and digoxin 
were altered such that the serum digoxin con- 
centration fluctuated over a wide range; the PR 
interval rose and fell in parallel with the changes 
in serum digoxin concentration. In a third patient, 
non-paroxysmal atrioventricular junctional tachy- 
cardia developed as the serum digoxin concen- 
tration increased during quinidine therapy....Thus, 
there is some evidence that adverse gastroin- 
testinal and cardiac effects of digoxin occur when 
the serum digoxin concentration increases as a 
result of simultaneous quinidine treatment.... 

“Do other antiarrhythmic drugs cause a sim- 
ilar increase in serum digoxin concentration? 
Doering examined the serum digoxin concentra- 
tion before and after administration of several 
antiarrhythmic drugs, including two drugs that are 
currently used in the United States, lidocaine 
(three cases) and disopyramide (four cases). None 
of the drugs caused an increase in serum digoxin 
concentration.” 


—From Bigger, J. T., Jr.: The Quinidine-Digoxin Inter- 
action: What Do We Know About It?, N. Engl. J. Med. 
301:779-781, 1979. 


From what has appeared in the literature con- 
cerning the elevation of digoxin levels with con- 
comitant quinidine use and reported lack of eleva- 
tion of digoxin levels with concomitant Norpace 
use,” it would appear that Norpace should be a 
logical alternative to quinidine. 


Please see the next page for a brief summary of prescribing information. 


NOPPace 
(disopyramide phosphate) 
a logical therapeutic choice 


Before prescribing Norpace (disopyramide phosphate), please con- 
sult current complete prescribing information, a summary of which 
follows: 


Indications: Norpace is indicated for suppression and prevention 
of recurrence of the following cardiac arrhythmias when they occur 
singly or in combination: unifocal premature (ectopic) ventricular 
contractions; premature (ectopic) ventricular contractions of mul- 
tifocal origin; paired premature ventricular contractions (couplets); 
and episodes of ventricular tachycardia (persistent ventricular 
tachycardia is ordinarily treated with D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias 
in both digitalized and nondigitalized patients. It is also equally 
effective in treating primary cardiac arrhythmias and those which 
occur tn association with organic heart disease including coro- 
nary artery disease. Oral Norpace has not been adequately studied 
in patients with acute myocardial infarction or in patients with 
persistent ventricular tachycardia or atrial arrhythmias and is not 
indicated for arrhythmias due to digitalis intoxication. The value 
of antiarrhythmic drugs in preventing sudden death in patients 
with serious ventricular ectopic activity has not been established. 


Contraindications: Cardiogenic shock, preexisting second- or 
third-degree AV block (if no pacemaker is present), or known 
hypersensitivity to the drug. 


Warnings: Severe hypotension has been observed primarily 
in patients with primary cardiomyopathy or inadequately 
compensated congestive heart failure. If hypotension de- 
velops Norpace should be discontinued promptly unless 
hypotension is due to the arrhythmia. 

Norpace should not be used in the presence of poorly 
compensated or uncompensated congestive heart failure un- 
less it is exacerbated by or caused by an arrhythmia and 
proper treatment including optimal digitalization has been 
accomplished. In patients with marginally compensated heart fail- 
ure or with a history of heart failure, Norpace may worsen cardiac 
decompensation. In these patients, progressing congestive heart 
failure should generally be treated with cardiac glycosides and 
diuretics and the course of treatment closely followed. Norpace 
dosage should be reduced or discontinued if adequate control of 
congestive failure is not attained. Patients receiving concomitant 
therapy with more than one antiarrhythmic drug must be carefully 
monitored for serious negative inotropic effects or excessively pro- 
longed conduction, evidenced by widening of the QRS complex 
and/or prolongation of the O-T interval. 

If first-degree heart block develops, the dosage of Norpace 
should be reduced. If the block persists, continuation of Norpace 
must depend upon an assessment of the benefit versus the risk 
Development of second- or third-degree AV block or uni-, bi- or 
trifascicular block requires discontinuation of Norpace, unless the 
ventricular rate is adequately controlled by a pacemaker. 

Because of its anticholinergic properties, Norpace should not be 
used in patients with glaucoma, myasthenia gravis or urinary reten- 
tion, unless adequate overnding measures are taken 


Precautions: If significant widening (greater than 25%) of the ORS 
complex occurs, Norpace should be discontinued. If Q-T prolonga- 
tion greater than 25% occurs and if ectopy continues, monitor 
closely and consider discontinuing Norpace. 

Patients with atrial flutter or fibrillation should be digitalized prior 
to Norpace administration to ensure that drug-induced enhance- 
ment of AV conduction does not allow a ventricular rate beyond 
physiologically acceptable limits 

The effect of Norpace is presently uncertain in patients with sick 
sinus syndrome, Wolff-Parkinson-White syndrome, or bundle 
branch block. 

Patients with myocarditis or other cardiomyopathy may develop 
significant hypotension in response to the usual dosage of 
Norpace. 

Norpace should be administered cautiously to patients who are 


receiving or who have recently received other antiarrhythmic drugs 
Excessive widening of the ORS complex and/or prolongation uf the 
Q-T interval may occur in such instances 

Norpace dosage shoula be reduced in patients with impaired 
renal or hepatic function and the electrocardiogram carefully moni- 
tored for signs of overdosage 

Antiarrhythmic drugs may.be ineffective in patients with 
hypokalemia. Therefore, any potassium deficit should be corrected 
before instituting Norpace therapy. 

Use in Pregnancy and Lactation: Safe use in pregnancy has not 
been established. Norpace has been reported to stimulate contrac- 
tions of the pregnant uterus. The use of Norpace in pregnant 
women requires that the potential benefit be weighed against pos- 
sible hazards to the fetus. 

It is not known whether disopyramide is excreted in human milk. 
However, studies in rats have shown that the concentration of 
disopyramide and its metabolites is up to three times greater in 
milk than in plasma. If use of the drug Is deemed essential, an 
alternate method of infant feeding should be instituted. 

Labor and Delivery: The effects of Norpace on the fetus during de- 
livery or on the course of labor and delivery are unknown 
Pediatrics: The safety and effectiveness of Norpace in children 
have not been established. 


Adverse Reactions: Anticholinergic: dry mouth, urinary hesitancy, 
constipation, blurred vision, dry nose’eyes/throat, urinary retention. 
Genitourinary: urinary frequency and urgency. Gastrointestinal: 
nausea, pain/bloating/gas, anorexia, diarrhea, vomiting. General 
nervousness, dizziness, general fatigue/muscle weakness, 
headache, malaise. Cardiovascular: hypotension, congestive heart 
failure, cardiac conduction disturbances, edema/weight gain, short- 
ness of breath, syncope, chest pain. Dermatologic: generalized 
rash/dermatoses. The following have occurred, but a causal rela- 
tionship is uncertain: impotence, depression, insomnia, dysuria, 
and hypoglycemia (usually in patients with impaired liver function). 
Acute psychosis, cholestatic jaundice, and agranulocytosis, all three 
reversible, have been reported. 


Dosage and Administration: Dosage must be individualized for 
each patient on the basis of response and tolerance. The usual 
adult dosage is 400 to 800 mg per day given in divided doses four 
times daily. The recommended dosage schedule for most adults is 
150 mg every six hours. For patients weighing less than 110 
pounds (50 kg) the recommended dosage is 100 mg every six 
hours 

Ifrapid contro! of arrhythmia is essential, an initial loading dose of 
300 mg of Norpace (200 mg for patients weighing less than 110 
pounds) is recommended. For patients with cardiomyopathy or 
possible cardiac decompensation, a loading dose should not be 
given and the initial dose limited to 100 mg every six hours, with 
subsequent dosage adjustments made gradually under close 
monitoring. 

See current complete prescribing information for dosage 
recommendations. 


How Supplied: Capsules containing 100 mg or 150 mg of 
disopyramide base. Availabie in bottles of 100, 500, and 1,000 
capsules, and cartons of 100 unit-dose individually bliste-sealed 
capsules. 


References: 1. Doering, W.: Quinidine-Digoxin Interaction: 
Pharmacokinetics, Underlying Mechanism and Clinical 
Implications, N. Engl. J. Med. 30/:400-404, 1979. 2. Leahey, 
E. B., Jr., and others: Serum Digoxin Concentration During 
Administration of Oral Antiarrhythmic Drugs, abstracted, 
Clin. Res. 26:602, 1978. 
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The cardiac death of John Hunter, the 18th century surgeon and anatomist, 
occurred during a period of emerging understanding of the relation be- 
tween angina pectoris and coronary artery disease. Although this asso- 
ciation was first recognized by Edward Jenner, Hunter’s pupil, consid- 
eration for his friend and teacher kept Jenner’s insight unpublished during 
Hunter’s lifetime. A fascinating controversy on medical education sur- 
rounded Hunter during his final year and probably contributed to his 
death. 


Certain episodes in medical history bear retelling because of the signif- 
icance of their scientific contribution. Others are important for their 
insight into personalities and events. The death of John Hunter, the 
eminent 18th century surgeon and anatomist, during a tense board 
meeting at St. George’s Hospital, London, is a fascinating episode in 
which both historic aspects are intertwined. It provides important insight 
into the development of our understanding of angina pectoris and into 
medical education and affairs of the late 18th century. 


The Anatomist 


John Hunter (Fig. 1) was born at Long Calderwood in Lanarkshire, 
Scotland in 1728. His early education suffered after the death of his fa- 
ther. Manually skilled, at the age of 17 he became a carpenter’s ap- 
prentice but soon traveled to London to assist his older brother William, 
who was just establishing what was to become a prominent theater for 
anatomic demonstration. Displaying great skill in dissection, the younger 
Hunter qualified in surgery at St. George’s Hospital and in 1759 entered 
the army as a staff surgeon.!-3 

Practice, particularly for a Scot in England during this period, was 
slow after Hunter’s return to London in 1762. Largely because of his skill 
in anatomic demonstration, he was elected Fellow of the Royal Society 
in 1767. One year later he was appointed surgeon to St. George’s, where 
his growing practice competed with a parallel interest in natural history 
and the development of a museum of rare anatomic specimens. 

Among his earliest students was Edward Jenner, who became best 
known as the discoverer of vaccination but was also the originator of the 
coronary artery theory of angina pectoris. During 1770 and 1771, Jenner 
was a boarder in Hunter’s Jermyn Street home. The two maintained a 
lifelong correspondence regarding various aspects of natural history but, 
as we shall see, angina pectoris was never mentioned. 


The Disease 


The year of Hunter’s appointment to St. George’s, William Heberden 
read “some account of a disorder of the breast” before the College of 
Physicians in London. This report of 20 cases of angina, published in 
1772 in the second volume of the Medical Transactions, was purely 
descriptive and offered no speculation regarding etiology. 
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John Hunter, after a portrait by Sir Joshua Reynolds. 


Shortly after its publication, Heberden received a 
letter from a physician suffering from the disease, of- 
fering his body for examination following death. This 
examination of “Dr. Anonymous” was performed by 
John Hunter, assisted by Jenner, and both the letter to 
Heberden and the autopsy findings were published in 
the third volume of the Medical Transactions. It ap- 
pears that the coronary arteries in this early attempt at 
clinical-pathologic correlation were not examined. 

Within several years, Hunter himself began to ex- 
perience paroxysms of chest pain and palpitation con- 
sistent with angina pectoris. These attacks were not only 
exertional, but emotional in precipitation. As Kobler? 
observed: 


Wrath, to which John was so prone, exposed him to the 
direst attacks. A tardy coachman, an inattentive secretary, 
would throw him into voleanic rages. He realized his danger, 
yet was powerless to control his temper. “My life,” he said, “is 
at the mercy of any rogue who chooses to provoke me.” 


During this period Edward Jenner, now a successful 
practitioner in Gloucestershire, was accumulating fur- 
ther autopsy experience with angina. About 1785 he 
wrote to Caleb Hillier Parry of Bath,® describing the 
extraordinary examination of a patient who had died 
of this disease: 


My knife struck something so hard and gritty as to notch 
it. I well remember looking up at the ceiling, which was old and 
crumbling, conceiving that some plaster had fallen down. But 
on further scrutiny the real cause appeared; the coronaries 
were become bony canals. 

Further clarification is seen in Jenner’s 1786 letter to 
Heberden, in which he stated his belief that coronary 
artery disease is the basis for angina pectoris. 

Why then did Jenner not publish his findings, and 
why is no mention of the subject found among his vo- 


luminous correspondence with Hunter? The disease was 
clearly of great interest to both men. As Jenner noted 
to Heberden’: 


When you are acquainted with my motives, I presume you 
will pardon the liberty I take in addressing you. I am prompted 
to it from a knowledge of the mutual regard that subsists be- 
tween you and my worthy friend Mr. Hunter. When I had the 
pleasure of seeing him at Bath last Autumn, I thought he was 
affected with many symptoms of the Angina Pectoris. 


Concern for his former teacher appears to have 
prompted his silence: 


As I frequently write to Mr H I have been some time in 
hesitation respecting the propriety of communicating the 
matter to him... . I am fearful (if Mr H should admit this to 
be the cause of the disease) that it may deprive him of the 
hopes of a recovery. 


As Jenner reported to Parry®: “... this circumstance 
prevented any publication of my ideas on the subject, 
as it must have brought on an unpleasant conference 
between Mr. Hunter and me.” 


The Controversy 


In 1793, suffering from effort-related and anxiety- 
induced angina, Hunter became embroiled in a bitter 
controversy with some of the other surgeons at St. 
George’s. Although a considerable part of the dis- 
agreement involved financial arrangements, the insight 
it provides into medical affairs and education of the 
period is fascinating. In an open letter explaining his 
viewpoint,! Hunter complained of the general neglect 
paid to students: 


I paid more attention to the pupils than had been usual, or 
was then the practice of the other surgeons. The pupils of 
course looked up to me, and to me they resorted on all occa- 
sions, they all wished to be dressers under me and at last 
complained to me and even threatened to recommend their 
young acquaintances to other hospitals if more general at- 
tention was not paid to them... . 


Apparently, the students had been unsuccessful in 
achieving recognition of their grievances: 


The pupils have even made complaints in writing to the 
Weekly Board against the Surgeons for their neglect, but their 
complaints being only signed ‘Pupils’ were thought unworthy 
of any notice. ... 


Hunter tried to encourage the other surgeons to expand 
their formal courses of instruction, but with little suc-- 
cess: 


When I mentioned what the medical gentlemen of other 
hospitals did, and what I thought we should do, one gentleman 
said: “He did not choose to lose any reputation he might have 
in surgery by giving lectures,” which at least was 
modest. ... 


Academic argument was likewise fruitless: 


Talking of the improvement of the art one of the surgeons 
confessed “he did not see where the art could be improved;” 
the natural conclusion from this declaration was that such a 
man would never improve it... . 


Financial consideration was not foreign to the con- 
troversy. As Hunter explained: 
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The senior surgeons found an advantage in allowing the 
< Junior to share equally with them; and this union has been the 
<=. means of keeping some from doing their duty; because by any 

oe labours they could only get one fourth of the whole profit; and 
by doing nothing they still got a fourth. . 


funter’s s attempted solution to the A quarrel 
as likewise not devoid of financial consideration: 











‘Finding all my efforts ineffectual to bring the gentlemen 
to their real duty, I conceived that as the increase of the pupils 
-became very considerable and the greater number entered 
with me the only method left was to keep the money I received 
by the pupils as my own property. 


The Conclusion 


-We arrive at the synthesis. of these events. The St. 

George’s controversy was clearly capable of raising 
< Hunter's ire and, as he had predicted, this was a source 

of personal danger. Several months later, he again went 
-before the Board with a related quarrel. As tempers 
soared, Hunter left the room, and collapsed and died 
tly afterward, presumably of acute myocardial in- 
retion. It was 25 > years after Heberden’s descriptive 
resentation of angina, and 20 years after Hunter’s 
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autopsy of “Dr. Anonymous.” Edward Jenner, Hunter's- 
most illustrious student and friend, had been aware of: 
the prognosis for about 10 years. 

John Hunter’s concern for his students, in contrast. 
to the attitude of other surgeons of the time, thus pro- 
moted a conflict that may well have resulted in his 
death. The complaints of the 18th century pupils that 
partially precipitated this conflict serve as a reminder 
of the supervision and attention required by students: 
Although the giving of lectures has achieved current 
respectability, Hunter’s criticism of earlier faculty. 
performance is still worthy of review. 

It is of similar note that Edward Jenner’s concern for 
his former teacher was so great that he left unpublished: 
his emerging understanding of the pathophysiology — 
underlying angina pectoris. One wonders whether cur- 
rent academic progress would allow similar restraint... 

Shortly after Hunter’s death, Everard Home reported | 
the autopsy findings to Jenner®: 

It is singular that the circumstance you mentioned to me, - 


and was always afraid to touch upen with Mr. Hunter, should 
have. been a particular part of his own complaints, as the: 


_ coronary arteries of the heart were considerably ossified. 
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In three consecutive cases of ventricular septal rupture after acute anterior 
myocardial infarction, wide angle two dimensional echocardiography 
readily visualized the septal defect. permitting the defect to be localized 
and its size estimated. in addition, negative contrast.echoventriculography 
identified a left to right shunt at the ventricular level. The echocardio- 
graphic findings were corroborated by cardiac catheterization data in all 
patients, by perioperative examination in two and by postmortem findings 
in one patient. Postoperative echocardiographic studies afforded dem- 
onstration of the patch closing the defect. 

In patients with acute myocardial infarction associated with the sudden 
appearance of a systolic murmur, two dimensional echocardiography 
should be performed promptly in order to guide the diagnosis and man- 
agement of these critically ill patients. In some patients with severe 
cardiogenic shock, in whom a favorable. prognosis depends.on rapid 
treatment, two dimensional echocardiography may allow the patient to 
be taken to surgery immediately without further study. 


Although rupture of the interventricular septum occurs relatively in- 
frequently, it is a very severe complication of acute myocardial infarction: 
Twenty-four percent of patients die within 24 hours and 65 percent 
within 2 weeks after septal perforation. Clinically, the differential di- 
agnosis from mitral valve regurgitation secondary to muscle rupture or 
dysfunction is frequently difficult. or even impossible without-the aid 
of cardiac catheterization.2 Current reports emphasize the desirability 
of early operation in these patients whose condition is hemodynamically 
unstable.*+ However, symptoms and signs of left-sided heart failure may 
be absent during the period immediately after rupture.®° Indeed, once 
the circulatory deterioration has begun, its course is usually unremitting 
and can be only, and at best transiently, reversed with intraaortic balloon 
pumping.’ It is therefore of utmost importance to identify the septal 
perforation as rapidly as possible. 

Echocardiography is'a noninvasive bedside technique that can be 
carried out promptly in the coronary care unit. The apical left ventricular 
approach of two dimensional echocardiography has overcome.the limi- 
tations of M mode echocardiography in assessing the total interven- 
tricular septum. Furthermore, the peripheral injection of a small bolus 
dose of fluid is useful in outlining the right cardiac cavities, ™ 1! Recently, 
Weyman et al.'4 suggested that negative contrast echocardiography could 
detect left to right shunting. 

We report herein the two dimensional echocardiographic findings in ` 
three consecutive cases of ventricular defects occurring after acute 
myocardial infarction. The septal rupture was subsequently confirmed 
at operation in two patients and on postmortem examination in the third 
patient. 
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Methods 


Echocardiography: Two dimensional echocardiographic 
examination was performed at the bedside using a Varian (V 
3000) phased array 82° ultrasonic sector scanner. The exam- 
ination was performed using a modified apical approach!*:!® 
with the patient in the left lateral position. The ultrasonic 
window was in the vicinity of the cardiac impulse but slightly 
inferior and lateral to it. This approach made it possible to 
find the longest longitudinal left ventricular axis (joining the 
apex to the mid aortic cusps) and to isolate the anterior and 
inferior walls. With continuous recording, while the patient 
was asked to hold his breath, rotation of the transducer 90° 
around the same axis afforded demonstration of the septal and 
lateral walls. Correct setting of the reject control and adjust- 
ment of coarse gain were necessary to visualize the endocar- 
dium optimally. The azimuthal resolution has been tested in 
our laboratory using animal and human specimens of the 
aorta, mitral valve and left ventricular myocardium immersed 
in optically different media (water, mineral oil) at different 
depths. The azimuthal resolution ranged from 2 to 5 mm and 
was closely dependent on receiver gain settings for any 
transmitted power level. 

Contrast echoventriculography: This procedure was 
performed according to the following method: A continuous 


FIGURE 1. Case 1. Two dimensional echocardiograms ob- 
tained with Polaroid films (upper panel) and corresponding 
schematic diagrams (lower panel) of a four chamber view. 
Left, an obvious defect is seen across the ventricular septum 
(VSD); note the abnormal curvature of the upper septum, 
which is convex toward the left ventricular outflow tract, just 
beneath the aortic root (Ao). Right, microcavitations opacify 
both right heart chambers. LA = left atrium; LV = left ven- 
tricle; RA = right atrium; RV = right ventricle. 
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isotonic glucose infusion line was connected to a three-way 
stopcock. After closure of the infusion line, a 10 ml sample of 
the patient’s blood was withdrawn and promptly reinjected 
into the patient’s infusion line. Special care was taken to 
connect the syringe perpendicularly to the patient’s line and 
to open the stopcock partially. In our experience the micro- 
cavitation contrast method proved to be more satisfactory 
than use of any other agent (saline solution, Cardiogreen®, 
dextran). With this technique optimal visualization of the 
right heart chambers was obtained in fewer than four trials. 

The tapes were analyzed and Polaroid® still frames were 
selected sequentially from end-systole (maximal inward 
motion) to end-diastole (R wave of the electrocardiogram) 
during the same cardiac cycle. The films were obtained by 
photographing a stop-action frame on the video tape screen. 
Because only one field of a two field video frame is displayed 
in each photograph, the quality of the stop frame image is 
considerably lower than that of the dynamic display. Negative 
contrast echocardiography was considered present when there 
was an obvious washout of the contrast material in front of the 
defect with the onset of end-diastole (complete opacification 
of the right ventricular cavity), and this washout increased in 
size in subsequent frames up to end-systole and disappeared 
during the succeeding diastole. 
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Case Reports 


Case 1 


This 78 year old woman was admitted to a community 
hospital with an acute anterior myocardial infarction. Five 
days later, a grade 3/6 pansystolic murmur was noted at the 
lower left sternal border, radiating to the left axilla and the 
right sternal border. Within a few hours cardiogenic shock 
developed and the patient was referred to our coronary care 
unit for further investigation and eventual intraaortic balloon 
support. Catheterization of the right side of the heart with use 
of a Swan-Ganz catheter and two dimensional echocardiog- 
raphy were carried out. A left to right shunt at the ventricular 
level and a pulmonary to systemic flow ratio of 3.4:1 were 
demonstrated. During the ensuing 12 hours cardiogenic shock 
could not be reversed despite intensive pharmacologic support 
(dopamine and nitroprusside), and the patient died. 

Echocardiographic findings: Paradoxic systolic expan- 
sion involving the lower septum, the apex as well as the lower 





EARLY SYSTOLE A 





END SYSTOLE 


portion of the lateral wall was evident; the upper portion of 
the septum protruded into the left ventricular outflow tract. 
The posterolateral wall had a normal contractile pattern. The 
right ventricle appeared to have satisfactory contractile 
function. 

A tunnel-like echo-free image was visualized in the sep- 
tum. The defect appeared to start from the left apical side, 
going obliquely up to the right ventricular endocardium, facing 
the septal papillary muscle of the tricuspid valve. The size of 
the tunnel was three times larger in systole (Fig. 1A) than in 
diastole (Fig. 1B). In contrast, during diastole, the channel 
narrowed progressively so that at end-diastole almost com- 
plete anatomic reconstruction of the higher septum was 
achieved by coaptation of the walls of the tunnel. At this time 
of the cycle, high density echoes were noted close to the de- 
fect. 

Negative contrast ventriculography demonstrated a left 
to right shunt through the previously identified tear. Figure 
1B shows total opacification cf the right ventricle during 








B ENO DIASTOLE c 


FIGURE 2. Case 1. Sequential echoventriculograms with still frames (top) and schematic representation (bottom). During early systole (A) most 
of the right ventricular cavity (RV) is opacified by microcavitations but the septal defect is still visible. Later during the same cardiac cycle, at end-systole 
(B), the channel-like defect is larger in diameter and the negative contrast due to left to right shunting is maximal. During the subsequent diastole, 
as indicated by the patient's electrocardiogram, microcavitations again fill the entire cavity. Abbreviations as in Figure 1. 
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diastole. From early to late systole, progressive washout of the 
contrast medium was observed (Fig. 2A to 2B). 

Postmortem examination revealed a large recent anterior 
myocardial infarction associated with complete proximal 
occlusion of the left anterior descending coronary artery. In 
addition, a septal defect caused by an oblique dilaceration of 
the septum extended from the apex to the base of the medial 
papillary muscle of the tricuspid valve. 


Case 2 


Four months before admission this 56 year old woman had 
an anteroseptal myocardial infarction. She refused hospital- 
ization but remained under the care of her personal cardiol- 
ogist. During the first 3 weeks, the course was uneventful. In 
February 1979, she complained of increasing dyspnea, and 
physical examination revealed a loud 4/6 apical holosystolic 
murmur associated with a thrill. Congestive heart failure and 
mild hypotension developed, and she was transferred to our 
hospital. She refused to undergo invasive study but finally 
agreed to a noninvasive examination. After two dimensional 
echocardiography identified a mid apical septal rupture, she 
was persuaded to undergo cardiac catheterization. A left to 
right shunt was demonstrated at the ventricular level, with 
a pulmonary to systemic flow ratio of 3:1. Coronary angiog- 
raphy revealed complete and proximal occlusion of the left 


FIGURE 3. Case 2. Pre- and postoperative echocardio- 
grams (four chamber view). Note the bright echoes arising 
from the velvet patch (right) closing the ventricular septal 
defect (left). As in Case 1, the upper interventricular 
septum protrudes into the left ventricular outflow tract. 
Abbreviations as in Figure 1. 


PREOPERATIVE A 
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anterior descending artery and an anterior wall aneurysm. No 
significant mitral regurgitation was noted. The patient was 
operated on and 1 week after successful closure of the defect, 
she was doing well. No systolic murmur was heard postoper- 
atively and echocardiography was again performed. 

Echocardiographic findings: As in the preceding case, 
an echocardiographic window located near the maximal car- 
diac impulse was used. In the four chamber view (Fig. 3A), a 
defect in the form of a tunnel-like echo-free image was easily 
visualized in the lower portion of the septum. The defect in- 
creased in diameter during systole and narrowed during 
diastole. It appeared to extend from the left ventricular apex 
up to the point of coaptation of the free edges of the tricuspid 
valve leaflets (Fig. 3A). The superior portion of the septal 
contour was abnormally convex toward the left ventricular 
outflow tract and was thicker than normal below the aortic 
valve. The higher lateral wall still had a normally contracting 
pattern. No lesion of the mitral valve apparatus was notice- 
able. Rotation of the transducer 90° around the same longi- 
tudinal apex-aortic root axis provided an anteroinferior view, 
but this view was of no help in visualizing the defect. The left 
ventricle was enlarged and the anteroapical wall was aki- 
netic. 

After contrast microcavitation, frame by frame analysis 
revealed that after complete right ventricular opacification 





POSTOPERATIVE B 
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in diastole (Fig. 4), progressive washout from early to late 
systole occurred in front of the defect. During the succeeding 
diastole, microcavitations again outlined the right endocardial 
contour, close to the defect and without crossing to the left 
side. The postoperative echocardiogram revealed the patch 
(Fig. 3B). 


Case 3 


A 58 year old man had an acute myocardial infarction and 
was admitted to another hospital. On the 4th day, a grade 4/6 
holosystolic murmur associated with a thrill was heard mid 
way between the left sternal border and the cardiac apex. After 
2 days of refractory pulmonary edema, oliguria and hypo- 
tension, the patient was transferred to our hospital. On ad- 
mission he had severe cardiogenic shock. Two dimensional 
echocardiography performed at the bedside visualized a large 
septal perforation. Swan-Ganz cardiac catheterization con- 
firmed the septal rupture. A left to right shunt at the ven- 
tricular level and a pulmonary to systemic flow ratio of 3:1 
were demonstrated. Because the patient’s condition had 
further deteriorated, he was immediately taken to surgery 


without additional investigation. Surgical closure of the defect 
was successful and the postoperative course was remarkably 
event-free. No residual systolic murmur was heard. Two weeks 
after operation, the patient was restudied with two dimen- 
sional echocardiography. 

Echocardiographic findings: Good visualization of the 
cardiac structures was obtained. The four chamber view (that 
is, septolateral) revealed in the lower interventricular septum 
a large defect, 3 em in length (Fig. 5A). When the transducer 
was rotated 90°, the defect was still visualized. 

Right-sided contrast echoventriculography was performed. 
Total opacification by contrast microcavitation could be ob- 
tained and the same phenomenon of negative contrast re- 
sulting from a left to right shunt was noted. Unusual bright 
echoes surrounding the defect and abnormal thickening of the 
upper septum were also noted. 

Perioperative examination revealed a large (3 by 2 cm) 
septal defect located in the lower third of the anterior portion 
of the septum. Postoperative echocardiograms 2 weeks later 
clearly revealed the velvet patch used to close the defect (Fig. 
5B). 





END SYSTOLE A 


END DIASTOLE B 


EARLY SYSTOLE c 


FIGURE 4. Case 2. Echoventriculograms with still frames (upper panel) and schematic diagrams (lower panel). During the same cardiac cycle 
the echoventriculogram is displayed from end-systole (A) through end-diastole (B) to the next early systole (C). Negative contrast seen in A disappears 


in B and reappears in C. Abbreviations as in Figure 1. 
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Discussion 


In the setting of acute myocardial infarction the 
sudden appearance of a systolic murmur represents a 
difficult diagnostic challenge to the physician. The 
differential diagnosis includes differentiation from 
septal rupture and papillary muscle dysfunction or 
rupture with resultant mitral regurgitation; the clinical 
course, prognosis and treatment may differ greatly with 
each of these entities. Frequently, the clinical findings 
do not allow the distinction to be made with confi- 
dence.?417 Cardiac catheterization is required for a 
definite diagnosis and identification of all the factors 
that compromise cardiac function. However, this pro- 
cedure carries a substantially increased risk in the 
critically ill patient* unless intraaortic balloon assis- 
tance is instituted.7:8 

M mode echocardiographic findings in septal 
rupture: Previous echocardiographic studies!®*! re- 
lating to the noninvasive diagnosis of septal rupture 
used the M mode technique. These studies suggested 
that the following findings may be of value in the diag- 
nosis of septal rupture: (1) dilatation of the right ven- 
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tricle!8.!9; (2) unusual mitral valve movement, that is, 
complete closure of the valve after initial opening early 
in diastole, suggestive of increased blood flow through 
the mitral valve!®; and (3) occurrence of an abrupt 
posterior motion of the interventricular septum with the 
onset of ventricular diastole.!® None of these findings 
are specific although their combination may provide 
clues to the diagnosis of septal perforation.?° 

Two dimensional echocardiographic findings in 
septal rupture: Real time wide angle echocardiography 
provides images of the heart in multiple cross-sectional 
planes including long axis sections of the left ventricle 
that display the entire length of the interventricular 
septum.!*.22 Previous studies have shown that two di- 
mensional echocardiography is a highly reliable tech- 
nique that can visualize, size and locate congenital 
ventricular septal defects with a diameter of 5 mm or 
greater.”*:2* Identification and sizing of a ventricular 
septal defect depends on (1) demonstration of a dis- 
continuity in the pattern of echoes arising from the 
septum; (2) identification of the edges of the defect; and 
(3) visualization of a left to right shunt at the ventricular 
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FIGURE 5. Pre- and postoperative Polaroid frames of two 
dimensional echocardiograms. Left, a large defect is 
evident in the lower interventricular septum. Right, 
postoperative study showing successful repair as indi- 
cated by the bright echoes from the patch closing the 
defect. Abbreviations as in Figure 1. 
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level. In patients with a small congenital defect, false 
“negative results may occur, resulting from insufficient 
examination of the septal surface, location of the defect 
‘in an inaccessible area and incorrect adjustment of the 
- gain characteristics.2> Conversely, in detecting defects 
__.in cardiac structures, differentiation between technical 
‘dropout and real structural discontinuity is of primary 
- ‘dmportance.25.26 
After an acute myocardial infarction, a ventricular 
-- septal defect is usually large and located in the muscular 
‘portion of the septum, which is most easily visualized 
with real time ultrasonography. This structure is thick 
enough to remain, despite inadequate setting of ultra- 
> sònie signals, an acceptable interface. Furthermore, 
~ massive left to right shunting can clearly be recognized 
by detecting the jet of contrast-free left ventricular 
blood entering the contrast-filled right ventricle. Two 
dimensional echocardiography may also provide an 
approximation of the size of the defect as well as its lo- 
cation. The importance of distinguishing between an- 
- terior and inferior septal defects because of the differ- 
ences in surgical approach has already been pointed 
-out.82728 Postoperatively the ventricular septal patches 
used to close the defect can also be identified because 
of their brighter echoes. 
* On postmortem cardiac radiographs Hutchins et al.® 
noted.an unusual distortion of the septal configuration. 
In anterior septal defects the apex to base septal contour 
was convex toward the left ventricular cavity, a reversed 
pattern of the normal concavity. The leftward convexity 
of the upper septum caused it to protrude into the left 
ventricular outflow tract. This distinctive septal contour 
was noted in two of our cases. 

Role in confirming diagnosis before surgery: In 
patients with acute myocardial infarction who suddenly 
‘manifest a loud systolic murmur, some investigators* 
-claim that if a left to right shunt at the ventricular level 
can definitely be identified, the patient may be taken 


to surgery immediately. Our three patients could have 
been operated on without. confirmation of the diagnosis 
with cardiac catheterization. Although associated cor- 
onary and mitral valve deficiencies should be identified 
before operation, >®29 one of our two surgically treated 
patients did not undergo coronary angiography or left 
ventriculography. This patient was taken to the oper- 
ating room moribund, and it was believed that the cor- 
onary angiography might have produced an additional 
risk to the patient in this condition. Although there is 
no definite agreement on the need for coronary angi- 
ography,*® left ventricular studies may be obtained 
noninvasively from two dimensional echocardiography. 
Indeed, real time echocardiography has been shown to 
be reliable in assessing residual left ventricular con- 
tractile function after infarction??-33 as well as associ- 
ated mitral valve lesions.2° 

Clinical implications: In our three patients with 
acute myocardial infarction and. septal rupture, two 
dimensional echocardiography proved highly reliable 
for the diagnosis and localization of anterior septal 
rupture and therefore should be clinically useful in this 
setting. Left ventricular failure has frequently been 
reported to be absent in the immediate period after 
rupture. In addition, clinical deterioration, once ini- 
tiated, usually progresses rapidly in these patients. 458 
Thus, prompt diagnesis of septal perforation before 
severe deterioration of the patient’s condition occurs 
is of primary importance. At times, when the urgency 
of the situation is great, the diagnosis should be exe- 
cuted with simple noninvasive methods and immediate 
surgery considered without further investigation. 
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In two patients with constrictive pericarditis an absent or faint early dia- 
stolic sound became prominent with squatting, phenylephrine infusion 
or injection of contrast medium and was obliterated by nitroglycerin. The 
lability of the sound allowed correlations to be made with acute changes 
in the right ventricular pressure curve. By elicting an otherwise inaudible 
early diastolic sound, squatting may be a useful bedside maneuver in the 
diagnosis of constrictive pericarditis. 


The important auscultatory clue to the diagnosis of constrictive peri- 
carditis is an early diastolic sound! or “pericardial knock,” 2 present in 
30 to 70 percent of cases.3-5 The sound occurs 0.09 to 0.16 second after 
the second heart sound and is often almost as sharp as an opening snap.!6 
The right ventricular pressure tracing of constrictive pericarditis char- 
acteristically shows an early diastolic dip followed by rapid upstroke to 
a plateau diastolic pressure.’ The early diastolic sound occurs at or very 
close to the nadir point of the diastolic dip. Mounsey! carefully studied 
the right ventricular pulse tracings of patients with constrictive peri- 
carditis in an attempt to explain why the early diastolic sound was 
present in some and absent in others. He concluded that the sound oc- 
curred when early diastolic inflow was especially rapid and more sud- 
denly interrupted, as indicated by a quick upstroke of the diastolic dip 
with a coarse after-vibration. 

We have observed two patients with calcific constrictive pericarditis 
in whom the early diastolic sound was absent or faint until the patient. 
was examined in the squatting position. Auscultation soon after 
squatting is a valuable diagnostic maneuver in aortic regurgitation, ob- 
structive cardiomyopathy, mitral valve prolapse and pulmonic steno- 
sis,®® but has not previously been used in constrictive pericarditis. The 
physiologic effects of squatting include increases in peripheral resistance 
and in venous return.!°-!? The ability to turn the sound on and off at will 
allowed us to examine its hemodynamic correlates more closely. 


Case Presentations 


Case 1: In a 21 year old man peripheral edema and easy fatigability had de- 
veloped at age 19. The heart was normal in size but pericardial calcification was 
detected on fluorescopy. Two liters of straw-colored ascitic fluid had been re- 
moved by paracentesis from the abdomen with a subsequent diuresis of 11.7 kg. 
The patient’s condition was stable for 11 months while he was on digoxin and 
diuretic therapy; but he regained 5.4 kg of ascites and edema during a 2 week 
trial of withdrawal from medication. 

On our first examination he was free of edema and had sinus rhythm (rate 
85/min; the blood pressure was 130/80 mm Hg without pulsus paradoxus. The 
jugular venous pulse was elevated 2 em above the clavicle at 45° with prominent 
x and y descents, forming an M-shaped venous pattern. There was a quick dia- 
stolic cardiac impulse but no early diastolic sound when he was in the recumbent 
or upright position. Yet, immediately on squatting a prominent early diastolic 
sound, as loud as either of the other heart sounds, was audible at 0.14 second after 
the second heart sound and was confirmed on phonocardiography. It persisted 
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for 3 to 4 minutes and then faded despite continued squatting. 
Small doses of phenylephrine (0.6 pg/kg per min), which 
barely raised the blood pressure, also elicited the sound. The 
Valsalva. maneuver, handgrip exercise, elevation of the legs 
and.tourniquets around the limbs had no effect. Left and right 
heart catheterization was performed. The patient initially 
efused surgery and was treated with drugs and followed up 
closely for 6 months. On repeated occasions the early diastolic 
“sound was inaudible but readily evoked by squatting. During 
<- a period when diuretic therapy was temporarily withdrawn, 
=the sound appeared and was constant. The volume load re- 
sulting from the administration of contrast medium at cardiac 
catheterization also evoked the sound, which then persisted 
for several hours. 

At operation, there was severe biventricular pericardial 
constriction without effusion. After operation the patient has 
done well without medication. Venous pressure is normal. No 
early diastolic sound is present even during squatting or 
phenylephrine infusion, although the cardiac impulse remains 
diastolic. 

oo. Case 2: A 28 year old black man and former professional 
< baseball player had a viral-like illness associated with peri- 
éarditic chest pain 8 years before his presentation with a chief 
complaint of fatigability. He was a muscular, healthy-ap- 
pearing young man with a bleod pressure of 120/80 mm Hg 
nd no pulsus paradoxus. The rhythm was atrial flutter with 
-4:1-and 2:1 atrioventricular conduction. The jugular venous 
pulse was elevated 4 cm above the clavicle at 90° with a 
rominent early diastolic collapse. The first heart sound was 
iormal: the second sound was split physiologically. A faint 
«early diastolic sound was heard when he was recumbent. With 
squatting the early diastolic sound at once became prominent 
and equal in intensity to the second heart sound. The chest 
reentgenogram revealed pericardial calcification that was 
confirmed at fluoroscopy. The patient underwent cardiac 
catheterization. 

At operation the pericardium was thickened and adherent 
to both ventricles with dense calcification anteriorly. After 
operation, the patient’s exercise tolerance improved and no 
early diastolic sound is present even in the squatting posi- 
tion. 


















Methods 


C During cardiac catheterization, pressures were measured 
< <- by means of a fluid-filled catheter with a Statham P23Db 
-e transducer, with the zero level set at the mid chest. A right 
ventricular pressure tracing and a conventional external 
phonocardiogram were recorded simultaneously with the 
patient in the supine, supine passive squatting (legs flexed on 
-abdomen) and (Case 1) vertical squatting positions. Systemic 
blood pressure, heart rate and right ventricular diastolic 
pressure were then allowed to return to baseline levels. Re- 
cordings were repeated with the patient supine (1) during slow 





TABLE II 


DIASTOLIC SOUND OF CONSTRICTIVE PERICARDITIS—-NIGHOLSON ET AL. : 


TABLE | 


intracardiac Pressures (mm Hg) and Blood Pressure 
Changes During Phenylephrine and Nitroglycerin 
Administration 








Case 1 Case 2 

Right atrium 

a wave 15 SHa 

x descent 7 5 

v wave 13 18 

y descent 13 6 

Mean 11 14. 
Right ventricle 45/12 33/15 
Pulmonary artery 45/13 33/16 
Pulmonary capillary wedge 

a wave 19 rhe 

v wave 18 22 

Mean 14 17 
Left ventricle 112/13 dies 
Systemic blood pressure 

Control 115/60 120/70 

Phenylephrine 122/70 130/96 

Nitroglycerin 105/80 100/80 





infusion of phenylephrine at a rate just sufficient. to duplicate 
the auscultatory changes associated with squatting, which: 
were achieved with identical small elevations (5 to 8 mm Hg) 
of left ventricular systolic pressure; and (2) after sublingual 
administration of nitroglycerin, 0.4 mg. Recordings were made 
on an Electronics for Medicine DR-8 multichannel recorder - 
during relaxed expiration. All maneuvers were performed 
before the administration of contrast material. 

Changes in the right ventricular pressure contour during . 
the development of the early diastolic sound were closely 
scrutinized; Both the magnitude of the right ventricular di- 
astolic dip (measured from the nadir of the dip to the end- < 
diastolic pressure) and the slope of both limbs of the dip were 
examined. Right ventricular systolic and end-diastolic pres- 
sures and systemic arterial pressure were also measured. The 
left side of the heart was also routinely catheterized. The re- 
sults reported are the average of five consecutive cycles re- 
corded during relaxed expiration. 


Results 


Hemodynamic data (Table I) revealed near approximation 
of right atrial mean, right ventricular end-diastolic, pulmonary 
arterial diastolic and pulmonary capillary wedge pressures, 
findings typical of constrictive pericarditis. +31 Right atrial 
pressure contours showed a typical y trough of constrictive 
pericarditis.’ The right ventricular pressure curve showed the 
typical early diastolic dip followed by a diastolic plateau. Si- 
multaneous external phonocardiograms and right ventricular 
pressure curves are shown in Figures 1 and 2. Significant 


Right Ventricular Events During Squatting, Phenylephrine (P) and Nitroglycerin (NTG) Administration and Corretation of 








:: -Diastolic Dip Magnitude With Right Ventricular End-Diastolic Pressure 














Case 1 Case 2 
Supine Squat P NTG Supine Squat P NTG 
=- Right ventricular pressure (mm Hg) 
Systolic 45 46 48 45 33 40 36 36 
End-diastolic 15 20 18 17 12 22 16 13. 
Diastolic dip magnitude 12 20 18 16 10 14 13 10 
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Cardiogram —-- > 


Pressure 
mm Hg 

















RECUMBENT 





SQUAT 






| | 


PHENYLEPHRINE NITROGLYCERIN 


FIGURE 1. Case 1. Simultaneous right ventricular pressure curve and external phonocardiogram demonstrating the behavior of the early diastolic 
dip and the early diastolic sound (EDS) during active squatting and phenylephrine and nitroglycerin administration. Brackets indicate the depth of 
the right ventricular (RV) early diastolic dip (in mm Hg), measured from the nadir point of the dip to the onset of right ventricular end-diastolic pressure. 
Paper speed = 50 mm/s; EKG = electrocardigram; S; and S; = first and second heart sound, respectively. 


changes in the right ventricular pressure curves are summa- 
rized in Table II. 

In Case 1 (Fig. 1) no early diastolic sound was present when 
the patient was recumbent, although the diastolic dip was 12 
mm in magnitude. During active squatting, as the sound ap- 
peared, the diastolic dip increased to 20 mm. Phenylephrine 
increased the dip to 18 mm and provoked a huge early diastolic 
sound. After the administration of nitroglycerin the magni- 
tude of the diastolic dip was reduced to 10 mm, with prompt 
disappearance of the early diastolic sound. End-diastolic 
pressure also increased 3 to 5 mm as the sound appeared. 

In Case 2 (Fig. 2) the early diastolic sound was faintly 
present when the patient was recumbent, and the diastolic dip 
measured 10 mm. With passive squatting (simulated supine) 
the early diastolic sound sharply increased and the dip in- 
creased to 14 mm. Phenylephrine increased the diastolic dip 


to 13 mm and induced the appearance of a prominent early 
diastolic sound. These maneuvers also increased the end- 
diastolic pressure 4 to 8 mm. After the administration of ni- 
troglycerin the early diastolic sound disappeared as the 
magnitude of the early diastolic dip and the end-diastolic 
pressure fell to control levels. 

In both cases as the sound appeared, right ventricular 
systolic and end-diastolic pressures tended to increase 
slightly. However, the most significant change was a 30 to 75 
percent deepening of the diastolic dip, a larger movement 
occurring within the same time scale. This observation 
suggests that the slope of one or both limbs of the dip had 
steepened but, in fact, changes in slope were small and hard 
to measure. We were unable to confirm Mounsey’s findings 
of steepening of the upstroke of the dip as the sound devel- 


oped. 





RECUMBENT SQUAT - 
FIGURE 2. Case 2. Simultaneous right ventricular pressure curve and external phonocardiogram, demonstrating the behavior of the early diastolic 
dip and the early diastolic sound during passive squatting and phenylephrine and nitroglycerin administration. Measurements and abbreviations 
as in Figure 1. 
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Discussion 


Genesis of early diastolic sound: Early diastolic 
filling of the constricted ventricle begins freely and 
< continues very rapidly under a large head of pressure 
until the limit set by the unyielding pericardial envelope 
_ is suddenly reached. At this point the pressure abruptly 
- increases, flow just as abruptly diminishes, and the early 
diastolic sound may occur. Our data suggest that sound 
production is a threshold phenomenon, resulting from 

only moderate and sometimes temporary accentuation 
“of hemodynamic abnormalities, given the basic sub- 
strate of constrictive pericarditis. We agree with the 
concepts of Piemme et al. and Mounsey! that abrupt 
deceleration of rapid inflow is the chief factor in the 
production of filling sounds. The labile factors in sound 
production are probably the impetus of inflow (its 
pressure and velocity) and the end-systolic volume. The 
larger excursion of the diastolic dip in the presence of 
the sound seems to be evidence for more sudden de- 
celeration of inflow. 
Effect of squatting and phenylephrine: Squatting 
has dual effects on the circulation, increasing both ve- 
“nous return and peripheral resistance. In cases of he- 
modynamically obvious pericardial constriction, di- 
uresis and a decrease in intravascular volume have led 
decreased filling pressures and loss of diastolic 
pressure equilibration.'® Conversely, hemodynamically 
occult pericardial constriction has been unmasked by 
volume loading." It is easy to see how volume expansion 
(Case 1) or augmented venous return could excite a 
filling sound and how this sound could be reduced by 
nitroglycerin, which produces venous pooling.'® But it 
is harder to explain why phenylephrine, which does 
not augment filling, has no direct effect on the right 
ventricle and acts as a systemic vasoconstrictor,!® could 
also affect both the right ventricular pressure curve and 
the sound. The mechanism of phenylephrine’s action 
is probably sudden dilatation and increase in the dia- 
stolic pressure of the acutely afterloaded left ventricle.2° 
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Perhaps during the mutual confinement of constrictive 
pericarditis hemodynamic manipulation of the left 
heart chambers has a more immediate effect on the right 
chambers. Yet the possibility remains that the early 
diastolic sound is biventricular. Similar augmentation 
of the sound by equipressor doses of phenylephrine and ° 
squatting is most simply explained by direct effects on 
the left ventricle, which were not carefully studied in our 
cases. 

The early diastolic dip: Our failure to duplicate 
Mounsey’s correlation of sound with a sharpened up- 
stroke of the diastolic dip may be due to the lesser 
damping of our pressure tracings, particularly in Case” 
2. Possible differences in the magnitude and slope of the 
dip pressure (nadir level) could also be related to critical 
damping and response characteristics of fluid-filled 
catheters versus manometer-tipped catheters. Yet, 
Mounsey’s-records also appear to show that the sound: 
correlated with a deeper dip, which may be the most ` 
constant hemodynamic equivalent and less dependent 
on the pressure recording system. : 

Implications: Squatting may be a valuable maneuver. 
to elicit or intensify the early diastolic sound of con- 
strictive pericarditis. Phenylephrine seems to have a. 
similar effect that is reversed by nitroglycerin. Ma- ` 
neuvers that elicited the early diastolic sound in our. two 
cases were consistently accompanied by a deepening of 
the diastolic dip but the amount of change often seemed 
modest in proportion to the intensification of sound, 
suggesting that production of the early diastolic sound 
is a threshold event. It has long been known that gallop- 
sounds are often labile and can be made to vary with 
vasoactive maneuvers. Not surprisingly, the early dia- 
stolic sound seems to fall into the same category. 
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Mitral Valve Prolapse: Jet Stream Causing 


A 53 year old man died of cerebral hemorrhage while being treated for - 
Streptococcus mutans endocarditis. At autopsy the only endocarditic — 
lesion was on the teft atrial mural endocardium. The noninfected mitral : 
valve demonstrated prolapse and mucinous degeneration. The tatter had 
led to rupture of several chordae tendineae, with the resultant jet stream _ 
predisposing to endocarditis at its point of atrial impact. The case provides. 
confirmation of current concepts of the pathogenesis of endocarditis and ` 
has important therapeutic implications. 


Infective endocarditis is one of the major complications of the mitral. 
valve prolapse syndrome. We recently observed a patient with fatal 
endocarditis who was found at autopsy to have clinically unsuspected. 
mucinous degeneration of the mitral valve with associated rupture of 
noninfected chordae tendineae. The location of the only infected cardiac 
lesion, on the left atrial mural endocardium, affords unique confirmation 

of current concepts of the pathogenesis of infective endocarditis and has- 
important therapeutic implications. : 


Case Report 


Clinical findings: A 53 year old man was admitted because of 6 weeks of daily 
fever to 40° C, weakness, malaise and anorexia with a 5.5 kg weight loss. He had 
not seen a physician in many years and was unaware of a previous heart 
murmur. 

On examination, he was pale and weak. The body temperature was 38.7° C; 
pulse rate 92/min, respirations 20/min and blood pressure 130/80 mm Hg. There 
were no peripheral manifestations of endocarditis. The teeth were carious and © 
periodontal disease was present. The point of maximal cardiac impulse was 2- 
cm to the left of the mid clavicular line. The first heart sound was normal, the 
second sound was physiologically split and a fourth sound was present. A grade 
4/6 holosystolic murmur was heard along the lower left sternal border, radiating 
to the axilla and increasing with the Valsalva maneuver. There was no diastolic © 
murmur. 

Laboratory findings: The chest roentgenogram and electrocardiogram were 
normal. Urinalysis revealed a protein level of 27 mg/100 ml and 5 white blood 
cells and 3 red blood cells per high power field. The hematocrit reading was 41° 
percent and the leukocyté count 18,700 mm? with 22 percent band cells, 63 
percent neutrophils, 7 percent lymphocytes and 7 percent monocytes. Sedi- 
mentation rate (Westergren) was 66 mm/h. Results of a latex fixation test were 
positive at 1:20 and an antinuclear antibody test was positive at 1:40 with a pe- 
ripheral pattern. Cerebrospinal fluid examination was normal. No valve -vege=" 
tations were seen in the echocardiogram, which did not visualize the posterior 
mitral leaflet adequately to assess valve prolapse. oe 

Clinical course: Late on the ist hospital day, the patient manifested anes- — 
pressive aphasia. On examination at that time he had moderate weakness of the _ 
right arm and leg and central facial weakness. Cerebrospinal fluid protein was |: 
49 mg/dl and glucose 64 mg/dl (blood glucose 126), and there were 271 red blood 
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FIGURE 1. Photomicrograph of ruptured chordae tendineae of mitral 
valve, showing fibromyxomatous degeneration. (X400, reduced by 23 
percent.) 


cells and 5 white blood cells (60 percent lymphocytes)/mm‘*. 
He was given penicillin G, 24 million units/day, and genta- 
micin, 1.5 mg/kg every 8 hours intravenously. Twelve blood 
cultures yielded growth of an alpha hemolytic streptococcus 
identified as S. mutans by the Massachusetts State Labora- 
tory. Because penicillin at a concentration of 0.125 ug/ml or 
less was bactericidal against the organism, administration 
of gentamicin was discontinued. 

The fever, aphasia and malaise decreased over the next 2 
days. He then suddenly became apneic and was resuscitated. 
A left carotid angiogram revealed two distal aneurysms in the 
left middle cerebral arterial distribution and a large avascular 
intracerebral mass displacing the midline vessels to the right 
and the middle cerebral group downward. A left frontotem- 
poral craniotomy was performed with evacuation of subdural, 
intracerebral and intraventricular hematoma, but the patient 
did not regain consciousness and died 4 days later. 

Pathologic findings: At autopsy the heart demonstrated 
moderate cardiomegaly (weight 530 g) with left atrial and 
biventricular dilatation. Moderate atherosclerosis involving 
all major arteries was present. There was no evidence of an 
acute myocardial infarct or papillary muscle ischemia. The 
mitral valve ring was slightly dilated (circumference of 12 cm). 
The mitral valve leaflets were moderately thickened, glis- 
tening and semitransparent, with a bluish-grey “myxomatous” 
appearance. The chordae tendineae were similar in appear- 
ance, markedly attenuated and reduced to threadlike strands. 
Several had ruptured between their leaflet and papillary 
muscle attachments. There were no vegetations on either the 
mitral leaflets or chordae tendineae. 

A localized 2 by 2 cm circular lesion was present on the left 
atrial mural endocardium immediately superior to the pos- 
terior mitral valve leaflet but beyond reach of the leaflet itself. 
This endocarditic lesion contained fibrin, nuclear debris, 
platelets and gram-positive cocci. The remaining left atrial 
endocardium was intact. 

Microscopic sections of the mitral valve leaflets and 
chordae tendineae (Fig. 1) demonstrated increased ground 
substance and disruption of the normal fibroelastic matrix. 
Excessive acid mucopolysaccharide accumulation was con- 
firmed by Alcian blue stain. These pathologic changes have 
previously been described.™ Aschoff bodies were not seen. 





Discussion 


Mitral valve prolapse is a common entity* that as- 
sumes importance mainly because of the possible oc- 
currence of life-threatening arrhythmias, sudden death, 
severe mitral regurgitation or endocarditis. The inci- 
dence of endocarditis is unclear, but in one prospective 
study endocarditis developed in 5 of 58 patients, and 
elsewhere® reports of about 115 cases are collected, one 
series alone’ contributing 35 cases. 

The anatomic location and pathologic features of 
endocarditis have not been emphasized. In a series of 
137 necropsies on patients with active endocarditis, 
Arnett and Roberts’ reported two cases of underlying 
“floppy valve”; in both cases, the infection was on the 
valve itself. In the same series, there were eight cases of 
infective endocarditis limited to mural endocardium 
but, unlike our case, all eight cases were fungous. More 
recently,! 10 infected floppy mitral valves were exam- 
ined pathologically. Ruptured chordae were found in 
six and valve vegetations in four, but no mural endo- 
carditis was described. 

Our patient illustrates several points. First, as pre- 
viously noted,!:? endocarditis can be the initial pre- 
sentation of mitral valve prolapse, and the presence of 
that predisposing condition can be unsuspected even 
after the diagnosis of endocarditis has been established. 
Second, endocarditis in such patients may have a fatal 
outcome, thus emphasizing the risk associated with the 
syndrome of mitral valve prolapse. 

Third, the cardiac infection need not be confined to 
the mitral valve and may not even involve that valve. 
The pathophysiologic sequence of events in our case are 
unique and merit emphasis. The primary underlying 
defect appears to have been excessive accumulation of 
acid mucopolysaccharide ground substance in mitral 
valve leaflets and chordae tendineae, causing “myxo- 
matous” degeneration of both structures. Hemody- 
namic stresses probably resulted in spontaneous rup- 
ture of several chordae tendineae. This allowed mitral 
regurgitation (jet stream effect) to occur and induce a 
localized area of erosion in the left atrial endocardium. 
The location of the left atrial mural endocarditis dem- 
onstrates that the regurgitant jet stream was directed 
posteriorly as a result of spontaneous rupture of the 
anterior mitral valve chordae tendineae. The lesion 
became infected consequent to transient bacteremia, 
probably from a dental source. Subsequent septic ce- 
rebral embolization resulted in death. 

We interpreted the patient’s holosystolic murmur as 
indicating infection either of the mitral valve itself or 
of its chordae tendineae, whereas in fact the murmur 
was caused by degeneration and spontaneous rupture 
of uninfected chordae tendineae. This misinterpretation 
might have had serious consequences. For example, if 
the patient had survived but had continued to experi- 
ence cerebral embolization, we might have considered 
mitral valve replacement advisable. Clearly, such sur- 
gery, unless it included removal of the left atrial seeding 
focus, would not have had the desired effect. Likewise, 
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had we experienced difficulty in sterilizing the blood- 
stream and contemplated mitral valve replacement for 
-— that reason, the operation would also not have accom- 
_plished its goal. 
_ It is impossible to know how many cases of infective 
ndocarditis associated with mitral valve prolapse share 
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the pathogenetic mechanism seen in our case. Twelve _ 
previous cases!:° did not. However, one should consider 
the possibility of such a mechanism in patients with 
infective endocarditis associated with mitral valve. 
prolapse, especially if valve replacement is being con- 
sidered. = 
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Cardiac catheterization in a patient 4 weeks after coronary arterial bypass 
surgery demonstrated the typical hemodynamic findings of constrictive 
pericarditis, which completely resolved after removal of 500 mi of clotted 
pericardial blood. The pericardium was not responsible for the findings 
because it was left in place. This case demonstrates that clotted hemo- 
pericardium may mimic constrictive pericarditis. 


Although constrictive pericarditis and cardiac tamponade both impair 
cardiac filling, they also have distinct hemodynamic differences. 4 We 
report a case of postoperative hemopericardium with the hemodynamic 
characteristics of constrictive pericarditis rather than cardiac tamponade 
and propose a possible explanation. 


Case Report 


A 65 year old man with three vessel coronary artery disease and normal left 
ventricular function underwent insertion cf saphenous vein bypass grafts to each 
of the three majer coronary arteries. At operation the pericardium was normal 
and was left open. Two weeks after operation the patient had a syncopal episode. 
Because of the clinical suspicion of a pulmonary embolus he was treated with 
an intravenous infusion of heparin. Twenty-feur hours later his condition de- 
teriorated. The blood pressure decreased to 80/70 mm Hg with less than 5mm 
Hg of respiratory variation; central venous pressure increased to 22 cm H20, and 
the pulse rate increased to 120/min. The chest was clear on auscultation and the 
heart sounds were slightly diminished. An early diastolic sound was intermit- 
tently present. The electrocardiogram revealed sinus tachycardia and left ven- 
tricular hypertrophy. An echocardiogram demonstrated a posterior echo-free 
space. Administration of heparin was discontinued. 

Cardiac catheterization was performed because of the possibility of cardiac 
tamponade or pulmonary embolism. Simultaneous pulmonary capillary wedge 
pressure measurement and right heart pullback revealed equalization of the 
pulmonary capillary wedge and right heart diastolic pressures at 20 mm Hg (Fig. 
1). There was a prominent-early diastolic dip and plateau pattern in the right 
ventricular pressure and the right atrial pressure tracing had a prominent y 
descent and a loss of respiratory variation. Left ventricular pressure was not 
measured. The aortic pulse pressure was narrow (Fig. 2) and there was less than 
10 mm Hg of respiratory variation. Pulmenary arterial and aortic root angio- 
grams were normal. 

The patient was immediately taken to the operating room where the median 
sternotomy wound was reopened. Removal of approximately 500 cc of clotted 
pericardial blood produced marked immediate hemodynamic improvement. 
The blood pressure promptly increased to 160/80, pulmonary arterial pressure 
decreased to 25/14 and right atrial pressure decreased to 5 mm Hg. No bleeding 
site was identified and the pericardium was not resected. The postoperative 
course was uncomplicated and the patient was discharged 1 week later. 


986 February 1980 The American Journalof CARDIOLOGY Volume 45 





Qep ; ‘sec 

FIGURE 1. Simultaneous recording of the pulmonary capillary wedge 

(PCW) with right atrial (RA) and right ventricular (RV) pressures. There 

is equalization of end-diastolic pressures at 20 mm Hg, the y descent 

is more prominent than x descent in the right atrial pressure, and the 

right ventricular pressure has a prominent diastolic dip and plateau 
: pattern suggestive of pericardial constriction. ECG = electrocardio- 

gram. 


Comment 










Hemodynamics of cardiac tamponade versus 
constrictive pericarditis: Cardiac tamponade and 
constrictive pericarditis both impair ventricular filling, 
but in different ways.° In constrictive pericarditis the 
_ heart is surrounded by an unyielding shell of noncom- 
— pliant pericardium. The resistance to initial diastolic 

filling is relatively normal and the heart fills rapidly 

until_a critical cardiac volume is reached early in dias- 
tole. Then the compliance of the combined myocar- 
dial-pericardial system abruptly decreases, causing 
cessation of ventricular filling and an abrupt increase 
in the ventricular and atrial pressures.*+ This produces 
the early diastolic dip and plateau of the ventricular 
pressure tracing and the sharp y descent of the atrial 
pressure tracing. Venous return remains biphasic in 
constrictive pericarditis, occurring both in early diastole 

and during ventricular systole; thus the right atrial x 

descent is preserved.! The respiratory variation in ve- 
: pous return may be lost and right atrial pressure may 

even increase during inspiration.! 
__. In contrast, cardiac tamponade is due to accumula- 
tion of pericardial fluid that causes an elevation in in- 
trapericardial pressure, producing cardiac compression 

-and interference with venous return throughout the 

cardiac cycle.*4 In tamponade, venous return becomes 
monophasic and occurs primarily during ventricular 
systole; thus, the right atrial x descent is prominent, and 
the y descent is lost.}-4 The ventricular pressure does 
not display an early diastolic dip and plateau pat- 
tern.}.2.5 The respiratory variations of the intrathoracic 
pressure are transmitted to the intrapericardial space® 
and inspiratory augmentation of systemic venous return 
is preserved,! leading to the development of pulsus 
paradoxus, a hallmark of cardiac tamponade.® In con- 
“trast, pulsus paradoxus is a less frequent finding in 
- constrictive pericarditis.’ 
_ Explanation of features of constrictive pericar- 
itis with clotted pericardial blood: The accumula- 
-tion of enough blood in the pericardial space to produce 
~ hemodynamic impairment normally results in cardiac 
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FIGURE 2. Central aortic pressure with a respiratory variation in systolic 
pressure (pulsus paradoxus) of 8 mm Hg. : 


tamponade. Our patient with clotted pericardial blood 
did not have the expected hemodynamic characteristics 
of tamponade but instead the typical features of con- 
strictive pericarditis: equalization of left- and right- 
sided filling pressures, prominent right atrial y descent, _ 
right ventricular diastolic dip and plateau pattern, loss 
of respiratory variation of right atrial pressure and lack _ 
of marked pulsus paradoxus. The hemodynamic im- 
pairment was due to the presence of the clotted blood. 
in the pericardium because its removal produced a` 
prompt normalization of the hemodynamics. The peri- 
cardium was not responsible for the hemodynamic 
changes because it was left in place at reoperation. 

A possible explanation is that, because the pericardial 
space was filled primarily by clotted blood, the heart was 
surrounded by a noncompliant shell of clotted blood 
rather than by a pericardial space filled with fluid under 
pressure. Early diastolic filling was not impaired until 
the cardiac volume reached that of the surrounding shell 
of clotted blood. This shell also isolated the heart from 
respiratory changes in intrathoracic pressure. Thus, 
hemopericardium with clotted blood may mimic the 
pathophysiologic features of constrictive pericarditis 
and not produce the typical hemodynamic changes of 
cardiac tamponade. In a recently reported case? of 
“constrictive pericarditis” occurring 2 weeks after car- 
diac surgery, resolution of the hemodynamic picture of 
constriction occurred after removal of 50 g of clotted 
pericardial blood and the resection of large sections of 
thickened and adherent pericardium. It is possible that 
the hemodynamic changes were at least partly due to 
the clotted hemopericardium. 

Implications: The recognition that clotted hemo- 
pericardium may not produce the classic hemodynamic 
and clinical features.of cardiac tamponade but instead 
mimic constrictive pericarditis may be clinically im- 
portant. When clotted hemopericardium is a possibility, 
as in the period after cardiac surgery or chest trauma, 
the lack of marked pulsus paradoxus and the preser- > 
vation of a right atrial y descent may not rule out he- 
mopericardium as the cause of hemodynamic impair- 
ment. i 
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The surgical insertion that used to take 20 to 45 

minutes is now completed without surgery in 
approximately 5 minutes. Further, removal is accom- 
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With this new technique, it is apparent that intra-aortic balloon 
pumping, when indicated, will be used by more medical specialists 
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and ensures system upgrade. In addition, M-101 listens 
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be connected to the M-101 system for calculations of 
various parameters from displayed echo pictures. 
Essential patient data is shown next to “frozen” echo 
pictures. 59 cardiac functions and parameters may 
be measured with computer electronics accuracy, by 
joy-stick controlled cursors. Calculations are fast, 
“real-time” (during the examination) and may be stored 
for future reference. The Digitizer ensures computer 
certain precision and simplifies the examination process. 
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IN THE ANXIOUS POST-MI PATIENT 


THESE PARAMETERS MAY BE IMPROVING. 











The patient’s ECG shows an improved 
picture with virtually no signs of the S-T 
segment shift associated with myocar- 
dial injury. Both the erythrocyte sedi- 
mentation rate and the SGOT are 
now within normal limits. Blood 
pressure readings are on the low 

side and the patient's pulse rate 

is down to 80 beats per minute. 

The atrial gallop sound can 
no longer be heard. 





BUT THESE MAY NOT. 








You’ve assured the patient, time 
and again, that he’s making ex- 
cellent progress, that all signs 
point to a marked improve- 
ment in his condition. He 
seems to understand... 
and yet, his 











excessive 

f anxiety and 

j psychic tension continue 

į to pose problems. 

/For patients like this, adjunc- 

/ tive Valium (diazepam) can 

be particularly useful. Valium 

works promptly: patients often 
feel distinctly calmer in hours, 
usually report significant symp- 
tomatic relief within days. And 
once calmer and in better con- 
trol of their emotions, they tend 
to be more optimistic as well 
and to enter more willingly into 
rehabilitative programs. 

Valium can also alleviate the 
anxiety-linked insomnia so often 
seen in post-MI patients. In 
most cases, adding an h.s. dose 
of Valium to the usual t.i.d. 
schedule helps relieve “night- 
time apprehensions” and 
encourages sleep. And Valium is 

~ used with most classes of pri- 
mary medications, including 








cardiac glycosides, anticoagu- 
lants, diuretics and vasodilators. 
An especially important advan- 
tage: Valium (diazepam) is usually 
well tolerated. Though drowsiness, 
ataxia and fatigue are encoun- 
tered with some patients, these 
and more serious side effects are 
rarely a problem. Patients who 
will be taking Valium during 
their first weeks at home should 
be cautioned against the simul- 
taneous drinking of alcohol. 
Periodic reassessment of the pa- 
tient’s need for psychotropic 
medication is also recommended. 




















VALIUM. 


diazepam /Roche 


mg, 5-mg, 10-mg scored tablets 


TO REDUCE EXCESSIVE ANXIETY 
TO MORE MANAGEABLE LEVELS 


Before prescribing, please see following 


page for a summary of product folowing CHE 


Valium® (diazepam/Roche) 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 
Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional 
factors: psychoneurotic states manifested by ten- 
sion. anxiety, apprehension. fatigue. depressive 
symptoms or agitation: symptomatic relief of 
acute agitation. tremor. delinum tremens and 
haliucinosis due to acute alcohol withdrawal, ad- 
junctively in skeletal muscle spasm due to reflex 
spasm to local pathology: spasticity caused by 
upper motor neuron disorders: athetosis: stiff-man 
syndrome: convulsive disorders (not for sole 
therapy) 
The effectiveness of Valium (diazepam) in long- 
term use, that is, more than 4 months. has not 
been assessed by systematic clinical studies. The 
physician should periodically reassess the useful- 
ness of the drug for the individua’ patient 
Contraindicated: Known hypersensitivity to the 
drug. Children under 6 months of age. Acute nar- 
row angie glaucoma; may be used in patients 
with open angle glaucoma who are receiving 
appropriate therapy 
Warnings: Not of value in psychotic patients 
Caution against hazardous occupations requiring 
complete mental alertness. When used adjunc- 
tively in convulsive disorders. possibility of in- 
crease in frequency and/or severity of grand mal 
seizures may require increased dosage of stan- 
dard anticonvulsant medication: abrupt withdrawal 
may be associated with temporary increase in 
frequency and/or severity of seizures Advise 
against simultaneous ingestion cf alcoho! and 
other CNS depressants. Withdrawal symptoms 
(similar to those with barbiturates and alcohol) 
have occurred following abrupt discontinuance 
(convulsions, tremor, abdominal anc muscle 
cramps, vomiting and sweating). Keep addiction- 
prone individuals under careful surveillance be- 
cause of their predisposition to habituation and 
dependence 
Usage in Pregnancy: Use of minor tranquiliz- 
ers during first trimester should almost al- 
ways be avoided because of increased risk 
of congenital malformations as suggested in 
several studies. Consider possibility of preg- 
nancy when instituting therapy; advise pa- 
tients to discuss therapy if they intend to or 
do become pregnant. 
Precautions: |f combined with other psycho- 
tropics or anticonvulsants, consider carefully 
pharmacology of agents employed. drugs such 
as phenothiazines. narcotics. barbiturates. MAO 
inhibitors and other antidepressants may poten- 
tiate its action. Usual precautions indicated in pa- 
tients severely»depressed, or with latent depres- 
sion, or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function 
Limit dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia or 
oversedation 
Side Effects: Drowsiness, confusion, diplopia 
hypotension, changes in libido, nausea. fatigue 
depression, dysarthria, jaundice, skin rash, ataxia, 
constipation, headache, incontinence, changes in 
Salivation, slurred speech, tremor, vertigo, urinary 
retention, blurred vision. Paradoxical reactions 
such as acute hyperexcited states, anxiety, hal- 
lucinations, increased muscle spasticity, insomnia, 
rage, sleep disturbances, stimulation have been 
reported; should these occur, discontinue drug 
Isolated reports of neutropenia. jaundice; periodic 
blocd counts and liver function tests advisable 
during long-term therapy. 
Dosage: Individualize for maxmum beneficial ef- 
fect. Adults: Tension, anxiety end psychoneurotic 
states, 2 to 10 mg bii.d. to q.i.d.; alcoholism 
10 mg t.i.d. or q.i.d. in first 24 hours, then 5 mg 
tid. or q.i.d. as needed; adjunctively in skeletal 
muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunc- 
tively in convulsive disorders, 2 to 10 mg b.i.d. to 
q.i.d. Geriatric or debilitated patients: 2 to 2V2 
mg, 1 or 2 times daily initially, ncreasing as 
needed and tolerated. (See Precautions.) Chil- 
dren: 1 to 2¥2 mg t.i.d. or q.i.d. initially, increasing 
as needed and tolerated (not for use under 
6 months) 
Supplied: Valium® (diazepam) Tablets. 2 mg 
5 mg and 10 mg—bottles of 100 and 500; 
Tel-E-Dose® packages of 100. available in trays of 
4 reverse-numbered boxes o* 25. and in boxes 
containing 10 strips of 10; Prescription Paks of 50 
available singly and in trays of 10 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 07110 
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A Technical Breakthrough 
in Cardiac Surgery 





GARDIO-PROBE 


CONDUCTION CARDIOGRAPH/BUNDLE OF 
HIS DETECTOR/ automated-audible 
localization of cardiac conduction tissue/ 
myocardial ischemia/infarction and facilitated 
recording of HIS Bundle Electrograms 


For the 

cardiovascular surgeon 

e congenital cardiac repair 

e infarctectomy/ 
aneurysmectomy 

© revascularization 

© valve replacement 

e electrosurgery 


For the cardiologist 
concerned with. . . 

e HIS Bundle electrograms 
e arrhythmia studies 

® pacemaker selection 


For the investigator 

® conduction-system 
electrophysiology 

æ cardiac pharmacology 

æ cardiac toxicology 


The CARDIO-PROBE 

includes... 

e an audible pacemaker to 
help establish pacing 

è a conduction 
cardiograph, fully 
patient-isolated, tripolar 
probe included. Adjustable 
gain 40-500 Hz bandwidth 

e Bundle-of-HIS detector, 
with fixed alarm threshold 


References: 


Inputs include. .. 

both tripolar probe and 
tripolar catheter for flexibility 
in use 


Applications include. . . 

® localization of 
Bundle-of-HIS 

e delineation of aneurysms 

e delineation of 
ischemia/infarcts 

e mapping conduction 
pathways 

è recording HIS Bundle 
electrograms 





For more information, 
contact 


Seecory “linc. 


512 South Freeway 
Fort Worth, Texas 76104 
(817) 338-0451. 


Siegel, L., Mahoney, E. B., Manning, J. A., and Stewart, S.: An Audible Alarm System 
to Facilitate the aen yiee identification of Cardiac Conduction Tissue, The 
Journal of Thoracic and Cardiovascular Surgery, 68:241, August, 1974. 


Green, R., Siegel, L., Hill, A., DeWeese, J. A., and Stewart, S.: Regional Myocardial 
Infarction at ation — An Automated System of Identification, Archives of 


Surgery, 110:1416, Nevember, 1975. 
See the CARDIO-PROBE at the 


American College of Cardiology Meeting. 


You do. Ca procedures yield an im- 
mense amount of information about a patient's cardiac 
function. But assembling all of this data into a coherent 
diagnostic picture can be a time-consuming process 
That's why our MEDDARS computerized cath lab data 
system is proving its usefulness every day. 

MEDDARS displays all data on a bright, nonfade 
display. It records everything you want to save on black- 
on-white records, and it performs hemodynamic calcula- 
tions in seconds. When the case is complete, MEDDARS 


pn anew? 


CELLAL 





generates the final report before you leave the lab 

Your MEDDARS can start as a basic display and 
recording system. You can later upgrade it- right in your 
lab — into a fully automated system. You can also add 
options for left ventricular volume analysis, and even data 
base management. 

For complete details about MEDDARS or our com- 
plementary SIMULTRACE Recorders, call us today or 
see these systems in Booths 452 and 556-563 at the 
ACC Meeting in Houston, March 10-13. 


TOGETHER, WE'LL SHOW YOU A BETTER WAY. NEM / Honeywell 


Electronics for Medicine, Honeywell Inc., 
One Campus Drive, Pleasantville, New York 10570 


While half of us watch the recordings. 


uae 





At Clinical Data, accuracy is just one 
important part of every LCG™ Report. 
It’s a basic part of the quality that i 
has allowed us to become the 
largest long term ECG recording 
and reporting service in the coun- 
try. It's why we design and build 
our own lightweight recorders; 
it’s why we looked hard at the 

old superimposition method of 
scanning and came up witha 
better way—our exclusive 
Stein/Peterson™ Examination 
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can validate the data —all are 
presented clearly on convenient 
Z-fold paper. 
And none of it means a thing 
without one other basic: 
Prompt delivery. 


EA 
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Technique. 

And it’s why we also looked ‘ 
at reporting techniques. Our as 
LCG Report is the result of A 
constant awareness not only of YA 
the information you desire, NRR 
but the format you prefer. Real as 
time printouts of significant mis 
ECG tracings; quality control HA MA 
standards that include observer AM Wy /. 
validated quantitation of ec- AN LANA /; 
topic activity by morphology; Mea WV 
graphic printout of each quan- KK Wai 
titated ORS morphology so you is WA 

Ni 


oo 
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the other half watches the clock. 


At Clinical Data, we review tapes 24 hours a day, 
seven days a week on over a dozen systems. 
Saturday nights are reserved for system main- 
tenance. We have installed remote printers in 
seven U.S. cities (with more scheduled) 
that allow us to transmit reports cross 
country in a matter of minutes. We 
process thousands of tapes a month. 
To keep all of that happening, we've 
organized. 

Our expediting department is on a 
first name basis with key personnel 
at major courier and postal offices 

nationwide. Working with each new 
customer, they define pick-up and 
delivery priorities, establish sched- 
ules, and evaluate performance. 
We enter every incoming tape 
into our computerized tracking 
A system. We can tell in an instant 
AN where it’s from, when it arrived, 
he who delivered it, when it’s been 
= WS N examined, by whom, and how and 
Axe \” when it should be delivered. 
foie We've prepared a sample LCG 
\ Report and a brochure that describes 
in step-by-step detail how we can 
convert a 24-hour ECG recording into a 
24-hour LCG Report and deliver it on time 
A anywhere in the U.S.—often within 24-hours. 
` So call us toll-free at 800-225-9180: We'll 
prove to you that our commitment is to long- 
term recording and short-term delivery. 
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Clinical Data, Inc. 
1371 Beacon Street, Brookline, MA 02146 
Toll-free: 800-225-9180 


Visit us at Island Booth #708, 
A.C. of C. Meeting, Houston, March 9-13, 1980 





cinti 


ress 


Stops the Wheelchair Express! 


You all agree — shuttling critically ill 
patients, or even ECG carts, back 
and forth between the Cardiology 
and Nuclear Medicine labs is not the 
way to go. ScintiStress lets you do it 
allin one lab. 


Cambridge Instrument Company de- 
veloped the first ECG equipment. 
Now, Cambridge is the first to orga- 
nize stress testing logically, for com- 
bined nuclear and electrocardio- 
graphic stress protocols. 


So, if you are looking for a stress sys- 
tem that you can also use for nuclear 
studies, Cambridge has one for you. 
Our electrodes and patient cables 
are radio-translucent, especially 
important with low energy Thallium- 


201 studies . . . and we can supply a 
complete system for use with your 
gamma camera, including an ECG 
output for a gated trigger and a hori- 
zontal exercise table with pedal 
ergometer for gated blood pool 
studies. Treadmill systems with plug- 
in program cartridges, too. A special 


filter eliminates camera noise; and 
the full feature 3-channel ECG re- 
corder with 4-channel stress test 
monitor, and heart rate meter, are 
packaged in a compact, mobile 
console. 


Call or write for the ScintiStress bro 
chure and a list of nuclear stress tes 
references: Cambridge Instrument 
Company, Inc., 73 Spring Street, 
Ossining, New York 10562, Tel: 
(914) 941-8100. 


Cambridge 
Instrument 
Company, Inc. 


first in electrocardiography 


Represented in Canada by: Sterimed, 47 Baywood Rd., Rexdale, Ontario MSV 3Y9 @ Tel: 416-749-6111 





PROGRAAALITH 
INTERROGATABLE 


How does it work? 
Why not ask it yourself! 


Pacesetter’ Systems, Inc. 
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ABSTRACTS 





_ Abstracts of Papers to be Presented at the 29th Annual 


Scientific Session of the American College of Cardiology 


Houston, Texas, March 9 to 13, 1980 


This year a record number of abstracts, 1755, were submitted for evaluation. Each was graded 
by 10 recognized authorities in the special field of interest. Acceptance of abstracts for pre- 
sentation was based on grade ranking in proportion to total number of abstracts assigned 
by the authors in each category. 

Our membership has varied backgrounds and interests so that the Scientific Sessions were 
planned to maintain a balance between structured and abstract sessions. The total of 424 
abstracts selected for presentation this year is a record for the College. The percent of sub- 
mitted abstracts selected remains essentially unchanged from last year, i.e., 25 percent. The 
Program Committee is aware of the important role of the abstract sessions and regrets that 
many excellent studies could not be accepted. The Committee has sought and will continue 














to look for ways to expand the abstract sessions for future meetings. 





MONDAY, MARCH 10, 1980 

AM 

CORONARY ARTERY DISEASE: ROLE OF VASOSPASM 
10:30-12:00 


THE EFFECTS OF VERAPAMIL ON CORONARY HEMODYNAMICS AND 
VASOMOBILITY IN PATIENTS. WITH CORONARY ARTERY DISEASE 
eng eb Y.C. Chew, MD;-B. Greg Brown, MD; Maylene 
Wong, Pravin M, Shah, MD;.Bramah N: Singh, MD, Ph.D., 
VA: Wadsworth Hospital, Los Angeles. California, and 


Edward L. Bolson, MD; Harald T. Dodge, MD, University of 
Washington, Seattle, Washington 


Verapamil (V), a potent Ca@t-antagonist, is effective in 


= exertional and rest angina with its mode of action remain- 
-o ing unclear. Its IY. effects (0.145 mg/kg in 2 min with 
«0,005 mg/kg/min- infusion): on mean aortic pressure (MAP), 


“mean pulmonary wedge pressure (PCW}, cardiac index (CI), 
“coronary sinus flow (CSF), systemic resistance (SR), pul- 
monary resistance (PR), coronary resistance (CR) and myo- 
cardial oxygen consumption (MV02) were determined in 7 pts 
during coronary angiography. Lumen cross sectional area at 
"normal" (An) and most narrowed (Amin) points and the 
stenosis flow resistance (Rs) were determined by a comput- 
er-based angiographic. analysis of 18 diseased coronary 
segments. Results (means#SD; +increased; +decreased; *p< 

-O1}): MAPY (1009 to 85:11 mmHg*); SR+ (12804320 to 10324 
272 dyne-sec- rom 5) ; PCW+ (1221 to 1622 mmHg*) with insig- 
nificant changes in HR, PR and CI. MVO2 decreased 18%+2% 
(N=3). Pressure-rate product (PRP) + 2347%. 


CSF An Amin Rs CR 

i 2 2) (dyne'sec:cm 9x10? 
1022:37 6.825 -941.9 #21 7 

Y 119+39  15%+* 12%4* 18ž4* 
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"Thus, verapamil decreased MAP, PRP, and MVO2 while CSF 
tended to rise due to dilatation of beth resistance and 
conductance coronary vessels, The results are consistent 


with the drug's observed salutary effects on myocardial 
<= ischemia in man. 


Arnold M. Weissler, MD, FACC 
Chairman, Program Committee 
29th Annual Scientific Session 


Richard P. Lewis, MD FACC 
Co-Chairman, Program Committee 
29th Annual Scientific Session 


ANTI-ANGINAL ACTION OF VERAPAMIL - A CONTROLLED 
STUDY 


V. Balasubramanian, MD, FACC; A. Lahiri, MBBS; ` 
P. Sivam, MD; E.B., Raftery, MD, BSC, FACC, FRCP 
Northwick Park Hospital & Glinical Reséarch 
Centre, Harrow, England. 


The anti-anginal efficacy of verapamil hydro- 
chloride, a calcium channel blocker, in a dose 
of 120 mgs t,i.d. was investigated utilising. u 
combination of conventional ‘trinitrin consump-. 
tion estimations and serial quantitated tread- 
mill exercise tests. The trial. design was 
double-blind cross-over and treadmill tests 

were performed at 2 weekly intervals. The 
exercise electrocardiogram was analysed by an 
on-line digital computer and a number of 
objective parameters were obtained. Out of 28 
patients who developed angina during treadmill 
exercise while on placebo, 16- became angina : 
free at 2 weeks and 19 on 4 weeks of treatment. 
There was.a statistically significant reduction 
of anginal attacks and trinitrin consumption. 
The objective parameters such as exercise time, © 
ST segment changes, ST segment indices corrected 
to exercise, time taken to develop 1 mm and 2 
mm ST depression showed significant improvement. 
The side effects noted included constipation in 
7 and reversible PR interval prolongation in 2. 
No congestive cardiac failure was noted, It 
appears that verapamil is a powerful anti- 
anginal agent free from significant side 

effects and is a suitable alternative to beta 
blockers in chronic stable angina. 


ABSTRACTS 


EFFICACY OF NIFEDIPINE IN THE INTERMEDIATE SYNDROME 
REFRACTORY TO PROPRANOLOL AND NITRATE. THERAPY 
< Jeffrey Moses, MD; Michael S. Feldman, MD, FACC; Richard 
oH. Helfant, MD, FACC, Presbyterian-University of 
Pennsylvania Medical Center, Philadelphia, Pennsylvania. 


The intermediate syndrome (recurrent angina at rest with 
ST segment and/or T wave changes without serum. enzyme 
elevations) is often refractory to conventional medical 
therapy. The utility of nifedipine was evaluated in 13 
patients with obstructive coronary disease (3 with 3 
= vessel disease (VD), 5 with 2 VD, 4 with 1 VD and 1 with 
i a@eute inferior myocardial infarction) and the intermedi- 
ate syndrome. Seven had continued rest pain 3 days to 
6 weeks after an acute myocardial infarction. One had 
variant angina. All were refractory to propranolol 
(80-320 mg/day) oral nitrates (isosorbide 240-320 mg/day) 
‘and nitroglycerin ointment (4-12 inches/day) to tolerance. 
The addition of nifedipine in oral doses of 30-120 mg 
daily abolished rest pain in 11 patients. Two patients 
-considered non-responsive (1 - 2VD, 1 - 3vD) underwent 
bypass surgery. After initial titration with nifedipine, 
5 patients were NYHA class I, 7 class II and 1 class IV. 
< After 3 weeks to 6 months followup, 8 patients remained 
con nifedipine. . One patient with 3 VD had recurrent rest 
pain at $ weeks and had bypass surgery. One patient 
=c stopped nifedipine due to diarrhea and 1 was lost to 
followup. Of those who continued nifedipine 5 remained 
-ONYHA class I and 3 class II. Three of 4 patients who had 
“reduced the dose of nifedipine had recurrent rest pain. 
Side effects were: 1 patient with congestive failure, 1 
with diarrhea and 1 with ankle edema. Thus, nifedipine 
~ is a potentially useful drug in patients with the inter- 
_ mediate syndrome and may help defer or avoid the need 
¿for coronary bypass surgery. 


REFRACTORY. ERGONOVINE INDUCED CORONARY VASOSPASM: 
< IMPORTANCE OF INTRACORONARY NITROGLYCERIN 
Alfred Buxton, MD; Sheldon Goldberg, MD; John W. 
=o Hirshfeld, MD; John Wilson, MD; Tift Mann, MD; David O. 
~Williams, MD; Philip Oliva, MD, FACC; John A. Kastor, 
MD, FACC, Hospital of the University of Pennsylvania, 
Philadelphia, PA 


Recent experience has suggested that the ergonovine 
“Maleate test is a safe procedure for the diagnosis of 
variant angina pectoris, since ergonovine-~induced cor- 
onary vasospasm has generally been reversible by sub- 
lingual nitroglycerin. We report 4 cases of ergonovine~ 
induced coronary vasospasm which were refractory to sub- 
lingual aitroglycerin and resulted in cardiac arrest. 
In one patient the vasospasm was responsive only to 
intracorenary nitroglycerin administration. Three pa- 
tients died as a result of intractable coronary vaso- 
spasm. The one survivor differed from the nonsurvivors 
in the total dose of ergonovine (0.lmg versus 0.15, 0.3, 
and.0.3mg respectively), and in the method of adminis- 
tration of ergonovine. The survivor was given serial 
doses of 0.03 each whereas the three nonsurvivors re- 
ceived either larger initial doses {(0.lmg followed by 
0.0/mg) ar progressive incremental doses (0.05mg, 0.img, 
and 0. 15mg serially). -Sublingual nitroglycerin, given 
te all 4 patients and intravenous nitroglycerin, given 
to.3 of che 4 were ineffective in reversing vasospasm, 
oo Multiple doses of intracoronary nitroglycerin reversed 
coronary vasospasm in the survivor. Thus, the ergo- 
novine maleate test is not benign and may cause severe 
coronary vasospasm that is unresponsive to sublingual 
and intravenous nitroglycerin, but may be reversed by 
intracorenary nitroglycerin. 
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FIXED VS. NON~FIXED CORONARY STENOSIS: THE RESPONSE TO 
A FALL IN CORONARY PRESSURE. Jeffrey S Schwartz, MD, 
Peter Carlyle, BS, Jay N Cohn MD, FACC; University of 
Minnesota, Minneapolis, Minnesota. 

The resistance of a coronary stenosis capable of 
passive vasomotion may change in response to alterations 
in transmural pressure. We studied the effects of a fall 
in perfusion. pressure on the hemodynamics of 3 types of 
coronary stenosis in 17 open chest dogs: 1) a noncircum- 
ferential stenosis (NCS) produced by placing sutures into 
either side of the artery and invagineting part ef the 
arterial wall by tying the sutures, 2) a stenosis pro~ 
duced by placing a soft wire snare (WS) around the 
artery, and 3) a fixed circumferential stenosis (CS) pro- 
duced by introducing and tying a short section of hollow 
plastic tubing into the coronary artery. Aortic pressure, 
coronary pressure proximal and distal to the stenosis and 
coronary flow were measured. Pressure in the stenotic 
artery was lowered by tightening a snare placed very 
proximally on the artery. In arteries with a NCS, 
lowering proximal coronary artery pressure (PCP) by 52+5 
mmHg caused a rise in stenosis resistence from 0.43+0.05 
to 1.10+0.25 units (p<0.02). In arteries with a WS, 
lowering PCP by 32+1 mmHg also caused a rise in stenosis 
resistance from 0.86+0.06 to 1.40+0.15 units (p<G.001). 
However, in arteries with a CS lowering PCP by 314+2 mmHg 
caused a fall in stenosis resistance from 0.36+0.04 to 
6.2140.03 units (p<0.001). The increase in resistance of 
the NCS as pressure was lowered may be attributed to 
passive narrowing of the stenotic segment. The WS showed 
the same response thus suggesting that it alse is not a 
fixed stenosis. However, the CS did not show an increase 
in resistance as pressure fell because the tubing was not 
capable of passive narrowing. Therefore, the hemodynamics 
of a coronary stenosis depend importantly on the type of 
stenosis that is present and whether it is capable of 
vasomotion. 


FREQUENCY OF PROVOCATED CORONARY ARTERY SPASM IN 
273 PATIENTS WITH CHEST PAIN 

Michel E. Bertrand,MD,FACC;Jean M.Lablanche,MD; 
Pierre Y.Tilmant,MD:University Hospital,Division 
of Cardiology,Hopital Cardiclogique,Liile,France 
Provocative test with methergine was systematica- 
lly performed ina group of 273 patients({pts) 
referred by coronary arteriography for evaluation 
ofchest pain.The provocative test was performed 
after the routine procedure using a protccol with 
a single IV bolus injection of €.4 mg of metherg 
ine.Aortic pressure,ECG.and corcenary arteriogram 
were repeated 1,3 and 5 minutes later.The pts 
were divided into 4 groups:Group 1(n=94) :Atypical 
chest pain.Group 2{n=39):Typical angina pain 
during exercise 5{15 pts had previous myocardial 
infarction)Group 3(n=98):Typical angina pain at 
rest.Group 3(n=42)}:Both angina at rest and during 
exercise.32 pts in group 3 and 5 in group 4 had 
ST segment elevation during the attacks. 





n Spasm No spasm 
Group 1 94 ie) 94 
Group 2 39 1 38 
Group 3 98 45 53 
Group 4 42 7 35 
Total 273 53 220 


Coronary spasm {CS} was cbserved in 19.4% of pts. 
Spasm was seldom observed in pts with atypical 
chest pain or angina on exertion.In contrast 
spasm is frequentiy induced in pts with angina at 
rest (group 2+3):52/140=37%.35 of 37 pts with ST 
segment elevation had coronary spasm.In conclus- 
ion:It appears that chest pain is related to 
spasm in approximatively 20% of pts and most often 
in pts with spontaneous angina at rest:In this 
way these pts represent the best indication for 
the provocative test. 
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MONDAY, MARCH 10, 1980 
AM 

EXERCISE PERFORMANCE 
10:30-12:00 


“AGE RELATED CHANGES IN THE LEFT VENTRICULAR EJECTION 
-oPRACTION RESPONSE TO EXERCISE 

| Steyen Fort MD, Kevin Bowyer BS, Frederick R. Cobb MD 
and Robert H. Jones MD, FACC. Duke University Medical 


-= Center, Durham NC 


This study examined the effects of increasing age on 

the left ventricular ejection fraction (EF) at rest 

and during upright bicycle- exercise in 63 healthy vol- 
unteers ranging in age from 21-95. All subjects were 
screened for the absence of historical or physical evi- 
dence of any cardiac disorder, hypertension, diabetes, 
pulmonary or active systemic illness. Twelve-lead ECGs 
were normal at rest in all subjects. First-pass radio- 
nuclide angiocardiography was used to measure EF at rest 
(REF) and during exercise (ExEF) and to detect exercise- 
induced wail motion abnormalities (ExWMA). All subjects 
exercised to at least 85% predicted maximum heart rate. 
Exercise ECGs were normal in 62/63 subjects. 


Age REF(Z) ExEF (%) SEFS54  ExWMA 
241-30 (n=14) 64.0 0 


+t 6.8 78.6 2 6.7 Q 

co3l-80 (m=11) 62.9 t 6.9 80.6 + 6.2 0 0 

41-50 (m= 8) 62.8 £ 6.8 76.0 + 7.0 0 Q 
S1s60-(n= 8) 65.7 + 8.8 76.4 % 13.4 2/3 1/8 
61-70 (we 9) 65.4 410.4 66.6 t 11.3 5/9 3/9 
71695 (m=13) 64.5 t 8.6 56.7 t 8.9 12/13 7/13 


REF did not. change with age. ExEF was significantly 
“ewer in the 7th decade (p<0.01) and in the 8th-l0th 
decades (p0.0097) compared to the younger subjects. 
After age 50. there was a progressive increase in the 
frequency of a subnormal EF response so that by the 
8th-l0th decades 92% of the subjects had a AEF<5% 
(ps0.001). The frequency of this subnormal response 
exceeds the reported prevalence of obstructive coro- 
nary artery disease and suggests an independent effect 
of aging on left ventricular function. 


SPONTANEOUS IMPROVEMENT IN AEROBIC CAPACITY BETWEEN 3 AND 
11 WEEKS AFTER MYOCARDIAL INFARCTION 

William M. Savin, MA; Robert F. DeBusk, MD, FACC; Nancy 
Houston, RN; William L. Haskell, PhD, FACC, Stanford 
University, Stanford, CA. 


To assess the response to exercise soon after unconplicat- 
ed myocardial infarction (MI), 4@ men (mean age 54) com- 
pleted symptom limited, graded treadmill exercise tests at 
3 and 11 wks post-MI. 6, consumption (von), ventilation 
{Va}, respiratory exchange ratio (RER), héart rate, sys- 
tolis blood pressure (SBF), and oxygen pulse (VO,/heart 
tate) were measured during submaximal exercise É! miles/h 
and 2.5% grade) and at pesk exercise. Patients received 
no. formal exercise conditioning 3-11 wks post-MI. RESULTS: 


Submaximal Peak 
Exercise Exercise 

3 wks 11 wks 3 wks Ll wks 
Heart. Rate 11h 106 *# 137 150 * 
SBP 160 157 172 185 * 
VOo 15.5 146 T 21.0 26.4 * 
Vg 36.1 Biel A 55.2 72.8 * 
RER 9.91 c.8h * 1.02 1.05 


#p<0.001, Tp<0.02. VOo in ml/kg/min, Vg in L/min. 

Peak VOo, Ve, RER, SBP, heart rate, and Op pulse were un- 
related to site of MI. Op pulse was unchanged at submax- 
imal exercise and increased (.15 to .17, p<O.001) at peak 
exercise from 3 to ll wks. CONCLUSIONS: 1) Aerobic cap- 
acity improves spontaneously between 3 and 11 wks post un- 
complicated MI. This results from a) an increased card- 
jorespiratory efficiency (decreased heart rate, Ve, and 
RER during submaximal work and increased peak O2 pulse) 
and t] the ability to exercise to a higher heart rate. 

<2. This spontaneous improvement must be taken into account 

< When assessing the efficacy of any treatment regimens 
instituted during early convalescence from MI. 


ABSTRACTS 


CHARACTERISTICS OF EXERCISE PERFORMANCE IN MEN WITH 
PREVIOUS MYOCARDIAL INFARCTION: (NON) INFLUENCE OF 
INFARCT LOCATION. 

Alan G. Wasserman, M.D., Patrick A. Gorman, M.D. 

Roy Leiboff, M.D., Allan M. Ross, M.D., FACC, Jorge C. 
Rios, M.D., for the National Exercise and Heart Disease 
Project staff, George Washington University Medical 
Center, Washington, D.C. 

Exercise treadmill testing (ETT) is frequently performed 
in post myocardial infarction (MI) patients but there are 
few recognized norms for this group. We established base- 
line performance profiles in a large post MI population as 
part of the National Exercise and Heart Disease Project. 
ETT prior to randomization was performed in 651 men, ages 
30-64 yrs (m=52), 3-36 mos (m=9.6) post MI. Since MI 
location is thought to affect function and prognosis, 
patients were also stratified by qualifying ECG Q wave 
location: Anterior 113 (17%), Extensive Anterior 41 (6%), 
Infero-Posterior 291 (45%), Infero~Lateral 84 (13%), 
Lateral 38 (6%), Subendocardial 58 (9%), and Multiple 
sites 26. (4%). 

Exercise tolerance for the entire group represents an 
approximate 20% reduction compared to non-MI populations. 
Endpoints were: METs 7,640.1 (mean + SE), heart rate 
14341.0/min, peak diastolic BP 87.9+0.4mm Hg, peak systo~ 
lic BP 166,8t1.1mm Hg, and double product’ 24.12+0.24 X 
103mm Hg/sec. The values were similar for each location 
subgroup. The Extensive Anterior and Infero-Lateral 
patients had less percent rise in systolic BP (29.923,1% 
and 31.242.0%) vs 35.64£0.8% for all other locations 
(p<0.05). 

CONCLUSION: The location and extent of a previous MI as 
evaluated by the resting ECG does not significantly in- 
fluence subsequent exercise tolerance. 


THE TRAINING EFFECT: DO ATHLETES HAVE IMPROVED LEFT 
VENTRICULAR PERFORMANCE DURING EXERCISE? 

Ben-Zion Bar-Shlomo, M.D., John E. Morch, M.D., David 
eigiin, M.D., Peter R. McLaughlin, M.D.,F.A.C.C. 

Toronto General Hospital, Toronto, Ontario 


In order to assess the central effect of training on 
ventricular: performance, we compared left ventricular 
function during exercise in 9 endurance trained athletes 
(A, mean age 19) and 11 sédentary controls (C, mean age 
28). Gated radionuclide angiograms were obtained at rest 
and serially during graded supine bicycle exercise 
performed: for 3 minute intervals with increments of 300 
KPM to exhaustion. Heart rate (HR), systolic pressure 
(SP), ejection fraction (EF), and relative change in end= 
diastolic (EDV) and end-systolic volumes (ESV) from rest 
to each level of exercise were assessed. Peak workload 
was much greater in A (mean 22.1 KPM/Kg.) than C (13.7 
KPM/Kq. p 001). Mean results at peak exercise are 


presented. 
HR SP(mm.Hq.) EF % of Rest at Ex 
Rest Ex Rest Ex Rest Ex EDV ESV 
Ç 68 159 123 205 67 78 139 98 
pé.001 pé.001 pé.001 =p 4.05 p=ns 
A 68 175 113 195 65 80 103 62 
p<. 001 p<.001 p¢.001 p= ns pé.01 
CvsA p=ns p =ns p=ns pe.05 p =ns 


We conclude 1)trained and untrained healthy subjects have 
similar increases in EF during exercise although the peak 
workload is much greater in A. 2)athletes maintain the 
same EDV but decrease ESV during exercise whereas untrair 
ed subjects increase EDV to achieve the same increase in 
EF. The ability of athletes to exercise without increas- 
ing pre-load may be an effect of training on the heart, 
and has important implications in reducing myocardial 
oxygen demand during exercise. 
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-EFFECT-OF. CORONARY COLLATERALS ON EXERCISE PERFORMANCE. 
Julian L, Bermaŭ, MD; David A. Levin, MD; Peter F. Cohn, 
MD, FACI, Peter Bent Brigham Hospital, Boston, MA 
To evaluate the effect of well-developed collateral 
circulation. (WDCC) on response to maximal exercise, 142 
patients {pts} with angiographically proven coronary ar- 
“tery disease (CAD) who underwent maximal treadmill exer- 
= e€lse-were studied. WICC was considered present when the 
~idistalssegment of an obstructed vessel] was well opacified 
“via collateral channels and had an average distal lumen 
diameter > 1.0 mm. We compared exercise duration (ED), 
peak systolic blood pressure-heart rate product (HRXBP), 
ST depth and duration, increase in R wave sum, and occur- 
rence cf chest pain in 2 groups of pts. Group | consisted 
of 4&8 pts with | vessel CAD with (17) and without (31) 
collaterals; Group 2- consisted of 103 pts with 2 or 3 ves- 
-sel CAB with complete (9) and partial (71) collateraliza- 
“tion, as well as 23 pts without collaterals. No signifi- 
tant differences were obtained in any of the variables 
tested except for significantly lower HRXBP (19.440.7 vs. 
23.3414, meantSEM)(p<.05) and ED (5.940.3 vs. 7.6+#0.7, 
“ps.05) in Group 2 pts with partial collateral formation. 
vo The smell number of Group 2 pts totally collateralized did 
not differ significantly in these variables from either 
Group T pts or Group 2 pts without collaterals. We con- 
-clude |} collaterals do not appear to decrease manifesta- 
tions ef exercise induced ischemia, nor do they improve 
maximal exercise tolerance or myocardial oxygen uptake; 
2) pts with multivessel CAD and partial collateralization 
appear-to have more limitation in exercise tolerance and 
myocardial oxygen uptake than pts with multivessel CAD 
oo who have not formed collaterals, possibly because the 
latter pts have less severe degrees of ischemia. 


PHYSICAL CONDITIONING IN PATIENTS WITH SEVERELY DEPRESSED 
LEFT VENTRICULAR FUNCTION. Eric H, Conn, MD, R. Sanders 
Williams, MD; Andrew G. Wallace, MD; Duke University 
Medical Center, Durham, North Carolina. 
The purpose of this study was to determine if patients 
with severely depressed left ventricular function could 
; demonstrate. physical conditioning (PC). Ten patients were 
identified with documented prior myocardial infarction and 
a resting left ventricular ejection fraction of < 27% 
(range 13-26% mean 20%) assessed by radionuclide angio- 
graphy. Subjects exercised (walk/jog/ergometry) to main- 
tain exercise heart rates at 70-80% of their symptom 
limited maximum rate 3 te 5 times weekly for periods 
ranging from 4-21 months, mean 11 months. Performance was 
evaluated by. treadmill testing using a modified Balke 
protecol, Heart rate at 50% of the initial maximal work- 
load was used to assess (PC), and decreased from a mean of 
135 Ê 13 to 114 £ 7 beats/min with training (p <.001). 
Maximal treadmill time was used to assess functional 
capacity and increased from 7.75 min to 10.55 min, p = 
705, There were no cardiovascular complications during 
the exercise sessions. Mortality in this group was 2/10 
< (beth mon-exercise related) which compared with a one year 
mortality of 35%:in a group ef 95 patients with coronary 
artery disease matched for age and ventricular function. 
We conclude that (1) a low ejection fraction per se 
does not identify a group which is physically incapci- 
tated, (2) these ‘patientscan undergo supervised exer- 
cise without clinical deterioration, (3) despite exten- 
“give cardiac impairment a definite training effect can be 
demonstrated and functional capacity improved. Though 
preliminary, these data indicate that selected patients 
with 2 low ejection fraction can participate safely and 


<i benefit from a supervised conditioning program, 
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INFLUENCE OF ASYNCHRONOUS EARLY DIASTƏLIC LEFT 
VENTRICULAR RELAXATION ON DIASTOLIC FUNCTION 

Philip A. Ludbrook, M.D., F.A.C.C., Joseph D. Byrne, CPT, 
Washington University, St. Louis, Mo. 

Asynchronous early diastolic segmental left ventricular 
{LV) relaxation (ASR) is observed commonly in patients 
(pts) with, and without coronary disease. To define the 
relationship between ASR and altered diastolic IW function 
we examined early diastolic wall motion in 21 pts during 
catheterization, also measuring LV pressure (P) by micro- 
manometer, and simultaneous volume (V) by angiography. Dia- 
stolic relaxation was assessed by T, reflecting the rate 
of isovolumic LV relaxation independent of loading condi- 
tions. Normal synchronous diastolic wall motion was pre- 
sent in 11 pts (group I) all of whom also had normally 
synergic systolic contraction; ASR was seen in 10 pts 
(group II), 6 of whom had systolic asynergy. Ejection 
fraction (EF) was subnormal ( 50%) in the 6 group II pts 
with systolic asynergy, but was normal in the other 4 
group II pts with normal contraction. EF was normal in all 
group I pts. Aortic; LV systolic; minimal and end dia- 
stolic pressures; peak + dP/dt; peak LV systolic pressure 
to end-systolic volume ratio; mean Vef; and mean systolic 
ejection rate were similar in both groups. LV chamber 
stiffness rate constant of exponential LV P-V relation, 
volume normalized chamber stiffness, operational chamber 
stiffness at end diastole, and the slope of the LV log P- 
log V relation at end diastole, were also similar in each 
group. Conversely, T was prolonged fin group II (55 + 2.3 
msec) compared to values in group I (46 + 3.6), and peak- 
dP/dt was lower in group I (1310 + 57 mm | Hg/sec) than 
group II (1544 + 93) (p .05 for both}. Thus, ASR is unre- 
lated to systolic asynergy or contractility, LV pre- and/ 
or afterload, or diastolic chamber stiffness, but is asso- 
ciated with prolongation of T, and reduction of peak - 
dP/dt, suggesting global impairment of LV relaxation. 





INFLUENCE OF ABRUPT PRESSURE INCREMENTS ON LEFT 
VENTRICULAR RELAXATION. 

Marc A. Goethals, MD, Ivo E. Karsschot, MD, Victor A. 
Claes, Carlo F. Hermans, Antony H. Jageneau and Dirk L. 
Brutsaert, MD. Department of Physiology, University of 
Antwerp, Antwerp, Belgium. 


In view of the marked load-sensitivity of relaxation in mam- 
malian heart muscle, load-sensitivity of left ventricular relax- 
ction was investigated in the anesthetized open chested dog 
(n=5). Resistance to ejection was suddenly augmented ot various 
instants during the ejection phase by inflating a balloon occlud- 
er, placed around the ascending aorta and controlled by an 
electromagnetic valve system, allowing for step increases in 
pressure within 10 ms. Relaxation of the left ventricle was 
characterized by the onset of isovolumic relaxation and by 
the time constant of isovolumic. pressure decline (T ). The 
onset of isovolumic relaxation was derived from the interval 
between the onset of the QRS complex and the aortic incisura 
(QRS-INC). When the time of the occlusion was progressively 
delayed after the onset of ejection, QRS~INC shortened from 

a control value of 278 + 15 ms {without occlusion} to a minimum 
value of 256 + 15 ms (p < 0.001) with occlusions imposed at 
60.5 + 2.8% of the ejection time, whereas T progressively in- 
creased from a control value of 33.5 + 2.9 ms (without occlu- 
sion) to a peak value of 43.6 + 3.3 ms (p < 0.003) with occlu- 
sions imposed at 54.7 + 4.3 % of the ejection time. Pressure 
increments in the second half of the ejection phase thus elicited 
an early onset of isovolumic relaxation and concomitently a 
slower pressure decline. These data imply that left ventricular 
relaxation, as evaluated from QRS-INC and T is significantly 
influenced by acute alterations in the impedance loading con- 
ditions. 
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DISTRIBUTION OF PRESSURE ACROSS THE LEFT VENTRICULAR WALL 
IN THE BEATING AND ARRESTED HEART: EVIDENCE OF EPICARDIAL 
MUSCLE TONE DURING DIASTOLE 

Paul D. Stein, MD, FACC; Hani N. Sabbah, BS, Mario 
Marzilli, MD, Henry Ford Hospital, Detroit, Michigan 





‘Computations of compliance of the left ventricle (LV) 
os assume passive tissue characteristics. To evaluate this 
/ assumption, LV intramyocardial pressure was measured 
“Simultaneously in the subepicardium and subendocardium 
during diastole in 9 open chest dogs using 1 mm diameter 
micromanometers. Subepicardial pressure, 28 + 2 mm Hg, 
exceeded subendocardial pressure, 15 + 2 mm Hg, 
ÇF <..001) and it exceeded LV end-diastolic pressure 
{10-4 .4 mm Hg) (P < .001). Following an infusion of 
dextran-40, subepicardial pressure increased to 
42 £ 4 mm Hg which was higher than beth subendocardial 
pressure, 27 £ 3 mm Hg (P<.001) and LV end-diastolic 
pressure (25 + 2 mm Hg) (P < .001}. Following death of 
the animal, with the intramyocardial probes unchanged in 
position, LV pressure 10 t 1 mm Hg, and subendocardial 
pressure, 13 t 3 mm Hg, did not differ significantly from 
pressure in life. However, subepicardial pressure, 
10 + 1 mm Hg, was lower than in Life (P < .001). 
Following distension of the arrested heart with 
dextran~40 introduced through a LV cannula, subepicardial 
pressure, 22 + 3 mm Hg, was lower than subendocardial 
pressure, 41 < å mm Hg, (P-.<.001) and LV pressure, 
1 2.5mm Hg (P < .00L). These. observations indicate that 
One Us maintained in the subepicardium during diastole, 
and the LY wall does not behave as a passive homogenous 
shell during ventricular filling. Therefore, methods of 
evaluation of the diastolic: properties of the LV that 
agsume passive elastic mechanical properties of the walls 
fail fo account for diastolic subepicardial muscle 
=o tension: 
















PRESERVATION OF MYOCARDIAL COMPLIANCE DURING ISCHEMIC 
ARREST. BY APPLIED INTERMITTENT VENTRICULAR STRETCH. 
Lance Briggs, BA, J. David Ogilby, MD, and Carl S. 
Apstein, MD, FACC. Cardiac Muscle Research Laboratory, 
Boston University School of Medicine, Boston, Mass. 
During ischemic arrest (IA) "rigor" bonds may form which 
< deerease diastolic compliance (DC) and, if marked, cause 
contracture and the “stone heart". We hypothesized that 
|= o yigor bonds could be lysed by a stretch (S) applied to the 
myocardium. Isolated, balloon-in-LV rabbit hearts under- 
went 90 min of IA at either 35° or 25°C and 60 min of re- 
“cavery: (R) at 35°C. Contracture pressure (CP) = increase 
in LV diastolic pressure at constant balloon vol. and re- 
flected decreased LV DC. In the no~S groups, the LV bal- 
loon remained empty during IA. In the $ groups, the LV 
balloon was intermittently filled and emptied (either q 5 
or q, 30 min) by syringe with-a vel. (S vel.) which in- 
creased the arrested intra-LV pressure to the pre-arrest 
systolic pressure. After 90 min of IA, at 35°C, the no-S 
group (n=10) had 110 = + 4 mm Hg CP; the q 5 min S group 
(n=10} had CP = 0 tl om HgP 0.001). During the 5 min 
inter-§ intervals a CP of 20 mm Hg occurred and was com- 
pletely lysed by a single 5. After 60 min of R,CP remained 
lower in the S group (20 Í 4 vs 42 + 7 mm Hg, P<0.001); 
recovery. of developed (systolic-diastolic) pressure (DP) 
was 38 È 3 vs 27 È 7% of pre-I DP for the 5 vs no-S groups 
(P=0,05 ~ 0.1). After 90 min of hypothermic IA at 25°C, 
the q 30 min S group (n=10) had CP = 15 + 3 mm Hg vs 91 7 a 
I8 mm Hg for the no-S group (m=10), P<0.001. After 60 min 
Ry how wever, DC was notsignificantly preserved: CP=33 I +7 
‘ve-43-2°9 mm Hg for S vs no~S (P= N.S.) and DP was the 
“game in both groups. Thus a q 5 min S during IA at 35°C 
opreserved DC during IA and R without impairing recovery of 
contractility. A q 30 min S, despite hypothermia, was less 
“protective of DC during IA, and did not preserve DC during 
-Subsequent R. 
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EFFECT OF NITROPRUSSIDE ON END-~DIASTOLIC 
PRESSURE-DIAMETER RELATIONS OF THE HUMAN 
LEFT VENTRICLE AFTER PERICARDIOTOMY 


C.Y¥.H. Wong, M.D. and H.M. Spotnita, M.D., F.A.C.C. 
Columbia University, New York, N.Y. 


Several investigators have suggested that sodium 
nitroprusside (NP) may increase diastolic compliance 
of the left ventricle (LV), but animal models have 
provided contradictory evidence following pericardio- 
tomy (PERI)... Effects of NP on the human LY after PERI 
have not been reported. 

Accordingly, we studied effects of NP in 7 patients 
during open heart surgery after PERI. Curves relating 

LV end-diastolic pressure (EDP) (micromanometer) to 
echocardiographically determined end-diastolic diameter 
(EDD) were measured during transfusion of volume from 
the reservoir of the heart-lung machine before and 
after NP administration (1-5 meg kg. min). EDP varied 
from 5 to 35. mm Hg. An average relation 
EDP=(.452,18(SE) Je b-10*-24 EDD was obtained for the 7 
patients by exponential curve fitting (r#.824.02, un- 
weighted regressions). NP decreased systolic left 
ventricular pressure (11746 to 99t5mm Hg, p<.002) but 
did not alter the control curve relating EDP to EDD 
(variation in EDD less than #108 at any given EDP). 

In conclusion, EDD-EDP relations of the human LV are 
not altered by NP administration in the absence of the 
restraining influence of the pericardium. This suggests 
no direct effect of NP on diastolic properties of the 
human myocardium. 





Effect of Verapamil on Left Ventricular Relaxation and Filling in 
Hypertrophic. Cardiomyopathy. 
Peter Hanrath, MD; Detlef Mathey, MD; Peter Kremer, MD; Frank 


Sonntag, MD; Waiter Bleifeld, MD, FACC. 

Department of Cardiology, University Hospital ‘Hamburg-Eppendorf, 
W.-Germany. 

Hypertrophic cardiomyopathy {HCM} is often associated with an ab- 
normal prolonged left ventricular isovolumic- relaxation time (IVR). In 
order to examine the effect of Verapamil (V) on left ventricular (LV} 
IVR — measured from A2 to mitral cusp separation — simultaneous 
recordings- of the echo- and phonocardiogram were performed in 11 pa- 
tients. (pts): with HCM with (n = 6) and without (n = 5) outflow ob- 
struction. Combined echo- and phonocardiographic. recordings were 
made before {C} and 10 minutes after intravenous {i.v.) injection of V 
{0.15 mg/kg body weight). From the digitized echo- and phonocardio- 
grams the following LV-dimension and -time calculations were derived: 
time interval: beginning R-wave — aortic component of the 2nd heart 
sound (R—A2); isovolumic. relaxation time (IVR), dimension increase 
during IVR (ADiva ), LV filling period corrected for cycle length 
(LVF %), dimension increase during LVF (AD vr}, peak rate of poste- 
rior wall thinning { ), enddiastolic dimension {DD} and fractio- 


nal shortening of LV dimension (FS). 
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mean value t 1 S.D. ***p<0.0005, **p<0.005, *p<0.01 ee 
Cycle length (869 + 76 / 861 + 81 ms) and systolic. blood pressure = 
(139 + 21 / 135 + 17 mmHg) were not different. between Cand V: 
These results show, that abnormal prolonged IVR in pts. with HCM can 
be shortened by i.v. application of V and may improve LVF. 


February 1980 The American Journal of CARDIOLOGY Volume 45 393 


‘ABSTRACTS 


MONDAY, MARCH 10, 1980 
AM ; 
MYOCARDIAL PROTECTION 
10:30~-12:00 


RELATIONSHIP OF ISCHEMIC CONTRACTURE TO HIGH ENERGY 
PHOSPHATE CONTENT AND MITOCHONDRIAL FUNCTION IN HYPER- 
TROPHIED. MYOCARDIUM 

James D. Sink, MD, William D. Currie, Ph.D., Ronald C. 
Hill, MD, Craig 0, Olsen, MD, Robert N. Jones, MD, 
Andrew 5, Wechsler, MD, Duke and VA Medical Centers, 
Durham, North. Carolina 

~Hypertrophied (H) myocardium appears more susceptible to 
ischemic injury, however, the biochemical response of H 
hearts to ischemia has not been fully elucidated. ATP, 
“and. CP {ymoles/gm dry weight) and mitochondrial function 


“>. (respiratory control index, RCI), were determined in 75 


“normal 4N) and 63 H isolated rat hearts following 15 
minutes of Langendorf perfusion (control), at initiation 
of ischemic contracture, and at completion of contracture. 
Duration of ischemia prior to occurrence of these events 
was noted, H, produced by banding the ascending aorta 


`> was confirmed by left ventricular (mg)/body weight (gm) 


ratio ỌN 1.92 wet, 0.43 dry; H 2.69 wet, 0.59 dry). 
Results are below (*p<0.05 for N vs H): 





RCI ATP CP Ischemia 
éontror® 6.640.4 29.2t1.1 33.922.4 (min) 
2H 8,140.5* 20.341.3* 28,342.4* 
Initia- N  5.340.3 14.321.0 6.320.4 10.140.7 
tion H 7.120,8*% 12,0£0.5* 2.440.1% 6.70.5% 
Comple- N 3,420.2 4.640.7 §.240.5 19.940.7 
tion H  5,740,3* 2.040,.2* 2.440.1% 23.141.0* 


H hearts had accelerated initiation of contracture. Our 
` study suggests that the increased susceptibility of H 
myocardium to contracture may result from the lower ATP 
stores present at onset of ischemia. The imbalance in 
ATP anerobic production and utilization present during 
the first moments of ischemia due to continued 
contractile activity may also be greater in the H heart 
resulting in a more precipitous decline in already 


we decreased energy stores and a more rapid onset of 


contracture. 


THE NO-REFLOW PHENOMENON: NOT A TIME-LIMITING FACTOR FOR 
REPERFUSION FOLLOWING CORONARY OCCLUSION 
John E. Darsee, MD, Robert A. Kloner, MD, PhD. Peter B 
Brigham Hosp/Harvard Med Sch, Boston, MA 
Following release of a coronary occlusion (occ) some tis- 
sue may not reperfuse ("no-reflow" phenomenon). To as- 
eertain whether this is a critical factor determining the 
time Beyond which revascularization can no longer salvage 
ischemic myocardium and to determine whether reperfusion 
damages tissue otherwise not destined to necrosis, 13 
open-chest anesthetized dogs had either 2 hrs left anter- 
ior descending (LAD) occ and 4 hrs reflow (n=7) or 6 hrs 
of oce with reflow only to allow dye injection (<2 minjn= 
6). Prior to sacrifice, left atrial injections of thio- 
flavin-S (1 cc/kg) were made with the LAD unclamped fol- 
„lowed by methylene blue (2 ce/kg) with the LAD reclamped. 
Hearts were sliced into 5 mm transverse sections and areas 
not perfused by thioflavin-S (area of no reflow=A,,), 
and by methylene blue (area~at-risk=A,) were traced on 
“clear plastic sheets, planimetered, and compared to the 
area of necrosis (A,) determined by incubating the slices 
in triphenyl tetrazolium chloride. A; was similar at 2 
hrs (27£3%) and 6 hrs (29£2% of the left ventricle;p=NS). 
However, A,/Ay was significantly smaller in dogs with 2 
hrs of occ plus reflow (.39t.03) than in dogs with 6 hrs 
of occ (Ay/Ap=.964.07, p<.001). The A fA, in 2 hr dogs 
was significnatly smaller than A,/A, (.111+.02 vs .39+.03, 
p<.01)5;A4,,/A, was also smaller than A,/A, in 6 hr dogs 
{.464.05 vs .964.07, p<.01). In all dogs the Any was 
contained geographically within the A, and was subendo- 
cardial. We conclude: 1) the Apy does not determine 
eritical time for salvageability by revascularization 
since Any always occurs within dead myocardium; and 
2) reperfusion does not increase the quantity of ischemic 
tissue which becomes necrotic and in fact salvages sub- 
stantial quantities of subepicardial tissue. 
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EFFECTS OF PULSATILE AND NONPULSATILE REPERFUSION ON THE 
POST-ISCHEMIC MYOCARDIUM 

Frederick H. Levine, MD; Geir J. Grotte, MBBS; John T. 
Fallon, MD, PhD; W. Gerald Austen, MD, FACC; Mortimer J. 
Buckley, MD, FACC, Massachusetts General Hospital, Boston, 
Ma 02114 

Pulsatile perfusion has been reported to improve myo- 
cardial function, metabolism and blocd flow distribution, 
and therefore to be of clinical value in myocardial pro- 
tection. No studies have evaluated the clinically rele- 
vant effect of pulsatile reperfusion after a period of 
aortic cross-clamping. Twenty-two dogs were therefore 
studied during cardiopulmonary bypass with either a 
period of normothermic ischemia (N~1Gdogs-60min} or 
hypothermic potassium cardioplegia (ECP-12 dogs-90min) 
and divided equally into pulsatile (FP) and non-pulsatile 
(NP) groups. After cross-clamp removal either P or NP 
reperfusion was carried out for 45 minutes with a beating 
vented heart. Left ventricular (LV) function was 
analyzed prior to ischemia and again after the reperfusion 
period by analysis of computer drawn Sarnoff curves. 
Microspheres were used to study regional myocardial blood 
flow and coronary venous samples were taken for lactate 
and oxygen utilization. LV biopsies were obtained for 
electron microscopy. Percent recovery of LV function 

in the N groups was P-57% and NP-62%, and in the KCP 
groups was P-92% and NP~89%. Total coronary blood flow 
and subendocardial perfusion were similar in both pul- 
satile and non~pulsatile groups. Lactate utilization 

and oxygen consumption were also unchanged with pulsatile 
perfusion. Electron microscopy demonstrated significant 
myocytic and capillary endothelial damage in the N groups 
but there was no alteration with pulsation. Pulsatile 
reperfusion offers no advantage over non~pulsatile re- 
perfusion in the post~ischemic vented beating heart. 





COMPARATIVE HEMODYNAMIC EFFECTS OF NITROGLYCERIN AND 
NITROPRUSSIDE DURING RECOVERY 

Michael Todd, M.D., Phillip Morris, M.D., Daniel Philbin, 
M.D., FACC. Massachusetts General Sospital, Boston, Mass 
02114 


Both nitroglycerin (NG) and nitroprusside (NP) have been 
used extensively intraoperatively to control or reduce 
blood pressure with similar hemodynamic changes reported. 
This study was undertaken to determine the changes follow 
ing discontinuation of these drugs. Ten degs anesthetized 
with halothane were studied. Five each received either NG 
or NP to reduce BP to 70% of control for 36 min. During 
recovery measurements were made at 5,15,30 and 60 min of 
‘BE ,Cvp,PA,PCW,heart rate and CO. There was no significant 
change in HR in either group. Neither group had returned 
to control BP at 60 min but the NP group was higher (84+ 
4 vs 7244: mmHg). In the NG group PA (12.640.3 to 12.140.6 
mmHg) PCW(5.540.7 to 4.564025 mmHg} and CVP(2.810.4 to 
2.740.6mmHg) were close to control at 5 min. In contrast, 
in the NP group the PA rebounded above contrel values 
(13.141.6 to 14.7421.8-(5min) to 15.921.9 mmHg (15min) and 
remained elevated at 60 min (16.941.5 p<0.05). The CVP 
followed a similar pattern (2.2921 to 3.1540.1 mmHg at 

5 min ~ p<0.05). These data demonstrate that while the 
hypotension produced by NG and NP have similar hemodynam- 
ic effects, NG action is more prolonged. Discontinuation 
of NP is associated with a more rapid rise in BP and an 
apparent rebound effect on the PA rising above control. 
This suggests reflex pulmonary vasoconstriction following 
abrupt cessation of NP which may be clinically signifi- 
cant in patients with pre-existing pulmonary hypertension 
or pre-existing right ventricular dysfunction. 
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EFFECTS OF INTRA-AORTIC BALLOON PUMPING ON REGIONAL AND 
TOTAL CORONARY FLOW IN PATIENTS WITH CORONARY DISEASE. 
James L. Whittle, MD; Robert L. Feldman, MD; Carl J. 
Pepine, MD, FACC; Wilmer W. Nichols, Ph.D., FACC; John 
Selby, MD, FACC; Thomas Kelly, MD; C. Richard Conti, MD, 
FACC; University of Florida, Gainesville, Florida. 





“Ye-elarify coronary hemodynamic effects due to intra-aor- 
`= stie balloon pumping (IABP) we studied total and regional 
= Coronary hemodynamic responses in 12 pts with coronary 
-artery(CA) disease. Measurements were made during and 5 
= min after IABP was turned off. The left ventricle(LV) was 
divided into anterior (supplied by the anterior descend- 
ing) and inferior (supplied by the circumflex and/or right 
CA regions). These LV regions were considered ischemic 
(isch) when ST segment shifts were observed in either 
anterior or inferior ECG leads during angina. All indenti- 
fied isch regions were supplied by CA's with >90% dia- 
meter narrowing. Total anterior and inferior flow(F) and 
oxygen delivery(¥0,) were measured by coronary sinus(CS) 
and great cardiac Vein(GCV) sampling using continuous 
regional thermodilution. 
RESULTS: Heart rate and mean aortic pressure were similar 
during and off IABP. CSF was higher during IABP compared 
to off (157421 to 142420 ml/min, p<0.05). Isch region F 
was higher during IABP than off IABP (6148 to 50+7 ml/min, 
sopt: 05) while non-isch region F was unchanged (96+18 to 
(92418 ml/min, p=NS). Total LV@O, was similar during and 
ff IABP (12.8+0.9 to 12.4+1.9 ml/min, p=NS). However, 
isch region 0, was greater during IABP compared to off 
ABP (5,140.7 to 3.64+0.6 ml/min, p*0.01). Non-isch region 
0., was similar during and off IABP (7.7+1.2 to 8.8+1.1 
ml min, peENS).. 
_ CONCLUSIONS: In selected pts with coronary disease, IABP 
-increases blood flow to isch LV regions. This beneficial 
‘effect has the potential to increase regional oxygen 
delivery. 


























PERCUTANEOUS INTRA-AORTIC BALLOON PUMPING 

David Bregman, M.D., FACC; Melvin B, Weiss, M.D., FACC; 
Wiliam J. Casarella, M.D., Columbia University, New York, 
New York 


A 40cc percutaneous intra-aortic balloon (PIAB) has been 
developed which obviates the need for the usual surgical 
_ procedure to insert an intra-aortic balloon pump. The 
‘balloon can be tightly wrapped sround a central wire with- 
Lin the balloon membrane so that it can be inserted by the 
standard Seldinger technique through a 12 French angio- 
graphic sheath. Insertion and removal are rapid and the 
resultant hemodynamics are similar to standard intra-sor- 
tic balloon pumping. 
The PIAB has been employed in 9 patients (7 males, 2 fe- 
males) at the Columbia Presbyterian Medical Center without 
complication. The avérage time for belloon insertion was 
between 3 and 4 minutes, 
The clinical series includes 2 patients with crescendc an- 
gina refractory to medical therapy and 2 patients with 
postinfarction angina. These 4 patients underwent suc- 
cessful surgery, and all 4 patients survived and were dis- 
charged. PIAB was utilized to support an additional pa- 
tient while undergoing treatment for septic shock. One 
patient underwent intraoperative PIAB for weaning from 
cardiopulmonary bypass who expired in the operating room. 
Three patients were treated in the recovery room for low 
cardiac output syndrome after open heart surgery and 2 of 
hese- 3 patients survived. 
pidan the T survivors the balloon was removed at the bedside 
owlth 30 minutes of external pressure on the femoral ar- 
tery. No complications ensued and all patients had good 
distal pulses. 
Percutaneous intra-aortic balloon pumping appears to be a 
- practical alternative to standard intra-aortic balloon 
< pumping in patients who require either pre~, intra-, or 
“postoperative counterpulsation. 
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THE HEART IN POLYARTERITIS NODOSA: A CLINICO- 
PATHOLOGIC STUDY OF 36 PATIENTS 

Margaret L. Schrader; Bernadine H. Bulkley, MD, FACC. The 
Johns Hopkins Medical institutions, Baltimore, Maryland. 


Although polyarteritis nodosa (PAN) is known to affect the 
heart, there is little recent information on its cardiac pathology 
in the light of current therapies. We studied 36. autopsied 
patients with PAN that came to autopsy at this institution since 
1935. Excluded were those with acute rheumatic fever, other 
collagen vascular diseases or arteritis of large vessels. Included 
were cases with healed or active lesions of small or medium sized 
vessels in at least two organs other than heart. The patients 
ranged in age from 11 months to 76 years, and 46% were women. 
Systemic hypertension was present in 72% of patients and conges~- 
tive heart failure in 61%-and was not less in recent or steroid- 
treated cases. At autopsy 24 (67%) hearts were hypertrophied; 10 
(28%) had fibrous or fibrofibrinous pericarditis. Coronary arteritis, 
present in 18 {50%) patients, was healed in 6, subacute in 5, and 
acute in 7. Of these patients, 16 (89%) had focal myocardial 
necrosis and/or fibrosis; in 3 (17%) grossly evident myocardial 
infarction was present. Although the incidence of coronary 
involvement was not significantly different, active arteritis was 
evident most frequently in patients dying before 1952 (29%) and 
was least frequent in those treated with corticosteroids (8%). 

The findings suggest that clinically significant cardiac 
abnormalities in PAN are common but are now mostly due to 
hypertension and renal failure. Coronary arteritis, although 
evident in half of patients, is now mostly healed or mild. Thus, 
although not diminishing and possibly aggravating, the secondary 
consequences of PAN on the heart, corticosteroid therapy appears 
to have altered the extent and quality of its coronary arteritis. 


THE HEART IN PANCREATITIS: 
STUDY OF 128 CASES 

John. R. Darsee, MD, Ruth E. Fincher, MD, Michael Fincher, 
MD, Candace L} Miklozek, MD, Ayten 0. Someren, MD, 

J. Willis Hurst, MD, FACC. Emory University School of 
Medicine, Atlanta, Georgia 


A COMBINED CLINICO-PATHOLOGIC 


Since pancreatitis is thought to mimic electrocardiogra~ 
phic (ECG) features of acute myocardial infarction, pro- 
duce cardiac dysfunction, pericarditis, and bizarre dys- 
thythmias, we characterized the cardiac features of 128 
cases of pancreatitis: 42 clinical patients (P) studied 
prospectively and 86 clinical and necropsy cases studied 
retrospectively (22 also had hypertension and 14 had 
diabetes); 42 alcoholic patients and 86 disease-~matched 
necropsy cases without pancreatitis served as controls 
(C). In clinical P; there was hypocalcemia~related QT 
prolongation in 8 (controls=6), transient atrial fibril- 
lation in 4 (€=6}, new T-wave inversion in 6 (C=5), and 

a transient moderate-sized pericardial effusion by echo~ 
cardiography.in 5 (C=7). Necropsy P and C showed a 
similar frequency of patchy interstitial myocardial fibro- 
sis (P=36%, C=39%) associated with ECG conduction distur- 
bances, heart block or T-wave inversion, pericardial ef~ .. 
fusions (10-300cc) (P=31%; C#=27%), and fibrinous pericar- 
ditis (P=8%; C=5%) in uremic patients only; "pathological" 
Q waves on the ECG were always associated with significant 
(°75% cross-section) extramural coronary atherosclerosis 
(P=10%3; C=12%). Although isolated case reports suggest 
that distinct cardiovascular manifestations of pancrea~ 
titis exist, this study of 128 cases supports the view 
that: 1) ECG abnormalities, pericarditis, and pericar- 
dial effusions are not caused by pancreatitis, but more 
likely by alcoholism, hypertension, uremia, and other 
coincident disorders; and 2) electrocardiographic signs 
of myocardial ischemia or infarction are due to coronary 
atherosclerosis and not to pancreatitis. 
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THE ANTHRACYCLINE HEART: ANALYSIS OF 69 PATIENTS TREATED 
WITH EITHER ADRIAMYCIN OR DAUNORUBICIN SHOWING A LACK OF 
CORRELATION BETWEEN CLINICAL AND MORPHOLOGIC FINDINGS 
Jeffrey M. Isner, MD, FACC, Steven R. Cohen, Victor J. 
Witkind, Renu Virmani, MD, John S. 
Gottdiener, yp, William C. Roberts, MD, FACC, National 
Heart, Lung, and Blood Institute, Bethesda, Maryland 


Clinical cardiac toxicity (T) due to the anthracycline (A) 
drugs, adriamycin and daunorubicin, has been well docu- 
mented. Little information is available, however, on 
either. the necropsy findings of patients (pts) treated 
with these drugs or the relationship of clinical to mor- 
phologic signs of T. We studied 91 pts (ages 5-70 yrs, 
avg 45) who died after A therapy; 22 were excluded because 
of severe ahemia, renal failure, non-A drug T, sepsis or 
because clinical evidence of T was equivocal. Of the re- 
maining 69 pts, clinical evidence of AT was present in 23 
and absent in 46. Of the 23 (33%) pts with unequivocal 
clinical AT, 10 (43%) had histologic findings (vacuoliza- 
tion, myofibrillar loss, interstitial fibrosis) of AT, 
while 13 had none. Of 46 (67%) pts without clinical signs 
‘of AT, 21 (46%) had histologic findings suggestive of AT. 
Gross. examination of the hearts in the 23 pts with clin- 
ical AT disclosed 7 (31%) in whom cardiac dilatation was 
not present and in each the interval from onset of T to 
death was < 4-wks. Of the 31 pts with histologic signs of 
AT. (with or without clinical AT), the left ventricle was 
involved in 90%, ventricular septum in 72%, and right 
ventricle in 56%. The presence of histologic abnormal- 
ities at necropsy was unrelated to the total dose or dura- 
tion of A therapy, the interval from last dose to death, 
or the interval from onset of clinical T to death. Thus, 
a poor correlation exists between clinical and histologic 
‘signs of AT: pts with clinical signs of AT may have no 
histologic evidence of AT, and pts without clinical signs 
of AT may have extensive histologic abnormalities. 






HEREDITARY PROGRESSIVE CARDIAC CONDUCTION AND MUSCLE 
DISEASE: CLINICAL STAGING 
Harry La Graber, MD; Joseph M. Ryan, MD, FACC; Nobuhisa 
Baba, MD and Charles F. Wooley, MD, FACC; The Ohio State 
University College of Medicine, Columbus, Ohio. 


Familial cardiomyopathy and hereditable disorders of 
the cardiac conduction system (CCS) are incompletely de- 
fined, Ten family members {FM} with progressive CCS 
disease eventually developed congestive cardiomyopathy 
(COCM). All had pacemaker therapy. Catheterization (3), 
electrophysiologic studies (3), myocardial biopsy (3), 
and CCS autopsy study (1) defined CCS disease and diffuse 
atrial, ventricular fibrosis. 

FM were traced from 1803-1979, Five FM of generation 
(G) 3,4 had slow heart rate, death by age 50; 10 FM of 
G 4,5 had heart block, 7 developed COCM, 4 are dead; 5 FM 
ef G 5,6 have prolonged PR interval, with symptoms; 11 
FM of G 5,6 have symptoms, PACs, abnormal P waves, brady- 
cardia; 10 FM of G 5,6 have sinus bradycardia, no symp- 
toms. Inheritance is autosomal dominant. 

Clinical staging of FM suggests: Stage I - occurs in 
first and second decade with PACs, bradycardia and normal 
heart size; Stage II - with normal heart size, develop- 
ment of A-V block by third decade; Stage III ~ with ad- 

-vanced A-V- block by fourth-fifth decade; Stage IV - with 
atrial arrhythmias, progressive COCM preceding death. 

These data 1) document hereditable heart disease, dis- 
tinctive. clinical stages with early CCS involvement, pro- 
gression to A-V block and chronic atrial arrhythmias, 
pacemaker therapy and COCM; 2) demonstrate a firm basis 
for the concept of hereditary SOCM; 3) support the con- 
cept that genetic factors are involved in development of 
cardiac muscle, CCS fibrosis of adult onset, The diffuse 
nature of the process suggests the basic defect may be a 
hereditable cardiac membrane defect. 
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DIAGNOSIS OF CHAGAS CARDIOMYOPATHY BY THALLIUM 201 
PERFUSION IMAGING. Nusen Beer, Yuly Kertsnuz, Henry 
Collet, Hospital General del Oeste, Caracas, Venezuela. 


Chagas disease affects early in life a large amount of 
the population in the rural area of several countries 

in South America (Venezuela, Brazil, Argentina). With 
the advances in medical and surgical therapy an early 
diagnosis is essential. In the early stages the 

disease affects the apex of the heart. With pre- 
gression of the disease process other areas of the 

heart are involved. Myccardial perfusion images were 
performed in 15 patients with proven diagnosis of 
Chagas disease. Following the injection of 1.5-2.0 Mei 
of-Thallium 201 at rest, imaging was performed in the 
left anterior oblique 45° and anterior posterier views. 
Coronary arteriography were performed in all the 
patients to exclude cercnary artery disease. Ail 
patients had positive serology for Chagas. 

Results: Apical lesiens in 14 patients, septal Lesions 
in ¢ patients, posterolateral wall in 14 patients and 
inferior wall in 5 patients. These findings indicate: 
(a) There is a good correlation with previous pathology 
findings that demonstrated early lesions were lecated 
at the apex of the heart. (b) Chagas disease is a seg- 
mental disease affecting one or multiple segments of the 
myocardium. (c) Thallium 201 could identify the apical 
lesion in 14 of the 15 patients, and was able to identify 
other areas of the myocardium involved in the disease 
precess, and (d) Thallium 201 imaging could be used as 
a non invasive technique for the early diagnosis of 
myocardial involvement end effects of therapy. 


PATHOGENESIS OF MITRAL VALVE PROLAPSE (MYP) SYN— 
DROME IN CHILDREN WITH DUCHENNE’S MUSCULAR DYS-- 
TROPHY: AN ULTRASTRUCTURAL AND HISTOLOGIC BASIS. 
Shyamal K. Sanyal, F.A.C.C.*, Warren W. Johnson, M.D. St. Jude 
Children’s Research Hospital, Memphis, TN. 


We have previously reported a high prevalence of MVP syndrome in 
children with Duchenne’s muscular dystrophy (DMD). The objective of 
this study was to determine if the valve disorder in patients with DMD 
arose from cardiomyopathy cue to the primary disease or from dys- 
trophic changes in the mitral valve itself. In 3 male children with 
Duchenne’s muscular dystrophy, 13-15 years of age, who met accepted 
clinical, phono- and echocardiographic evidence of MVP syndrome the 
hearts were perfused within 1-2 hours of death, for 4 hours with 2.5% 
glutaraldehyde, 0.1M _ sodium cacodylate, 5H 7.2, temp. 4°C. Gross, 
histologic and ultrastructural features of the following were noted: 
mitral valve anulus; anterior end posterior leaflets; origin, distribution 
pattern, length and thickness of chordae tendineae; right and left 
ventricular myocardium; anterior and posterior papillary muscles. For 
comparison, hearts from 3 age and sex matched, healthy normal child- 
ren who died from accidents, were similariy studied, Mitral valves in 
DMD patients were entirely normal. The leaflets were neither redun- 
dant nor showed myxoid deceneration or accumulation of “granular 
cells”. There were no changes. in anulus or in number, origin, distribu- 
tion, length, thickness, histolegic and ultrastructural features of chor- 
dae tendineae. By contrast, myocardium in DMD patients showed 
gross cellular and subcellular alterations. Multifocal areas of myofiber 
degeneration with fibrosis and loss of contractile elements - thick as 
well as thin myofilaments - giving a “moth-eaten” appearance to the 
myofiber, were the predominant histologic anc ultrastructural findings. 
These changes were most extensive in posterior papillary muscle and 
posterobasal segments of the left ventricle and in decreasing order of 
severity, in free wali of the left and right ventricle, interventricular 
septum and anterior papillary muscle, Observations of this study, 
therefore, confirm our earlier speculation that MVP syedrome in 
children with DMD is an expression of cardiomyopathy involving 
papillary muscles and ventricular myocardium rather than due to 
dystrophic changes in the mitral valve leaflets, anulus or chordae 
tendineae. 
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METHODS FOR ASSESSING VENTRICULAR FUNCTION 
10:30-12:00 


‘QUANTIFICATION OF LEFT VENTRICULAR VOLUME BY EQUILIBRIUM 

RADIOVENTRICULOGRAPHY 

Michel H. Bourguignon, MD; J.Gregory Schindeldecker, CNMT; 
Robert D.Burow, BS; Edwaldo E.Camargo, MD; Lewis C.Becker, 

‘MD: Henry N.Wagner, Jr, MD. The Johns Hopkins Medical 








ooo Institutions, Baltimore, MD. 
“We have developed a simple method for measuring LV volume 


based on semi-automated analysis of 40°LAO images obtained 
with the scintillation camera after equilibrium of an intra- 
venous injection of Te-99m red blood cells. The essence of 
the method is the use of the dimensions and radioactivity 
within a segment of aorta to convert observed LV counting rates 
to volume. We made 4 assumptions: (1) The edges of the aorta can 
be delineated as the lines where the second derivative of a 
cross sectional profile equals zero. (2)Ventricular and 
aortic arch counts undergo the same attenuation because of 
their anatomical proximity. (3)An aortic region of interest 
is selected that has the shape of a right cyclinder para- 
llel to the camera face. (4)We measure the activity within 
two regions whose shape is known, one in the middle, the other 
at the edge of the aortic arch. Subtraction of these activi- 
ties and volumes gives a volume/activity ratio that does 
not require measurement of background. The equation used 
istEDV=(AV/AC)EDC, where EDV and EDC are left ventricular 
‘dlastolic volume and counts, AV and AC are aortic volume 
md counts. In initial validation, 19 patients were evalu- 
ated by equilibrium radio- and contrast ventriculography, 
the latter analyzed by planimetry. It was possible to 
identify the edges of the aortic arch by the 2nd derivative 
program in 12/19 patients. In these 12 patients, the 
-vadionuclide method yielded an end diastolic volume that 
correlated well with contrast ventriculography (r=0.95, 
Y=1.03 X + 3 ml). In addition to its simplicity and 
objectivity, a major advantage of this method of determining 
ventricular volume is that it does not require a blood sample. 





RELATIONSHIP BETWEEN RIGHT ANTERIOR OBLIQUE CINE ANGIO- 
GRAPHIC AND M-MODE ECHGGRAPHIC LEFT VENTRICULAR DIMENSIONS 
Richard P. Lewis, M.D., FACC; Paul D. Ruff, M.D.; Harisios 
Boudoulas, M.D.,FACC; Phillip K; Fulkerson, M. D » The 
Ohio State University College of Medicine, Columbus, Ohio. 


Previous studies have indicated a high correlation between 
angiographic fractional minor diameter (D) change (ZAD) 


and LV ejection fraction (EF) where D is ebtained by the 


“satea-length method. This is the basis for using ZAD from 
‘M-mode Echo as a measure of LV function. We studied LV 
dimensions in 90 adult patients. (pts) by RAO cine (cor- 
“rected by method of Kasser) and M-mode Echo. employing 
standard technique. There were 20 normals, 30 with pri- 
ary myocardial disease, and 40 with mitral and/or aortic 
regurgitation. None had localized contraction abnormal- 
“ities: As volume increased, the LV became more spherical 
(decrease in ratio of length-to' D or L/D) regardless of 
the etiology. Fer angiographic -end diastolic D (EDD) of 
<5.5cem the L/D was 1.7 + .1, for 5.5 -7.5em the L/D was 
1,6 + .2, and for >7. 5em the L/D was 1.4 + .2 (p< .05)- 
Similarly for end systolic D (ESD) of <4cm the L/D was 2.2 
+.3, for 4-6cem the L/D was 1.8 + .2, and for>6cm the L/D 
was LS +.2 (p<.05). 


Echo EDD was consistently smaller than angio EDD and the 
difference was magnified at larger EDD (p<.01). The dif- 
ference was .46 + „2cm for EDD<Scm, .80 + .2cm for EDD 
of 5.5 -7.5cm, and 1.36 + .2em (p<.001) for EDD >7.5em. 
Similar significant differences were found for ESD. This 
data indicates that M-mode Echo does not measure calcu- 

š lated angio D. The phenomenon is egaggerated by the 
changes in LV shape which occur with dilatation. The 
“oeyesult is a relatively poor correlation of Echo ZAD and 
< angio EF (r =0.69), compared to r =.98 for angio ZAD and 
SCEE, Therefore, we feel that the current M-mode Echo ap- 
“-optoach to. assessing LV function should be re-examined. 
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COMPUTERIZED ANALYSIS OF BIPLANE LEFT VENTRICULOGRAPHY: 
INTRA~METHOD VARIATION IN THE ABILITY TO IDENTIFY AND 
QUANTIFY REGIONAL WALL MOTION ABNORMALITIES. 

John Ð. Slack, MD; John K. Landon, PhD; Henry G. Hanley, 
MD; James S. Cole, MD, FACC, Veterans Administration and 
University of Kentucky Medical Centers, Lexington, KY. 


Accurate separation of normal from abnormal regional wall 
motion (RWM) is possible using several methods of RWM 
analysis (A). The ability of each method to discriminate 
between hypokinetic and akinetic-dyskinetic (A-D) motion 
in an area of RWM abnormality (Abn) has not been evaluat- 
ed. Therefore the ability of 6 commonly used methods of 
computerized RWMA to identify RWM Abn as well as to 
quantify that RWM Abn as A-D was tested in 58 patients 
undergoing calibrated biplane (30° RAO-60° LAO) left vèn- 
triculography (angio) who had clinical and electrocardio- 
graphic (ECG) evidence of healed transmural myocardial 
infarction: (MI). The 6 methods of RWMA tested were: [I: 
30° radial (rad) chords (C), II: 30° rad triangles (tri), 
III: 60° rad tri, IV: 90° rad tri, V: hemiC, VI: rectan- 
gular areas]. Four ECG/angio sites were analyzed: An- 
terior, Inferior, Posterolateral and Septal. RESULTS: 
ECG identified 108 MI regions in the 58 patients, and 
these were presumed A~D to allow statistical analysis. 


Method T II III IV y VI 
ZRWM Abn 81.5 75.9** 67.0% 80.6 66.7* 82.4 
Z A-D 60.2 55.6 24.1% 36.1% 57.4 25.0% 


(*p<.001), (**p=.05). 

The ability of Method I to detect both RWM Abn as well as 
RWM A-D was compared to each of the other methods, and it 
was found significantly better where indicated (*). 
CONCLUSION: Methods I, II, IV and VI are equally sensi- 
tive in identifying regional wall motion abnormality. 
Method I, however, is most capable of both identifying a 
regional wall motion abnormality and quantifying that re- 
gion as A-D in areas of transmural myocardial infarction. 


CONTRIBUTION OF INTERVENTRICULAR SEPTAL WALL MOTION TO 
RIGHT AND LEFT VENTRICULAR FUNCTION: VISUALIZATION BY 
BIVENTRICULAR ANGIOGRAPHY 

Vidya S. Banka, MD, FACC; Jai B. Agarwal, MD; Monty M. 
Bodenheimer, MD, FACC; Richard H. Helfant, MD, FACC, 
Presbyterian-University of Pennsylvania Medical Center, 
Philadelphia, Pennsylvania. 


The interventricular septum (IVS) has conventionally been 
regarded as a functional part of the left ventricle (LV). 
To determine its normal. range of motion, simultaneous 
biventricular cineangiograms (60 frames/sec} were per- 
formed. (60° ‘Left anterior oblique) in 9 subjects without 
coronary or other heart disease. Arrhythmias were 
avoided by using a specially designed right ventricular 
(RV) angiographic catheter. IVS motion was studied 
qualitatively by three observers and quantitatively by 
superimposing end-systolic and diastolic frames using 
intra and extracardiac reference points. Two transverse 
chords which trisected the end-systolic length of the IVS 
were drawn to quantitate IVS, LV and RV free wall motion. 
Qualitatively, the IVS thickened towards both RV and LV 
cavities resulting from shortening on its Longitudinal 
axis. LV motion was 43.343.7% on the transverse axis of 
which 33.343.2 was contributed by LV free wall and 9.0+ 
1.1% by IVS. RV transverse axis motion was 40. 747.1%, 
the RV free wall contributing 30.544.3% and IVS 10.24 
3.6%. There was no difference between IVS motion toward 
LV or RV. The IVS longitudinal axis shortened by 17.4+ 
2.8% (p< 0.001). Systolic IVS thickness symmetrically 
increased by 75.2+12.4% (from 7.440.5mm to 12.540.4 mm) 
(p< 0.001). In summary, the interventricular septum 
thickens on its transverse axis and shortens on its 
longitudinal axis contributing equally to the right and 
left ventricular function. 
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ABSTRACTS 


ASSESSMENT OF. LEFT VENTRICULAR FUNCTION BY DETERMINATION 
_ OF MAXIMUM. ACCELERATION OF BLOOD FLOW IN THE AORTA USING 

CONTINUOUS DOPPLER ULTRASOUND 

P.A.N. Chandraratna, MD, FACC; B. Silveira; W. S., Aronow, 

MD, FACC, Long Beach Veterans Administration Medical 

Center, Long Beach, California 


Using catheter tip velocity probes placed in the ascending 
aorta, previous investigators have demonstrated that maxi- 
mum accelération of blood flow in the aorta is a sensitive 
index of left ventricular contractility. This investiga- 
tion was designed to determine whether maximum accelera- 
tion of blood flow in the.aorta determined non-invasively 
by continuous Deppler ultrasound would be of value in de- 
termining left ventricular function. A calibrated contin- 
uous Doppler ultrasound probe was placed in the supraster- 
nal notch and angulated posteriorly, inferiorly, and 
slightly laterally so that the ultrasound beam was more or 
less parallel to the direction of blood flow in the arch 
of the aorta. The velocity signal thus obtained was 
recorded at 100 mm/sec. The maximum acceleration of 
blood flow in the aorta (dv/dt) was determined by measur- 
ing the slope of the steepest part of the velocity curve. 
Ejection fraction determined by left ventricular cine- 
angiography was. used as an invasive parameter of left 
ventricular function. Twenty-eight patients with coronary 
artery were studied: The maximum dv/dt correlated well 
{r= 0.83) with ejection fraction. The maximum dv/dt 
“nanged from 91 to 192 em/sec2. Eleven of 12 patients 
(92%) with a maximum dv/dt of <116 cm/sec? had an ejec- 
tion fraction of <50%; and 16 of 16 patients (100%) with 
a dv/dt of >116 cm/sec? had an ejection fraction >502. 
We conclude that noninvasively determined maximum acceler- 
ation of blood flow in the aorta, is a useful parameter of 
deft ventricular function, and that this technique is of 
value in detecting impaired left ventricular performance. 


VENTRICULAR PHASE AHALYSIS OF RADIONUCLIDE GATED STUDIES 
Dan Pavel, M.D.; Steven Swiryn, M.D.; Wilfred Lam, M.D.; 
Ernest Byrom, Ph.D.; Amjad Sheikh, M.D.; Kenneth Rosen, 
M.D., Univ. of fllinais, Chicago, It. 


Phase analysis has been applied to 55 gated studies 
(G5). The procedure is based on a Fourier analysis of 
the variation of counts in each pixel over the 64 images 
csrepresenting.the cardiac cycle. This leads to 2 function- 
af images: the amplitude and the phase images (Phi). The 
phase lag can be quantified in degrees using color scales 
which cover a 3600 span. The present data are based on 
15 patients in whom contrast angiography (CA) was per- 
formed. Only LAO views were correlated because not al] 
patients had GS in two views, and only the free borders 
were considered (inferior and postero-lat. wall). Results 
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The Fisher's exact-test shows a strong association when 
normal versus abnormal segments are considered (p<.0001). 
The. correlation coefficient calculated by assigning a 
cade to the 4 categories is °0.89 (p<.01). 1) Regional 
‘wall-motion abnormalities {RWMA} appear out of phase with 
the rest of the ventricles. 2) On the 30 segments studied 
the RWMA was easily quantified: the higher the phase lag, 
the more. accentuated the abnormality. 3) The delineation 
of abnormal areas is sharp and reproducible and can easi- 
ly be used for quantitative evaluation of the surface in- 
volved. Conclusion: This method allows quantification of 
free border RWMA and is a valuable tool for the qualita- 
tive and quantitative assessment of ventricular function 
in general. 
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PM 

CORONARY ARTERY DISEASE: DIAGNOSTIC METHODS 
2:00-5:30 


RIGHT VENTRICULAR VOLUME: ANALYSIS BY EQUILIBRIUM 
RADIONUCLIDE ANGIOGRAPHY IN NORMAL SUBJECTS AND 
PATIENTS WITH CORONARY DISEASE, 


Robert Slutsky, MD; Joel Karliner, MD, FACC; Williom Ashburn, 
MD, University of California 7 San Diego. 


To assess a new method for the noninvasive evaluation of right 
ventricular (RV) volume, we analyzed 10 normal subjects group (1) 
and 30 patients (pts) with coronary artery disease (CAD) by equi- 
Hbrium radionuclide angiography. RV end diastolic volume (EDV) 
in non-geometric units was developed from the RV time-activity 
curve obtained from fixed RV and background regions-of+interest. 
Volume was obtained from ED counts and corrected for plasma 
radioactivity, frame-time and the number of processed cardiac 
cycles. The 30 CAD pts were divided into 2 separate groups; 20 
with RVEDP< 10 mmHg (1i) and 10 with RVEDP 210 mmHg (H). 


RVEF RVEDVI RVEDP mmHg = PAP, mmhg 
| 0.539+.09 5.142% .59 Seeaietaiecamaian mamie m 
H 0.544.916 5.20ł41,.05 6.542 13.04 4.6 


IH 0.412 .12*  8.62Ł1.99* 12.92 2.9% 28,74 11.1** 
*p <.01 vs I +H **p<.01 vs ff PAP = pulmonary artery mean 
pressure, All results are mean + 1 SD. 

Only 1 of 20 (5%) pts in Group H had a depressed RVEF and 2 
(10%) had an increased RVEDVI. Nine of 10:(90%) patients in 
IH had an increased RVEDVI, while only 4 of 10 (40%) had a 
depressed RVEF. We conclude that RV dysfunction occurs in 
association with increases in RVEDP in pts with CAD. The data 
suggest that RV dilatation occurs prior to depression of RVEF at 
rest. Equilibrium radionuclide angiography may be used to 
evaluate changes in RV size, which may be an early sign of RV 
disease in patients with coronary artery disease, 


THALLIUM-201 EXERCISE SCINTIGRAPHY FOR DETECTION OF 
MULTIVESSEL DISEASE IN PATIENTS WITH PRIOR INFERIOR 
MYOCARDIAL. INFARCTION 

Virinderjit S, Bamrah, MD, FACC; Michael E. Keelan, Jr., 
MD, FACC; Jagmeet S. Soin, MD; Ronald D. Siegel, MD; 
Josep G. Llaurado, MD; Donald D. Tresch, MD, FACC; 

Felix E. Tristani; MD, FACC; Harold L. Brooks, MD, FACC: 
Medical College of Wisconsin and Veterans Administration 
Medical Center, Milwaukee, Wis. 


In the presence of prior inferior myocardial infarction 
(IMI) graded exercise electrocardiocraphy (GXT) has 
variable sensitivity (SENS) in identifying significant 
(270%) obstructive multivessel disease (MVD}. Thal kium- 
201 exercise scintigraphy {TLX} reportedly has more SENS 
than GXT and should be a reliable technique for evalua- 
tion of post MI patients (pts). Eighty pts with pricr IMI 
underwent TLX. Multiple view scintigraphy was performed 
10-15 min and 4 hrs after injecting 1.5 mCi of Tl at peak 
exercise. Scans and coronary angiegrams were reviewed 
independently by two observers, Sixty-two pts had MVD 
{3V-32 pts; 2V=30 pts). All 62 pts showed resting per- 
fusion defects (DEF! confirming previous IMI. New DEF 
were detected in 30 pts (48%). Pts with 3V disease showed 
fewer new DEF {11/32 pts) than pts with 2V disease (19/30 
pts). GXT alone suggested MVD in 56% (35/62 pts) increas- 
ing the total SENS for MVD to.68%. While 40 pts showed 
significant disease in the left anterior descending (LAD), 
new DEF in the LAD distribution deveioped in only 15/40 
(38%) pts. We conclude that TLX does not reliably identi- 
fy MVD in pts with previous IMI. Lack of SENS also pre- 
cludes reliable detection of LAD disease in this group. 
These surprising results may. relate to: a) early re- 
distribution of Tl, b) global ischemia, c} large fixed 
defects limiting visual interpretation of moderately 
hypoperfused zones, d) overlap of perfusion zones due to 
variation in coronary anatomy and collateral flow. 
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NITROGLYCERINE VS POST-EXTRASYSTOLIC POTENTIATION 
IN THE ASSESSMENT OF THE ACUTELY ISCHAEMIC LEFT 
VENTRICLE 

Rudolph Canepa-Anson, Charles D. Ilsley, David W. Boron, 
Anthony F. Rickards. National Heart Hospital, London, U.K. 


Nitroglycerine (NG) and Post-extrasystolic Potentiation (PESP) 
may be used to identify reversible impairment of left ventricular 


(LV) function in ischaemic heart disease. Twenty one pts. were 


studied with two consecutive LV angiograms ofter rapid atrial 
pacing and NG. Each LV angiogram included a controlled 
ventricular ectopic beat {coupling interval 430 msec, atrial paced 
rate 100) to give 4 beats for analysis. 14 pts. (group A) developed 
angina and on acutely ischaemic LV. Seven pts. (group B) did not 
get angina and LV function remained normal. Ejection fraction 
measurements tabulated below showed that NG had a greater 
effect on the ischaemic LV and no effect in-group B. 

Post pacing PESP. NG NG PESP 
Group A 38.6(3.7) **48.4(3.4) * 55.9(2.8) ** 67.0(2.3) 
Group B 65.3(2.7) * 75.4(2.4) 68.4(4.8) * 76.4(3.5) 


„EJECTION FRACTION %(SEM),,=p .01, „=p -0005 
PEERS A ABLATED TE PLES PET RD ART BE AT RTT EIEN ASEET NL ANAT ET EEN 
Radiol analysis of segmental wall motion confirmed the advantage 

of NG over PESP in the ischaemic LV. 


It wos concluded that: 1) NG. is more effective than PESP in 
reasing inward systolic wall motion, and therefore in assessing 
potential reversibility of abnormal LV function, in the acutely 
2) PESP increases systolic wall motion 





in both ischaemic and-normal LVs whereas the effect of NG is 
maximal in the ischaemic areas. 





. @arly detection of coronary artery disease. 


cise. 
“Late availability give Rb-82 unique potentials for physio- 


INFARCTION SIZING AND MYOCARDIAL PERFUSION MEASUREMENTS 
USING RUBIDIUM-82 AND POSITRON EMISSION TOMOGRAPHY 
Thomas F, Budinger, M.D., Ph.D.; Yukio Yano, B.S.; 
Stephen E. Derenzo, PR.D.; Ronald H. Huesman, Ph.D.; 
Chi~Kwan Yen, M.D.; Brian R. Moyer, B.S.; Lon G. Sherman, 
M.D.; Donner Laboratory, University of California, CA 





Rb-82 (positron emitter of 1.25 min half-life) has 
unique potentials for sequential evaluation of infarction 


size and for quantitation of flow times extraction when 


used with a dynamic positron emission tomograph. Valida- 
tion of these potentials involve studies with dogs and 
coronary artery disease patients using Rb-82 from a table 
top generator containing Sr-82 (T = 25 days) and the 
Donner 280-crystal positron emission tomograph. 

Infarct sizing studies in dogs comprise imaging before 
and after ligation of branches of coronary arteries. In- 
farcts as small as 0.7 ec can be visualized. In 15 pa- 
tient studies, 20 mCi (1.2 millirads/mCi) or more was in- 
jected. Uptake defects in transverse section images cor- 
related well with EKG and catheterization findings. 

Perfusion studies involve sequential transverse section 
imaging to obtain myocardial uptake curves and the arte- 
rial blood input function. A second method involves con- 
stant infusion of Rb-82 at approximately 2 mCi/min to give 
equilibrium images from which specific volume flow is 
estimated by the ratio of the uptake in the myocardium to 
the uptake in the left ventricular cavity. Validation 
studies using flow manipulation by Intensain and micro- 
spheres demonstrated that Rb follows flow sufficiently 
well te compete with Th-201, N-13, ammonia, K-38, for 
In man, there 
Wag a 1.7 times increase in uptake in myocardium at exer- 
The short half-life, low whole body dose, and immed- 


logical and clinical studies. 


ABSTRACTS _ 


DETECTION AND LOCALIZATION OF 240% CORONARY STENOSIS IN 
PATIENTS: COMPARISON OF EXERCISE AND DIPYRIDAMOLE THALLIUM- 
201 MYOCARDIAL IMAGING. Martin A Josephson MD, B Greg Brown 
MD PhD, Harvey S Hecht MD FACC, James Hopkins BS, Cynthia D 
Pierce BS, Robert B Petersen PhD, Wadsworth VA Hosp, UCLA, CA. 
Twenty-five unselected patients with ischemic heart 
disease were studied prospectively to determine the value of 
two different methods for isotopic detection and localization 
of coronary stenosis (CS). All received i.v. dipyridamole 
(DP) 0.56 mg/kg over 4 minutes; 6were not able to perform 
maximal treadmill exercise (ETT). Thallium (T1}-201 (1.5 
mCi) was injected one minute before peak exercise or one 
minute after DP infusion. Imaging was performed immediately 
and 4 to Shours later (redistribution). The analysis 
incorporated: 1) A blinded consensus image reading by 3 
experienced observers. 2) A prospective strategy for 
characterizing imaging information and fer localizing each 
defect toone (or 2 if overlapping) of 6major arterial distri- 
butions (AD). 3) A computer-based measurement of % stenosis 
(38), minimum lumen area (Amin); and stenosis flow resis- 
tance (R) from high quality angiograms. Results: The dis- 
tribution of CS severity was uniform. Coronary stenoses of 
240% were usually absent from the appropriate AD with 
negative (N) and present with positive (P) Tl-201 images for 
both ETT (p<.001) and DP (p<.001). For all AD the relative 
value of imaging in detecting and localizing a 240% CS is: 


Sensitivity Specificity Predictive Accuracy 
(TP/TP+FN) (TN/TN+FP} (TP/TP+FP} 

ETT 36/44=82% 32/44=73% 36/48275% 

DP = 49/56=88% 34/45=76% 49/60=82% 


Analyses based on Amjn-and R- slightly improved the value 
of both methods (p=NS}. In conclusion, both exercise and 
DP T1-201 myocardial imaging proved surprisingly reliable 
in detecting and localizing CS240%; DP, which could be 
used more frequently in these patients, appeared somewhat 
more useful (p=NS). Thus, these methods are of potential 
value in screening for sub-clinical coronary disease. 


SPECIFICITY, SENSITIVITY AND ACCURACY OF THE NITROGLYCERIN 
VENTRICULOGRAM AS A PREDICTOR OF SURGICALLY REVERSIBLE 
WALL MOTION ABNORMALITIES 

Michael Stadius, MD;John H.. McAnulty, MD,FACC;Joshua Cut~ 
ler, MDiJoseph Rosch, MD;Shahbudin H. Rahimtoola, MD,FACC, 
University of Oregon Health Science Center, Portland, Ore. 

The response of left. ventricular(LV)segmental wall mo- 
tion to nitroglycerin (NTG) was evaluated as a means. of 
identifying wall motion abnormalities (WMA) that might be 
improved with coronary artery bypass surgery (CABS). Of 
many patients (pts) prospectively studied, 19 had satis- 
factory LV angiograms before and after NTG prior to CABS, 
and without NTG at an average of 8 months after surgery. 
Of 40 segments with WMA identified preoperatively ,18(Group 
A)were in-a segment of a preop myocardial infarction (MI) 
{12 segments) ,in the region of a periop MI (2 segments) or 
in the region supplied by a graft which became occluded(6 
segments). In these 18, NTG correctly predicted the re~ 
sponse of WMA to CABS in 12/18(67% accuracy). The speci- 
ficity of the response to NTG in this group was 80% with 
a sensitivity of 50%. 

Twenty-two WMA (Group B) were not associated with the 
complications listed above. Thirteen improved after NTG. 
Eleven of these 13 WMA (85%)also improved with CABS. Al- 
though 9/22.WMA did not improve with NTG, 4 improved with 
CABS. Thus, in this group, the specificity of the response 
to NTG was 67%, the sensitivity 73% and the accuracy 73%. 
When all 40 WMA were evaluated, specificity of the NTG 
ventriculogram in predicting reversible WMA with CABS was 
76%, the sensitivity 65%, and the accuracy 70%. 

In ideal conditions of no pre- or periop MI and no graft 
occlusion, improvement of WMA with NTG was associated with 
improvement in the same WMA with CABS in 854. However,since 
the accuracy values are only 67-734, depending on how the: 
segmental WMA are grouped, there are clear limitations 
to the value of the NTG ventriculogram in predicting re- 
versible abnormalities with CABS. 
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"ABSTRACTS 


PREDICTIVE. ACCURACY: OF CORONARY ARTERY CALCIFICATION AND 
POSITIVE EXERCISE TEST IN ASYMPTOMATIC NON-HYPERLIPIDEMIC 
- MEN FOR CORONARY ARTERY DISEASE. 
Rene A. Langon, MD, FACC; Michael J. Kelley, MD, FACC; 
Edwin K. Huang, MD; Lawrence S, Cohen, MD., FACC, 
Nale University School of Medicine, New Haven, CT. 
©. To determine the predictive accuracy (PA) of fluoro- 
scopically detected coronary artery calcification (CAC) 
sand a positive submaximal exercise test (ET), 129 
asymptomatic men were screened and 13 had beth CAC and 
positive ET (>1.5 mm ST segment depression). These 13 
“ten were studied at coronary arteriography (ART). They 
had a mean age of 44 years (range 41 to 56 years); 3 had 
hyperlipidemia, none had history or symptoms of heart 
disease and all had normal resting ECG's at entry. 
CAC was detected in 1 artery in 10, in 2 arteries in 
2, and in 3 arteries in l man. Coronary artery disease 
(CAD) was considered. clinically significant if there was 
>504 narrowing in any major coronary branch. ART re- 
vealed E? men with clinically significant CAD (single 
CAD in 4, double in 5 and triple in 3 men) and 1 with 
minor CAD. (single CAD). The PA was 100% for minor CAD, 
92% for clinically ‘significant CAD. Correlation was 
“found between the location of CAC and CAD but the ab- 


- sence of CAC. did not rule out the presence of CAD at 


ART. Furthermore, CAC did not indicate the location of 
the highest stenotic lesions seen at ART. Followup for 
othe 13 pts was 40 mos.3; 3 pts developed typical angina 
and 1 pt developed a transmural myocardial infarction. 
: Thus, this study suggests that 1) the PA of CAC and 
“a positive ET, in the middle aged non-hyperlipidemic 
‘asymptomatic male, is very high; 100% for CAD and 92% 
“for. clinically significant CAD; 2) that CAC and a posi- 
“tive ET, predicts an early appearance of symptoms; 
angina or myocardial infarction, in previously asympto- 
“matic men. 


REPRODUCIBILITY OF EXERCISE TESTING AT TWO AND SIX WEEKS 
POST MYOCARDIAL INFARCTION 

‘Mark Starling, MD; Gemma Kennedy, RN; Michael Crawford, 
MD, FACC: Robert O'Rourke, MD, FACC, University of Texas 
°° Health Setence Center and Veterans Administration Hospi- 
cital, San Antonio, Texas. 


Although the safety of ore-discharge (DC) ECG exercise 
“testing in post myocardial infarction (pMI) patients (pts) 
© and the grave prognostic significance of exercise ST seg- 
-iment depression .(ST¥)-has been demonstrated, little evi- 

-= dence exists concerning the reproducibility of abnor- 
‘malities detected pre-D€ compared to exercise testing done 
post-DC. Therefore, we studied 46 pMI pts by a modified 


-< Naughton treadmill exercise test (TT) prior to hospital DC 


scand at 6 wks pM]. ST+ during TT occurred in 12 pts pre-DC 
andin 11 of them at 6 wks. In these 11 pts, there was no 
“difference between 2 and 6 wks in maximum heart rate 
“114216 ¢SD) vs 117412 beats/min], rate pressure product 
co (RPP, 18.343.8 vs 18.043.7 X 10°) and the duration of TT 
€8.743.9 vs 5,542.5 min). The 1 pt without ST+ at 6 wks 
“was put- en propranolol.after his 2 wk TT. Also, 2 addi- 
tional pts had new STs on TT at 6 wks. ST segment eleva- 
= tion (ST+).on TT was seen in 17 pts pre-DC but at 6 wks 
--was-no longer present.in 9 of these ots. No new pts 
eshowed ST at. 6 wks. Angina pectoris (AP) was provoked 


on TT in 8 pts pre-DC- and reoccurred in 5 of them at 6 wks. 


Additionally, 6 pts had new AP on TT at 6 wks. In these 6 
“pts there was no change in the duration of TT at 2 and 6 
wks, however, heart rate (120i19 vs 125+14 beats/min) and 
RPP (18.344.3 vs 20.5+9.8 X 10°} tended to increase at 6 
“wks. No abnormality was detected in 13 pts pre-DC and 11 
of. them continued to have a normal TT at 6 wks. In com- 
paring pre-DC to 6 wks pM1l, we conclude: 1) STs is a 
“relatively consistent-and reproducible finding at 2 and 6 
wks pMI; 2) ST+ often disappears by 6 wks pMI; and 3) more 
pts with angina pectoris are identified at 6 wks. 








DOES LOCATION. OR LATE. DISAPPEARANCE OF Q WAVES AFTER 
MYOCARDIAL INFARCTION AFFECT PROGNOSIS? 

Jorge C. Rios, M.D., Alan G. Wasserman, M.D., George B. 
Bren, M.D., Allan M. Ross, M.D., FACC, for the Aspirin 
Myocardial Infarction Research Group, George Washington 
University Medical Center, Washington, D.C. 

Absence or disappearance of diagnostic Q waves following 
a myocardial infarction (MI) and the location of the 
infarction by Q wave distribution have been thought to 
carry prognostic implications. To test that hypothesis 
we examined the records of all patients participating in 
a clinical trial (Aspirin Myocardial Infarction Study: 
AMIS), ages 30-69 years (m=52.7) who had a myocardial 
infarction within 1 year preceeding entry into the study. 
There were 1464 such patients which constitutes this 
study group. Follow up was 28-42 months (m=32) during 
which time 120 (8.2%) patients had died. Thus the 
annualized mortality is 3.1% (treatment and control 
groups pooled). 

Total mortality in patients with a single electrocardio- 
graphically defined infarct location was: Antero~lateral 
7/73 (9.6% total, annualized to 3.6% per year}; Inferior 
37/517 (7.2% total, 2.7% per year; and Antero-septal 
13/189 (6.9% total, 2.6% per year). There was no sig- 
nificant difference in mortality rate between any of 
these groups. 

When patients with résidual Q waves at randomization 
(1200) were compared to those whose Q waves completely 
resolved (264) there was no significant mortality dif- 
ference after 32 months (102/1200 vs 18/264). Yearly 
mortality 3.2% vs 2.5% respectively (p>0.05). 

CONCLUSION: Neither less of Q wave nor location of MI by 
Q wave distribution influences the annualized mortality 

{3.12) for patients having survived the acute phase of a 

myocardial infarction. 


AN IMPROVED, RAPID RADIOIMMUNGASSAY FOR INDIVIDUAL HUMAN 
CK ISOENZYMES 

Robert Roberts, MD, FACC; Ceil Herman PhD, Washington 
University, St. Louis, Missouri 


The radioimmunoassay (RIA) we previously developed for MB 
CK employed an antibody to BB CK which cross-reacts with 
MB and required 6 hr cf incubation for sample analysis. 
MB CK antiserum would have been preferable but purifica- 
tion of MB free of albumin was not then achievable, In 
this study, we developed a new procedure that permits 
assay of MB CK within minutes based on the use of purified 
MB rather than BB as the inhibiting moiety. MB CK was 
isolated from human myocardium by homogenization {Tris 
HCL, 50 mM, pH 7.4}, and ethanol extraction (50 and 70%) 
and separated from MM CK by anion-exchange chromatography 
on Sephadex DEAE A-50. Albumin was removed by affinity 
chromatography (affigel-biue) with 250 mM NaCl elution 
(pH 8.0). The purified MB CK migrated as a single protein 
band on SDS gel and did not react to albumin antiserum. 
MB CK antiserum raised in rabbits exhibited a titre of 
1:10,000. With the use of MB CK antiserum and the use of 
a second any ibody technique, rather than (NH4) S04, free 
and bound I-CK can- be separated within 10 minutes. 

MM CK present in 500-fold excess of MB exhibited no inbi- 
bition, Plasma MB CK activity in normal subjects (n=200} 
detectable with the new assay ranged from .5 to 6.5 IU/L 
with similar values in patients with angina without in- 
farction (n=120) of .2 to 6 IU/L. In contrast, patients 
with myocardial infarction (n=230) exhibited mean peak 
plasma MB CK of 230 2 172 IU/L with initial elevations 
occurring 2-4 hr after onset of symptoms. Thus, the 
assay of MB CK employing purified MB CK and MB CK anti- 
serum is sensitive, specific and more rapid than the 
previously available procedure, 
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HETEROGENEITY OF MYOCARDIAL METABOLISM: EVE- 

DENCE OF LACTATE PRODUCTION DURING NET CHEMICAL 

EXTRACTION IN MAN. 

Edward W. Gertz, MD; Judith A. Wisneski, MD; Richard Neese, 

PhD; Whai-Jen Soo, PhD; J. David Bristow, MD, FACC. Veterans 

Administration Medical Center, University of California, San 
Francisco, CA. 





; Myocardial blood flow has been recognized to be 
S heterogeneous in patients with CAD. Myocardial metabolism 
could also be heterogeneous which traditional arterial {A} 
-eoronary sinus (CS) sampling methods would fail to demonstrate. 
This study was performed to investigate the possibility of 
heterogeneity of lactate metabolism. Ten patients (pts) with 
significant CAD in the LAD and/or LCX arteries were studied. 
14C-I-lactate was injected intravenously as a constant infusion 
after a priming dose. Mid-CS and A blood samples were obtained 
at rest and analyzed for chemical lactate and '“C-lactate. No 
evidence of ischemia by symptoms or EKG was present during the 


study. 


The mean lactate extraction by chemical analysis was 26.6% 
(11,6-45.9). By radioisotope analysis, the mean lactate extraction 
was 45,5% (25.5-62.6). This would indicate that while there was 
global net extraction of lactate, certain areas were producing 
lactate. Comparing chemical and isotope lactate extractions, the 
quantity of lactate produced can be calculated. Six pts with 
Significant. left main and/or both LAD & LCX lesions produced 

 0.141uM/m1 lactate (0.070-0.188). Four pts with only LAD or LCX 
ne ns produced 0.074;:M/ml lactate (0.049-0.087). 


ing ë tracer method myocardial lactate. metabolism was 
: demonstrated to be heterogeneous in pts with CAD at rest. A 
significant amount of lactate can be produced by the myocardium 

: e when chemical A-CS analysis indicates myocardial 
ion. It appears that the degree of heterogeneity is related 
to the severity of the CAD. 


















CHRONOTROPIC INCOMPETENCE IN STRESS TESTING IN PATIENTS 
WITH CORONARY ARTERY DISEASE. Carey M. Marder, M.D., Rob- 
ert D. Wiens, M.D., FACC, Robert G. Evans, Hiltrud S. Muel- 
ler, M.D., FACC. St. Louis University School of Medicine, 
St. Louis, Missouri 63104 





Treadmill stress tests were performed on 171 patients 
. (pts) with angiographically documented coronary artery 

disease (CAD) to determine the prevelance of chronotropic 
incompetence (CI). CI is defined as a maximum heart rate 
CAR) greater than 2 standard deviations below the mean for 
otal pts with normal coronary arteriograms. Pts receiving 

«propranolol are excluded. Of the normal pts, only 2 are 

‘€lassified as CI, indicating that CI is 99% specific for 
CAD: The incidence of CI in pts with single (SVD), double 

(PVD) and triple (TVD) vessel disease is reported below. 








# Pts # Pts 

Total with CI % Pts p< 
SVD ål 5 12 -05 
DYD 60 5 8 .05 
TVD 70 6 9 +05 





The incidence of CI in all disease groups is signifi- 
cantly greater than normal, however the proportion of pts 
with CI is not related to the severity of the disease. In 
those pts with Cl, 37% of the recorded HRs in SVD, 45% in 
DVD and 63% in TVD fall below the lower 95% confidence 
limit indicating that the more severe the CAD the fewer 
normal HRs at each recording period. Of the 16 pts with 
CI, 13 had inconclusive stress tests due to failure to 
-yeach maximum HR, indicating that in these pts, CI might 

be useful in the diagnosis of CAD. 
: Conclusions: 1. CI occurs in approximately 10% of pts 
“with CAD and is as frequent in SVD as TVD. 2. The more 
severe the CAD the greater the number of abnormal HRs. 
ceo 3e Pts with CI should be further evaluated for CAD. 
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TWO-DIMENSIONAL ECHOCARDIOGRAPHIC RECOGNITION OF THE 
DESCENDING THORACIC AORTA: VALUE IN DIFFERENTIATING 
PERICARDIAL FROM PLEURAL EFFUSIONS 

William S. Haaz, MD, Gary S. Mintz, MD, Morris N, Kotler, 
MD, FACC, Wayne R. Parry, Hahnemann Medical College and 
Hospital, Philadelphia, Pennsylvania 


M-mode echocardiography (MME) is net always reliable in 
differentiating pericardial (PE) from pleural (PLE) effu- 
sions, especially when a large posterior PE exists in the 
absence of anterior pericardial fluid. We evaluated the 
utility of two-dimensional echocardiography (2DE) in dif- 
ferentiating PE from PLE by using the descending thoracic 
aorta (DTA) as a marker of the pericardial~pleural inter-~ 
face. 76 patients (PTS) were studied by 2DE. In the ZDE 
long axis view, the DTA is a circular echo-free structure 
posterior to the atrioventricular groove; in the 2DE 
short axis view, the DTA is a circular or oval echo~free 
structure behind the left ventricular posterior wall 
(LVPW). 16 PTS with PE only had an echo-free space be- 
tween the LVPW and the DTA. Ail 16 PTS had confirmation 
by surgery, pericardiocenteis, or autopsy. 9 PTS with an` 
isolated left PLE only had an echo-free space posterior 
to the DIA. All 9 PTS had confirmation by chest x-ray or 
autopsy. -106 PTS with both PE and PLE had echo-free spaces 
both between the LVPW and DTA and also posterior to the 
DTA. All 10 PTS had anatomical confirmation. 41 PTS 
served as a control, and none had echo~free spaces either 
anterior or posterior to the DTA. In each instance, PE 
or PLE was- not present at surgery. 

Thus, in conclusion, visualization of the DTA by 2DE is a 
useful marker of the pericardial-pleural interface and 
allows differentiation of PE from PLE. 


CONTRAST ECHOCARDIOGRAPHY: TRANSMISSION OF ECHOES TO THE 
LEFT HEART ACROSS THE PULMONARY VASCULAR BED. 
Attilio Reale, MD, FACC, University of Rome, Rome, Italy 


All available reports on contrast echocardiography indi- 
cate that the echoproducing quality of the various agents 
used is lost during their first passage through either 
the pulmonary or systemic capillary bed. The purpose of 
this study was to investigate the possibility of trans- 
mitting echees to the left side of the heart across the 
pulmonary vascular bed with the use of venous catheteri- 
zation. A balloon-tipped catheter was wedged under flu- 
oroscopic centrol in a pulmonary arterial branch. When a 
satisfactory M-mode or two-dimensional echocardiographic 
display was obtained, the balloon was inflated, an echo- 
producing substance injected through the end-hole and the 
balloon thereafter rapidly deflated. Agents used were:in- 
docyanine green (5-10 mg), saline (5 ml) or CO? (0.5-lLml) 
Observations: were performed in 16 patients (p.j (Gr.1) 
with acquired valvular, ischemic or congenital heart di- 
sease without any oxymetric or angiographic evidence of 
septal defects or aorto-pulmonary communications, and in 
14 p. (Gr.II) with atrial or ventricular septal defects 
or patent ductus arteriosus and documented left-to-right 
shunts (calculated Qp/Qs ratio ranging from 1/1 te 4.3/1). 
Echoes of variable density consistently appeared in the 
left heart. In the p. of Gr.I transmitted echoes were 
confined to the left heart cavities and aorta, in those 
of Gr.Il echoes also appeared in the right atrium, right 
ventricle or pulmonary artery, depending on the site of 
the left-to-right shunt. There were no false negatives 
nor false positives. No complications or side-effects wes., 
re observed. The presumable mechanism of transmission is 
achievement of a high concentration of echoes and/or by- 
passing of pulmonary capillaries through physiologic 
intrapulmonary shunts. 
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CONTRAST TWO-DIMENSIONAL ECHOCARDIOGRAPHY IN INTER-ATRIAL 
SHUNTS: — 

Brian W. Gilbert, MD, FACC; Milutin Drobac, MD; 

Harry Rakowski, MD, Toronto General Hospital, Toronto, 
Ontario, Canada. 


“To examine the reliability of contrast two-dimensional 
echocardiography (2DE) in the detection of inter~atrial 
shunting (IAS), we studied 30 patients (pts): 23 pts with 
secundum atrial septal defect (ASD) and 7 with pulmonary 
hypertension (PH) and IAS. Normal saline (10 cc) was 
injected into a peripheral vein and microbubbles were 
visualized in the right heart. 


“Twenty-two of 23 ASD pts demonstrated (I)positive (+ve) 
‘left atrial (LA) contrast (microbubbles moving from right 
atrium (RA) to LA) and/or (II)negative (-ve) RA contrast 
(microbubble~free blood moving from LA to RA). Twelve of 
23 ASD pts showed both +ve LA and -ve RA contrast. In these 
pts, the shunt ranged from 1.9 to 4.0/1.0. Four of 23 ASD 
pts demonstrated only -ve RA contrast (shunt 2.0-2.6/1.0), 
In 6/23 ASD pts, only +ve LA contrast was visualized 
“(shant F,7~3,8/1.0). In 1/23 pts with clinical ASD, no +ve 
LA or -ve RA contrast could be seen. This pt was found to 
have anomalous pulmonary venous drainage at surgery. 


In the 7 pts with pulmonary hypertension and IAS, all 


SOCHI) had +ve LA contrast but none (0/7) displayed -ve 


“RA contuast, Six of 7 pts had contrast 2DE evidence for 


oo tricuspid regurgitation. 


We conckude that l)all pts with IAS have either +ve LA or 
-ve RA contrast and approximately 50% have both. Shunt 
size cannot be predicted by +ve LA or -ve RA contrast 
alone or-in combination. 2)in pts with PH and IAS, only 
ve LA contrast is seen. 3)if a pt has clinical evidence 
«for an EAS but no evidence of +ve LA or -ve RA contrast, 

. anomalous pulmonary venous drainage should be suspected. 


= IDENTIFICATION OF PROMINENT EUSTACHIAN VALVES BY M-MODE 
-AND TWO-DIMENSIONAL ECHOCARDIOGRAPHY: DIFFERENTIATION 

“PROM RIGHT ATRIAL MASSES 

- William J, Bommer, MD, FACC; Oi Ling Kwan, BS; Dean T. 
Mason, MD, FACC; Anthony N. DeMaria, MD, FACC, University 

of California, Davis, California. 


“No data have been reported regarding the ability of echo- 
eardiography to visualize the Eustachian valve (EV). 
Therefore. we studied 6 patients with abnormal right atrial 
echoes suspected of representing congenitally prominent EV. 
In all 6 patients (pts) abnormal echoes were identified 
during routine M-mode (5/6) or two-dimensional echocardio- 
graphic (2DE) (6/6) scans of the tricuspid valve (TV) and 
fight atrium (RA). Abnormalities on M-mode consisted of 
-cvapidly moving 1-2 mm thick echoes located in the mid RA 
c behind the TV. These abnormal echoes showed anterior 
-movement (mean amplitude = 2 cm) and coarse flutter, in 
_-both systole and diastole. On 2DE-an abnormal rapidly 
“moving linear echo could be seen in all patients with the 
“transducer in a parasternal position directed toward the 
‘RA in a plane oblique to the right ventricular long axis. 
Continuity of the linear echo with the junction of the 
inferior vena cava (IVC) and RA was demonstrated by 2DE 
and confirmed during IVC echo contrast injections. Addi- 
‘tional confirmation was obtained in all 3 patients in whom 
“angiography or autopsy was performed. M-mode and 2DE 
“findings in patients with prominent EV were compared with 
echograms from patients with other RA masses documented at 
catheterization or surgery. Although the abnormal M-mode 
findings were not specific for EV, the 2DE easily dis- 
tinguished EV from RA catheters (5/5), RA vegetations (4/4) 
and. RA tumors (2/2), by demonstrating the origin and the 
spacial configuration of the RA masses. Thus prominent 
EV can veadily be recorded on M-mode and 2DE. Two- 
dimensional echo reliably distinguishes prominent EV from 
other RA masses. 


DEFINITIVE NONINVASIVE ASSESSMENT OF VALVULAR HEART 
DISEASE: SURGERY WITHOUT CATHETERIZATION 

Kenneth M. Borow, MD; Joshua Wynne, MB, FACC; Laurence J. 
Sloss, MD; Lawrence 4. Cohn, MD, FACC; John J. Collins, 
dr., MD, FACC, Harvard Medical School and Peter Bent 
Brigham Hospital, Boston, MA 


Over the past 4 years, 33 patients (pts) ages 16 to 
84 years underwent valve surgery at our institution based 
solely on clinical and ncninvasive cardiac evaluation 
without pre-operative cardiac catheterization (cath). Pts 
with angina pectoris or cther clinica’ evidence of coron- 
ary artery disease were excluded from the study. All pts 
had combined M-mode echocardiographic and phonocardio- 
graphic evaluations of velvular and left ventricular 
morphology and function. in 27/33 pts, marked clinical 
deterioration had occurred within 6 months prior to 
surgery. Twenty-six ots had no history of prior valve 
surgery (group |) while 7 pts had previous valve replace- 
ments or mitral commissurotomy- (group 11). Twenty-four 
(92%) group | and L (57%) group li pts were functional 
class li] or IV at time cf surgery. in all pts, the non- 
invasive evaluation was considered to be sufficiently 
diagnostic of valvular heart disease {8 aortic stenosis, 
4 aortic regurgitation, 6 mitral stenosis, 8 mitral regur- 


gitation, | mitral stanosis/mitral regurgitation, 6 pro- 
sthetic valve dysfunction) to allow surgery without pre- 
operative cath. In all 33 pts, the noninvasive diagnosis 


was corroborated at operetion without unexpected findings. 
Twenty-seven of 33 pts survived the peri-operative period 
and left the hospital clinically imoroved. There were no 
deaths related to incomplete or incorrect diagnosis. 

Thus, in selected pts, appropriate and successful valve 
surgery may be performed solely on the basis of combined 
clinical and noninvasive evaluation without the need for 
cardiac cath. 


LEFT VENTRICULAR MICROCAVITATIONS IN PATIENTS WITH BEALL 
VALVES Lehman K. Preis, MD; John P. Hess, MD; Joseph L. 
Austin, MD; George B. Craddock, MD; Lockhart B. McGuire, 
MD; Randolph P. Martin, MD, University of Virginia, 
Charlottesville, VA. 

In vitro studies have suggested that che release of gases 
from hemolyzing red cells can be detected as microcavita- 
tion (MC) by echo. Twenty-seven patients (pts) with Beall 
prosthesis (BP) were evaluated by two-dimensional echo 
(2DE), combined echo-~phono, and serum LDH levels to as- 
sess the ability of 2DE to detect MC, and to correlate 
this finding with possible prosthetic dysfunction and/or 
red cell hemolysis. Pts with bioprosthetic, Kay~Shiley, 
and Starr-Edwards (SE) valves in the mitral position were 
similarly evaluated. The findings for MC and LDH levels 
in pts with BP are as follows: 








MC in Ventricle LDH (IU) 

Left Rigat Mean (Range) 
Mitral BP (n=17) 11/17 1454(456~2324) 
Mitral BP & Aortic SE (n=7) 3/7 1962 (1058-4350) 
Mitral & Tricuspid BP (n=2) 2/2 9/2 1412(746 ,2078) 


Tricuspid BP (n=1)} 0/1 O/L 289 

The apical four chamber wiew was most sensitive for de- 
tecting left ventricular (LV) MG. Only the pt with the 
isolated tricuspid BP failed to show an otherwise unex- 
plained elevation of the serum LDH level. No MC or signi- 
ficant LDH elevations were observed in the control pts. 
Three of 12 pts with mitral BP who had 2DE and echo~-phono 
showed MC despite a normal A2-opening click interval. To 
date, only 2 pts with mitral BP and MC have required val- 
vular replacement. The remainder of pts with mitral BP are 
clinically stable despite ongoing hemolysis. Thus, spon- 
taneous diastolic MC within the LV may represent hemoly- 
sis of red cells secondary to possible subclinical valvu~ 
lar dysfunction. MC may identify a subset of pts with 
metallic prosthetic valves who warrant close follow-ups. 
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DIFFERENTIATION OF A-MODE ULTRASOUND SIGNALS FROM 

NORMAL AND ISCHEMIC MYOCARDIUM BY MULTIVARIATE 

DISCRIMINANT ANALYSIS OF WAVEFORM PARAMETERS. 

Thomas D. Franklin, Jr., PhD: John K. Cuddeback, PhD, MD; 
T. vi, MEE; Arthur E. Weyman, MD, FACC; 

Kathleen 5. Avery, BS; and Francis J. Fry, MS. Indiana 

_ University School of Medicine and the Indianapolis Center 

< for Advanced Research, Inc., Indianapolis, Indiana 


The major objective cf this study was to evaluate capabil- 
ities of differentiating reflected ultrasound signals from 
nomal and ischemic myocardium by extracting a set of fea- 
tures which. could be used in a statistical decision algo- 
rithm. Pulse-echo techniques were applied to collect 
Acinode. waveforms of the entire transmural myocardium at 
selected times in the cardiac cycle. In opened-chest ca- 
nine experiments, waveforms were digitized before, and at 
1,2 and 4 hrs. after coronary artery ligation. A wideband 
(1-8 MHz), focused transceiver was positioned in a small 
water bag coupled to the antero-lateral aspect of the 
heart. Each waveform was EKG gated and processed into nor- 
malized amplitude, rectified, and power spectrum transfor- 
mations. Thirteen features. were extracted from each trans- 
formed wave at selected windows in range (usually subepi 
and subendo). In 6 acute canine experiments, over 6,000 
waveforms have been analyzed. The multivariate discrimi- 
nate analysis usually selected 5-7 of the 13 features to 
provide the best discriminant function. The classification 
success has been best using the rectified transformation 
with 94.5% (2051/2170) of the unknown waveforms identified 
correctly. The power n gave 92.6% (2038/2201) and 
the amplitude gave 91.4% (2010/2199). The overall success 
- using all three transformations was 92.8% (6099/6570). In 
a Tusion we feel that sufficient changes occurred in the 
-reflected waveform pattern to provide capabilities for 
> differentiation of ischemic and normal myocardium as early 
“as l hour after coronary artery occlusion. 














COMPUTERIZED IMAGE PROCESSING IN CROSS-SECTIONAL 
ECHOCARDIOGRAPHY 


David J. Skorton, MD; Charles A. McNary, PhD; John S. 
Child, MD, FACC; Pravin M. Shah, MD, FACC, University of 
California at Los Angeles, Los Angeles, California 





Quantitative, non-invasive measurement of cardiac struc- 
& ture is the goal of our program of computerized image pro- 
“= gassing of cross- sectional echocardiograms (CSE). The 
tationale is to couple current transducer technology with 
‘@igital image processing techniques. The approach in- 
eludes digitization of the CSE images, spatial and tem- 
Oral registration of individual frames, multiple image 
averaging, analysis of grey-level {GL} histograms for 
threshold selection, and echo intensity thresholding for 
yegin and houtidary (endocardial) definition. Our study 
used ECG-gqated echo frames photographed from phased array 
and mechanical sector scanner displays. The frames were 
digitized and time-averaged to improve signal-to-noise 
ratios (two or more unprocessed frames were averaged for 
each processed image). GL histograms were generated, ex- 
hibiting a multimodal distribution, with modes correspond- 
ing to the left ventricular cavity and various tissue 
regions. A global GL threshold was chosen to separate 
high from low acoustic scattering regions (tissue from 
cavity). Endocardium was defined as the interface bet- 
ween tissue and cavity, and close agreement was found for 
the position of the endocardial outline when compared to 
that obtained with an independent, GL gradient, edge ex- 
traction algorithm. The processed endocardial outlines 
“were validated by comparison to the unprocessed CSE frames 
Scand by comparison to left ventricular minor axis dimen- 
“gions on the standard M-mode echocardiogram. 
We conclude that application of digital computer image 
‘processing algorithms to standard CSE can yield automated 
quantitative measurements of cardiac structures. 
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COMPARATIVE EFFICACY OF CROSS-SECTIONAL ECHOCARDIOGRAPHY 
AND GATED EQUILIBRIUM RADIONUCLIDE ANGIOGRAPHY FOR 
ASSESSING LEFT VENTRICULAR SIZE AND PERFORMANCE 

Mark Starling, MD; Michael Crawford, MD, FACC; Bernard 
Levi, MD; Sherman Sorensen, MD; Kent Richards, MD, FACC; 
Robert O'Rourke, MD, FACC, University of Texas Health 


Science Center and Veterans Administration Hospital, San 
Antonio, Texas. 


Both cross-sectional echocardiographic (CSE) and gated 
equilibrium radionuclide angiographic (RNA) estimates of 
left ventricular (LV) ejection fraction (EF) have compared 
favorably to angiographic (ANG) LV-EF. However, no study 
has compared the efficacy of these two non-invasive tech- 
niques for assessing the ANG-EF in the same patients (pts). 
Accordingly, in 37 pts. undergoing biplane LV cine-ANG 
(Dodge formula), we measured LY end-diastolic volume (EDV) 
and end-systolic volume (ESV) on phased array CSE images 
from 2 orthagonal apical views using a microprocessor con~ 
trolled video light pen system programmed for Simpson's 
rule. RNA-EF was calculated using an R-wave synchronized 
Garma camera-computer system that evaluated equilibrium 
LV time activity curve count information. EDV by CSE was 
significantly smaller than that by ANG (145252 vs 178264 
ml, p<.001), but the correlation between the values was 
excellent (r=.90). Similar results were obtained for ESV 
(74248 vs 85259 ml, p<.001, r=.96). EF by CSE was sig- : 
nificantly less than that by ANG (52+16 vs 55217%, px.005). 0 
but no different from that by RNA (52417). However, the 
correlation between ANG and CSE-EF was better (r=.94) than 
ANG vs RNA-EF (r=.80). Using 51% as the lower limit of a 
normal ANG-EF both CSE and RNA misclassified 3 pts (8%). 
He conclude that: 1) CSE underestimates LV EDV, ESV and 
EF by ANG but they correlate closely; 2) RNA gives similar 
results for EF but they correlate less closely than CSE 
to ANG; 3) both non-invasive techniques correctly 
classify >90% of pts with normal or abnormal EF. 


COMPARISON OF TWO-DIMENSIONAL ECHOCARDIOGRAPHY, GATED 
HEART POOL SCAN, AND LEFT VENTRICULOGRAPHY IN THE DETEC- 
TION OF REGIONAL WALL MOTION ABNORMALITIES. R. Brad 
Stamm, MD; Denny Watson, PhD; George Taylor, MD; George 
Beller, MD, FACC; Randolph P. Martin, MD, University of 
Virginia, Charlottesville, VA. 
In order to compare the detection of wall motion abnormal- .. 
ities (WMA) by two-dimensional echo (2DE) and multiple : 
gated heart pool scan (MUGA), 9 coronary and 5 noncoro- 
nary patients were evaluated with 2DE, MUGA, and left 
ventriculogram (LVC). The heart was divided into 7 seg- 
ments: anterior base, anterior, apex, distal inferior, 
proximal inferior, septal, and lateral. The analysis was 
repeated. upon 5 segments by combining the two anterior 
segments and two inferior segments into one segment each. 
In patients with RAO~LVG only septal and lateral segments 
were excluded. One 2DE was inadequate for evaluation and 
one MUGA was eliminated due to excessive time between 
studies. Comparison of 2DE and MUGA with LVG revealed; 
Normal / Hypokinetic/ A~Dyskinetic/ 
Segs LVG Normal LVG Hypokin LVG A-Dyskin 

17/21 (81%) 23/26 (88%) 13/14 (93%) 

5 6/8 (75%) 14/15 (93%) 14/14 (100%) 
MUGA 7 21/21 (100%) 17/26 (65%) 8/12 (67%) 

5 8/8 (100%) 12/13 (924) 10/12 (83%) 
Four WMA were seen on ZDE, but not on LVG. Mest of the 
discrepancy between WMA as seen by 2DE and LVG occurred 
at the anterior base, while MUGA and LVG differences most 
often occurred inferiorly. We conclude: 1) When 5 seg- 
ments are analyzed for WMA, 2DE and MUGAs are both able 
to detect WMA as seen on LVG. 2) 2DE appears to give het- A 
ter localization of wall motion abnormalities as seen by z 2 
the comparison of the 7 segment analysis with LVG. Hence, ae 
2DE appears to be a reliable method to detect segmental. 
and subsegmental WMA. 
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< SUBCLINICAL. ABNORMALITIES OF LEFT VENTRICULAR 
FUNCTION IN CORONARY PATIENTS DETECTED BY 2-D 
ECHO. James Adams; MD; Shahbudin Rahimtoola, MD; Nelson 
Schiller, MD; J. David Bristow, MD. VA Medical Center and 
_. University of California, San Francisco, CA. 


To define subclinical abnormalities of left ventricular 
funetion {LVF}, we compared short-axis 2-D echos taken in 8 
healthy volunteers (NLS) and 6 patients (PTS) with angiographic 
findings ef coronary disease and normal LVF. Measurements were 
made attest and during handgrip exericise (HGE), before and 
after- nitroglycerin. LV volumes were determined by sequential 
frame analysis of at least 2 beats in each state using a 
_minicomputer lightpen and the area-length method. Total ejection 
fraction (EF) and mean Vef (Vef) in circ/sec, EF and mean Vef for 
othe first third of systole (EF, Vef4),. as well as percent EF 
“ejected im the first. third of systole (%EF} =EF 4+ EFx100) were 
calculated. Heart rate and mean blood pressure were similar in 
-eaeh state in PTS and NLS. With HGE mean blood pressure 
increased 30 +2 mmHg (mean+SE). 
EF Vef EF 


















NLS 


z3 7420, + £ 40. 
PTS 7423 1.320.1 9: 2* 26: 3* 0.720.1+ 
“NLS-HGE 6722 L426.1 © 2522 3723 1.220.1 
PTIS-HGE 7323 4 022 28: 3° Ł 
-NLS-NTG © 7242 1420.1 2722 3723 1.220.1 
PTS-NTG 7813 1,620.1 2643 3224 1.29.3 


*p<.05; +p<.02 

Total EF and Vef were similar in each state for PTS and NLS. 
‘However, ‘first third indices were significantly different at rest 
and with HGE. NTG reversed both resting and HGE abnormalities. 

Our data show that by using 2-D echo subclinical 
abnormalities of LV function can be deteeted in coronary disease 
patients by examining the first third of systole; whereas these 
abnormalities. are not. evident when one looks at end-systolic 
indices, The reversal of these abnormalities with NTG suggests 
that they are related to myocardial ischemia. 


EXERCISE CROSS SECTIONAL ECHOCARDIOGRAPHIC DIAGNOSIS OF 
“CORONARY ARTERY DISEASE 

Joel Morgarmoth, MD, FACC, Chin C. Chen, MD, Daniel 
David, MD, Henry S. Sawin, MD, Masahito Naito, MD, Connie 
Parrotto, Landa Meixell, Lankenau Hospital, Jefferson 
Medical College, Philadelphia, PA 


Cross sectienal echocardiography (CSE) both at rest and 
continuously during supine bicycle exercise was performed 
“prospectively in 20 patients (PTS) undergoing coronary 
angiography. Regional wall motion (RWM) abnormalities 
“were analyzed primarily in the short axis CSE view. 
Adequate endocardial echoes for analysis of studies during 
exercise were seen in 18/20 (90%) PTS. Ten of these 18 PTS 
“were men, 6 had ECG evidence of prior myocardial infarc- 
tion, and 16 had angina. Their mean age was 51 + 11 years. 
The exercise test (ETT) was considered positive if either 
ST. segment depression (> lmm} or classic angina occurred. 
Normal rest CSE RWM remained normal on exercise CSE in 

10 PTS and 7 had normal ETT. Seven £70%) had coronary 
artery disease (CAD) (4-3 vessel, 2-2 vessel, 1-1 vessel) 
_and none of the 7 had had prior myocardial infarction 

or abnormal left ventricular cineangiography. New RWM 
abnormalities on exercise CSE compared to rest occurred 
in 8 PTS and all 8 had positive ETT. CAD was present in 
“7 (6-3 vessel, 1-2 vessel} and one PT had no CAD but 
< occult cardiomyopathy. The location of new exercise RWM 
abnormalities: correlated- directly with the presence of 
high-grade obstruction in the coronary artery supplying 
that segment. RWM abnormality on resting CSE had a 
sensitivity for CAD of 29% and a specificty of 100% 
whereas exercise CSE RWM abnormalities increased this 
sensitivity te 50%. Thus, new exercise-induced RWM 
abnormalities identified by CSE is an insensitive marker 
for the presence of CAD but is highly specific for CAD 
or occult cardiomyopathy. 
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CHARACTERISTIC ALTERATION OF THE RETROGRADE ATRIAL ACTI- 
VATION SEQUENCE IN PATIENTS WITH DUAL ATRIOVENTRICULAR 
NODAL PATHWAY CONDUCTION 


Ruey J. Sung, MD, FACC; Hervey L. Waxman, MD, University 
of Miami School of Medicine, Miami, Florida f 


The sequence of retrograde atrial activation(RAA) due to 
atrioventricular (AV) nodal reentry is considered to be 
distinctly different from that due to ventriculo~atrial 
(VA) conduction by way of an accessory pathway (AP). This 
RAA sequence recorded duriag AV nodal reentry is usually 
related to retrograde fast AV nodal pathway conduction. 

No information, however, is available concerning the RAA 
sequence resulting from retrograde slow AV nodal pathway 
conduction. Using the technique of intracardiac electri- 
cal stimulation we studied six patients(pts) with dual AV 
nodal pathways. Electrograms of the high right atrium 
(HRA), low septal right atrium(LRA) and proximal coronary 
sinus (PCS) at the coronary ostium were simultaneously re- 
corded at a paper speed of 150-250 mm/sec. All pts mani- 
fested discontinuous Ar-Aa, Hy-H and/or Vy-Vo, A,-Ag 
curves suggestive of dual AV nodal pathway conduction. 
During programmed ventricular extrastimulation and incre- 
mental ventricular pacing, retrograde fast AV nodal path- 
way conduction, as expected, resulted in a LRA-PCS~HRA se- 
quence of RAA. Nevertheless, this RAA sequence then either 
gradually or abruptly shifted to a PCS-LRA-HRA sequence 
consequent upon a change from retrograde fast to retro- 
grade slow AV nodal pathway conduction in all pts. We con- 
clude that:(1) anatomically the proximal common pathway is 
a broad area allowing the slow AV nodal pathway to have 

a retrograde exit posterior to that of the fast AV nodal 
pathway; (2) the RAA sequence resulting from retrograde 
slow AV nodal pathway conduction may thus mimic VA conduc- 
tion by way of an AP; and (3) the RAA sequence recorded 
during tachyarrhythmias should be elucidated with caution. 


CLINICAL INCIDENCE OF TACHYCARDIA AND EASE OF INITIATION 
DURING PROGRAMMED ELECTRICAL STIMULATION OF THE HEART 
Hein Wellens,MD,FACC, Frits Bar,MD, David Ross,FRACP, 
Jer6nimo Farré,MD, Edgard Vanagt,.MD. Department of 
Cardiology, University of Limburg, Annadal Hospital, 
Maastricht, The Netherlands. 

The relation between the clinical incidence of tachycar- 
dia (T) and ease of initiation (IN) of T during pro- 
grammed electrical stimulation (PES) of the heart was 
prospectively analyzed in 100 consecutively studied 
patients (P) with T in whom T could be initiated by PES. 
31 P had AV nodal (AVN) T; 17 P ventricular (V) T; 12 P 
atrial {At) T; and in 40 P an accessory pathway (AP) was 
used during circusmovement (CM) T. Incidence of T was 
classified as A > 3x/month; B 3x/month-3x/yr; C < 3x/yr. 
IN of T was classified as by 1) a single premature beat 
(PB); 2) incremental pacing; 3) 2 or more PB's; 4} after 
Atropine. 


Results: 
R B Ç. 
AVNT VT AtT CMT AVNT VT AtT CMT AVNT VT AtT CMT 
1 11 11 4 20 3 1 2 12 i 2 ~ 8 
2 2 - 2 ~ 2 - 1 ~ - - ~ - 
3 - 2 ok - - - = - - -~ i - 
4 8 - = - 3 - = - - - -= - 


In the 75 P where T could be initiated by a single PB 
there was nọ correlation between the width of the tachy- 
cardia zone and the clinical incidence of T, 

Conclusions: 1) There is no correlation between clinical 
incidence and ease of initiation of T during PES; 2} In 
all P with CMT and AP, T could be initiated by a single 
PB, independent of incidence of T; 3) In P with AVNT 
incidence of T seems to be influenced by autonomic 

tone. 


Volume 45 


RECURRENT TACHYCARDIA ASSOCIATED WITH EBSTEIN'S 
ANOMALY, Warren M. Smith, MD; D. Woodrow Benson, MD; 
Augustus Grant, MD; Jonn J. Gallagher, FACC; Duke Univer- 
sity, Durham, North Carolina. 
Nineteen patients with Ebstein’s anomaly were evaluated be- 
‘Cause.of recurrent tachycardia. There were 11 males and 8 
females with an age range of 10-45 years (mean 25 years). 
-Atrial fibrillation had occurred in 5 patients. Reciprocating 
“tachycardia (RT) was documented in 18 patients, 17 of whom 
. had an accessory atrioventricular pathway (AP). The location of 
“the AP was posterior septal (PS) in 11 patients, and right 
posterolateral (RPL) in 10 patients, but never anterior or 
“anteroseptal. Six patients had multiple APs. Four patients had 
both a RPS and a RPL AP, while a further three had a Mahaim 
fiber coexistent with at least one AP. In 1 patient a Mahaim 
fiber was solely responsible for RT. Ventricular tachycardia 
was spontaneously present in. one patient and induced in two 
further patients during electrophysiologic study. The earliest 
ventriculo-atrial (VA min) conduction time during RT was 
measured in 16 patients. The range of VA min was 100 to 220 
msec, with a mean of 176435 msec. VA min was less than 135 
msec in only one instance, a pediatric patient. Complete or 
incomplete RBBB in RT was present in 9 patients. Twelve 
patients underwent attempted section of the AP together with 
tricuspid valve replacement in 5, without mortality. The AP 
was- successfully divided in 10/12 patients. One patient, in 
whom the AP permitted rapid anterograde conduction, conduct- 
ed only- retrograde post-operatively. At surgery, preexcitation 
was invariably localized to the atrialized ventricle. This 
elated with the disposition.of the delta waves on the scalar 
is which suggested inferolateral preexcitation. The long VA 
conduction time appeared to consist both of late activation of 
the local ventricle in the region of the AP, with a further delay 
before excitation of adjacent.atrium. The combination during 
RT of a long VA interval and RBBB should suggest the diagnosis 
-of an AP and Ebstein's anomaly. 


















MECHANISMS OF TERMINATION OF ABERRANT CONDUCTION DUE TO 
RETROGRADE CONCEALED PENETRATION OF THE BUNDLE BRANCHES 
DURING CIRCUSMOVEMENT TACHYCARDIA UTILIZING AN 
ACCESSORY PATHWAY. 


David Ross, FRACP, Edgard Vanagt, MD, Jerónimo Farré, MD, 

Frits Bär, MD, Isaac Wiener, MD, Hein Wellens, MD, FACC. 
Department of Cardiology, University of Limburg, 

Annadal. Hospital, Maastricht, The Netherlands. 


"During circusmovement tachycardia {CMT} utilizing an 
‘aceessory pathway (AP) abolition of bundle branch block 
(BBB) by a ventricular premature beat (PB) has been 
considered evidence for retrograde concealed penetration 
(RCP) of the bundle branches {BB}. Analysis of aberrant 
conduction during CMT in 20 patients with left or septal 
AP revealed multiple. mechanisms for termination of BBB 
by atrial (A) or ventricular (V) PB's. Mechanisms were: 
1) Pre-excitation of the right BB during RBBB without 
affecting the tachycardia (T) interval resulting in 
earlier recovery of the right BB leading to disappearance 
of the RBBB; 2) Premature activation of the ventricle 
(by APB or VPB) leading to advancement of the next QRS 
of the T resulting in change of the critical time 
relations required for RCP; 3) Pre-excitation of any 
part. of the CMT cycle by APB or VPB causing AV nodal 
delay with later activation of the ventricle allowing 
the re-entrant impulse to fall outside the refractory 
“period of the retrogradely penetrated BB. 








‘Conclusion: At least 3 different mechanisms can be 
>o demonstrated during termination of aberrant conduction 
bY a single PB during tachycardia based upon RCP of 
the BB. 
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SIGNIFICANCE OF H-V INTERVAL IN 515 PATIENTS WITH CHRONIC 
BIFASCICULAR BLOCK 

Kenneth M. Rosen, MD, FACC; Ramesh C. Dhingra, MD, FACC; 
Christopher R.C. Wyndham, Mp, FACC; Prakash Deedwania, MD, 
FACC; Edwin Palileo, MD; Robert A. Bauernfeind, MD; 
Steven Swiryn, MD, University of Illinois, Chicago, 
Illinois. 


In January 1975, we reported results of prospective 
follow-up (mean 538 + 42 days) in 119 patients (pts) with 
chronic bifascicular block (BFB), concluding that BFB pts 
with normal and prolonged H-V (NHV and PHV) had similar 
incidence of A-V block and mortality. In this report, we 
update these findings in 515 pts with a follow-up of 21 
days to 9,1 yrs (mean 3.9 + 0.06 yrs). 324 pts (67%) had 
NHV and 191. (37%) had PHV (>55 msec}. The NHV and PHV 
groups were similar in regard to age (NHV vs PHV): (61 + 
0.9 vs 62 + 1 yrs) and sex (79% M, 21% F vs 82% M and 16% 
F). The following were more common (p<0.05j) in pts with 
PHV (number, and $ of pts with finding in NHV vs PHY 
groups): angina (60, 19% vs 53, 28%) congestive failure 
(88, 27% vs 84, 44%), cardiomegaly (158, 49% vs 130, 68%), 
functional class II-IV (113, 35% vs 109, 57%), PVCs (69, 
18% vs 52, 28%), and organic heart disease (OHD) (223, 
69% vs 162, 85%). Spontaneous trifascicular block (TFB) 
developed in two (0.6%) pts with NHV and 9 (4.7%) pts 
with PHV (p €0.05). Five year total cumulative and sudden 
death mortalities were respectively, 38% and 17% in NHV 
and 54% and 28% in PHV (p @0.05 and 4 6.05). In conclu- 
sion, PHV in pts with chronic BFB was associated with a 
greater incidence and severity of OHD, and higher total 
and sudden death mortalities. The risk of spontaneous TFB 
was small in both NHV and PHV pts, although significantly 
higher in the latter (eight times more frequent). Utiliz- 
ing Bayes’ theorem, it is clear that the sensitivity and 
specificity of PHV in predicting TFB, relates to the in- 
herent risk of TFB in the BFB group being studied. 


RIGHT VENTRICULAR FUNCTION AND ANGIOGRAPHY IN PATIENTS 
WITH RIGHT VENTRICULAR TACHYCARDIA WITHOUT ISCHEMIC 
HEART DISEASE 

Raymond Pietras, MD, FACC; Robert A. Bauernfeind, MD; 
Wilfred Lam, MD; Christopher R.C. Wyndham, MD, FACC; 
Kenneth M. Rosen, MD, FACC, University of Illinois, 
Chicago, Illinois. 


Surgical cure of right ventricular (RV) tachycardia iT) 
has been recently described in patients (pts) with 
“arrhythmogenic right ventricular dysplasia”, a disease 
characterized by presence of RV wall motion abnormalities 
{WMA}. To further delineate the pathophysiology of EVT, 
we evaluated RV function (F) and anatomy with catheteriza~: 
tion and biplane angiography in 20 consecutive pts (mean 
age 32 + 11 yrs) with recurrent RVT and no ischemic heart. 
@isease. RVT was diagnosed by ECG and endocardial map- 
ping. Eight of the 20 pts had objective evidence of left 
ventricular disease (LVD) including four with mitral valve 
prolapse (MVP). Seven of eight (89%) of IVD pts had one 

or more abnormalities of RVP; $ RV dp/dt ( 220 mmig/sec) 

(4 pts), SRV ejection fraction (EF) (<43%) (4 pts), PRV 
end diastolic pressure (>7 mmHg) (4 pts). Tricuspid pro~ 
lapse (TVP) was noted in 2/4 pts with MVP. No localized 

RV WMA were seen. In the 12 pts with no LVD, only three 
(25%), had one or more abnormalities of RVF; $ RV dp/dt 

(3 pts), and &RVEF (1 pt). None of these 12 pts had TVP : 
or RV WMA. In conclusion, RVF is usually abnormal in pts s 
with RYT complicating non-ischemic IWD, with TVP sometimes 
accompanying MVP. In RVT pts without IVO, RVF is usually” 
normal and RV WMA are not noted. Localized RV WMA suggest- 
ing “arrhythmogenic RV dysplasia" were not seen in : 
either group. 














ABSTRACTS o 


<. ROLE OF VENTRICULAR FRAGMENTATION IN DEFINING THE MECHA- 
> NISM OF VENTRICULAR ‘TACHYCARDIA IN MAN 


oo Harvey L, Waxman, MD; Ruey J. Sung, MD, FACC, University 
Cof Miami School of Medicine, Miami, Florida 

Ventricular fragmentation(VF)may be observed during expe- 
rimental myocardial infarction in the canine heart.It is 
“postulated that VF is a marker for conduction delay in 

e the ischemic myocardium which is a requisite condition 
‘for development of reentrant ventricular tachycardia(VT). 
Recent studies using intracardiac recordings (ICR) suggest 
that VF can be detected in patients(pts)with chronic VT 


¿io associated with cardiomyopathy (CM) or ischemic heart dis- 


ease(HD With ventricular aneurysm.Nevertheless,no system- 
atic evaluation of VF has been performed in man.To define 
the role of VF in the genesis of VT,we studied 17 pts (12 
without and 5 with VT)during ICR.Of these 17 pts,2 had 
CM,5 ischemic HD(3/5 had ventricular aneurysm),5 rheumat- 
ic HD,2 congenital BD,and the remaining 3 no apparent HD. 
The left ventricular electrogram(LVE) and right ventricu- 
lar electrogram(RVE) were recorded at multiple sites with 
variable interelectrode distances (IED) and filter fre- 
quency settings(¥FS).Following adjustment of ICR location, 
VF was observed in the RVE in 3 pts without VT and 1 pt 
“with VI,but in the LVE in all 17 pts using IED of 1 cm or 
greater and FFS of 40-500 Hz or less.Incremental atrial 


o pacing resulted in ‘progressive prolongation of VF without 


. cleading to VT and the initiation of VT required no ante- 
5> cedent prolongation of VF. Moreover, during VT,interrup- 

tion of VF with ventricular extrastimelation could nei- 
ther reset nor terminate VI.We conclude that:1)recordings 

of VF depend on ICR location, TED,and FFS;2)VF is most 

likely related to intracardiac catheter electrode move- 
ment associated with mechanical systole and diastole,and 
ean thus be recorded in pts with or without VT:and 3)VF 
recorded using ICR probably has no significance in defin- 
ing the mechanism of VT in man. 


NON-CLINICAL POLYMORPHIC VENTRICULAR TACHYCARDIA INDUCED 
BY PROGRAMMED CARDIAC STIMULATION: INCIDENCE AND CLINICAL 
IMPLICATIONS. 

C. Pratap Reddy, MD, FACC; John Sartini, MD, VA and Uni- 
versity of Kentucky Medical Centers, Lexington, Kentucky. 
Acute drug testing during programmed cardiac stimulation 
{PCS) is increasingly relied upon in designing the treat- 
ment of recurrent {R} ventricular (V} tachycardia (T). 
“This approath to the treatment cf RVT is based on the 


opremise that PCS reliably reproduces the morphology and 


rate of spontaneous VT. In order to test this assump- 
< tion, we analyzed the morphology and rate of VT induced 
-by.PCS-in Z0 -patients (pts) with RVT who exhibited only 
one type of yT during spontaneous episodes. The induced 
VT was clinical, i.e. similar to spontaneous VT in 10 pts 
(Group A) and non élinical, i.e. different from sponta- 
neous VI in 10 pts (Group B). During PCS 8/10 pts in 
Group. B exhibited multiple morphologies (polymorphism). 
ST morphology and rate could be changed by changing the 
basic cycle length (2 pts), the method of initiation of 


Set C pt) and by introducing paced V beats during T (5 


pts). The table shows clinical data for both groups. 
pee Group A Group B p value 





= Coronary artery disease 7 pts & pts N.S. 
SOV aneurysm 2 pts l pt N.S. 
. intraventricular conduction 4 pts 8 pts <O.01 
defects (IVCD) 
z H-V, interval (msec) 48413 64419 <0.001 
‘Left V ejection fraction Z- 0.4249 0.3348 <0.01 


CONCLUSIONS: I) VT induced: by PCS is non clinical in 50% 
of: pts with RVT; 2) there-is a frequent asseciation of 
“polymorphic VE-with IVCD, prolonged H-V intervals and de- 
pressed V ejection fraction; 3) polymorphic VT is not pe- 
ciliar to pts with y’ anéurysm and eccurs in its absence. 
Our results may have important clinical implications in 
«identifying pts with RVT suitable for specific modes of 
“drug, pacemaker and surgical treatment. 
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REPETITIVE VENTRICULAR RESPONSES IN PATIENTS WITH LIFE- 
THREATENING VENTRICULAR ARRHYTHMIAS 

Jeremy N. Ruskin, MD, FACC; Hasan Garan, MD; Cardiac Unit 
Massachusetts General Hospital, Bostan, Mass. 


Electrophysiologic studies were performed in 22 patients 
(pts) with recurrent sustained ventricular tachycardia 
(VT) and in 14 patients with a history of recent out-of- 
hospital ventricular fibrillation (VFi unassociated with 
acute myocardial infarction. Programmed ventricular 
stimulation from the rigkt ventricular apex included: 
premature stimulation during sinus rhythm and atrial 
pacing, premature stimulation during ventricular pacing, 
and brief bursts of rapid pacing. A repetitive ventri- 
cular response (RVR) was defired as two or more nonstimu- 
lated ventricular premature depolarizations in response 
to a single stimulated ventricular depolarization durin 
sinus rhythm or atrial pacing. RVR was present in 18% 

Ch oF 72) of the VT pts and I4% (2 of 14) of the VF pts. 
in contrast, premature ventricular stimulation during 
ventricular pacing and bursts of rapid ventricular pacing 
results in the initiation of VToor VF in 91% (20 of 22) 
of the VT pts and in 79% (11 of 14) of the VF pts. We 
conclude that (1) RVR is an insensitive. index of chronic 
ventricular electrical instability in pts with documented 
VT or VF and (2) electrophysiologic evaluation in pts 
with prior VT or VF should include premature ventricular 
Stimulation during ventricular pacing and bursts of rapid 
ventricular pacing. 


ELECTROPHYSIOLOGIC FINDINGS IN PATIENTS SUFFERING CARDIAC 
ARREST 

Mark E. Josephson, MD,FACC; Leonard N. Horowitz, MD,FACC; 
Allan M. Greenspan, MD; Scott R. Spielman, MD; John A. 
Kastor, MD,FACC, Hospital of the University of Penn~ 
sylvania, Philadelphia, Pa. 


Fifty-two patients (pts) resuscitated from cardiac arrest 
(CA) underwent electrophysiological. studies (EPS). There 
were 40 men and 12 women rancing in age from 21-75 years. 
The earliest documented arrhythmia at the time of initial 
or recurrent (15 pts) CA was ventricular fibrillation (VF, 
30 pts), ventricular tachycardia (VT) degenerating to VF 
(VT/VF, 15 pts), and sustained VT (5 pts). In two pts no 
arrhythmia had been documented prior to defibrillation. 
EPS revealed normal sinus node function in 51/52 pts, A-H 
intervals ranging from 45-140 msec with a mean of 85.9 
msec, and H-V intervals ranging from 35-109 msec with a 
mean of 57.6 msec, EPS revealed inducible arrhythmias 
(TA) in 33 pts (63%) and no inducible arrhythmia (NIA) in 
17 pts (37%). Of 30 pts with documented VF, 13 had IA 
(VF in 4 pts, VI/VF in 5 pts, and VT in 4 pts). Of 20 pts 
with VT or VI/VF, 18 had IA (VT in 16 pts and VP/VF in 2 
pts). VT and VT/VF were induced in the two pts with un- 
documented CA mechanism. Pts with IA had longer A-H in- 
tervals than those with NIA - 91.1 vs 76.6 (p <,002) and 
61.4 vs 50.8 msec {p <.007) respectively. Prolonged H-V 
intervals {>55 msec). and intraventricular conduction de- 
fects were each observed in 18/33 (55%) pts with IA ana 
were observed in 5/19 {26%} and 7/19 (37%) pts with NIA 
respectively. We conclude that: a) pts resuscitated from 
CA have a high incidence of IA; b) IA are more frequent 
if the mechanism of CA is YT or VE/VF;.c) pts with IA have 
a high incidence of infra-nodal and intravertricular con- 
duction defects which may predispose to VT, VI/VF and VT; 
and d) EPS may provide data upon which to base therapy in 
pts resuscitated from CA. 
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REPETITIVE BEATING AFTER SINGLE VENTRICULAR EXTRASTIMULI: 
INCIDENCE AND PROGNOSTIC SIGNIFICANCE IN PATIENTS WITH 
RECURRENT VENTRICULAR TACHYCARDIA 

Jay W. Mason, MO, FACG Stanford University, Stanford, CA. 


We have tabulated the incidence of repetitive ventricular 
beating in 59 patients with recurrent ventricular tachy- 
-.eardia in response to programmed single ventricular extra- 
-ostimuld delivered during spontaneous rhythm to clarify a 

‘controversy regarding frequency and prognostic signifi- 
eance of ventricular repetitions. The 44 males and 15 
females had an average age of 51.7 (range. 16-75) years. 
Thirty~four had ischemic heart disease, 28 with prior 
myocardial infarction; 25 had non-ischemic disease, (8 
ceardiomyopathies, 8 no identifiable heart disease, 6 valve 
disease and 3 QT prolongation syndrome.) 





Repetitive beating occurred in only 9 (15%) of the pa- 
tients. The repetitive response seemed to be clearly a 
result of bundle branch reentry in 4 subjects, and pos- 
sibly due to other mechanisms in 5. There was no differ- 
ence in the incidence of repetitive beating or in the 
type of repetitive response in patients with compared to 
patients without ischemic heart disease. During an aver- 
age follow-up period of 13.6 months per patient, there 
were 8 sudden and 6 non-sudden deaths. Life table an- 
alysis revealed a significantly higher incidence of sud- 
den death in patients with ischemic heart disease com- 
pared to subjects with non-ischemic cardiac disease. 
‘There was no significant difference in the incidence of 
udden death in patients with compared to patients with- 
ut repetitive beating. 


Ne conclude that the repetitive response to single ven- 
“tricular extrastimulation is infrequent in patients with 


-c recurrent ventricular tachycardia, and that repetitive 


beating is not a prognostic indicator or an indicator of 
wulnerability to ventricular tachycardia. 


SENSITIVITY AND SPECIFICITY OF PROGRAMMED VENTRICULAR 
STIMULATION IN PATIENTS WITH VENTRICULAR TACHYCARDIA 
Christine J. VandePol, MD; Ardeshir Parshidi, MD,FACC; 
Scott R. Spielman, MD; Allan M. Greenspan, MD; Leonard N. 
Horowitz, MD,PACC; John A. Kastor, MD,FACC; Mark E. 
Josephson, MD,FACC, Hospital of the University of Penn- 
sylvania, Philadelphia, Pa. 


Programmed ventricular stimulation (PVS) has been used to 
@valuate patients (pts) with suspected or documented ven- 
z -tedevlar tachycardia (VT), however its sensitivity and 
Specificity has net been assessed in a large group of pts. 
PVS including single and double premature stimuli and 
rapid pacing was performed in 529 pts during electrophysi- 
elogic study. Symptomatic clinical VT had been documented 
in 86pts. Clinical VT was sustained (VT-S) in 57 pts and 
nonsustained (VT-NS) in 29 pts. Of the pts with VT-S 
clinically, PVS induced VI~S in 52/57 (91%) pts and VT-NS 
in 2/57 (4%) pts. In 3/57 (5%) of these pts no VT was in- 
duced. Of the pts with VT-NS clinically, PVS induced 
VT-NS. in 18/29 (62%) pts, in the remaining 11 pts (38%) no 
VT was induced. Thus, PVS is highly sensitive in identi- 
fying pts with VT-S and moderately sensitive for pts with 
VTI-NS. In the 529 pts, VI was induced in 75 pts, 72 of 
whom had clinical VT. Ail 52 pts with induced VT~S had VT 
clinically and 20/23 (87%) pts with induced VI-NS had VT 
clinically. QRS morphology and axis and tachycardia cycle 
lengths of the induced and clinical VTs were similar in 
each pt. VT-NS was induced in 3/443 (0.7%) pts without 
clinically documented VT. Thus, PYS is highly specific 
for identifying pts with VT, either sustained or nonsus- 
tained. We conclude that VT resembling clinical VT can be 
induced by PVS in almost all pts with VT-S clinically, in 


ae Many pts with symptomatic VI-NS clinically, and rarely in 


pts without previously documented VT. Moreover, induction 
0f VI by PVS predicts its clinical occurrence. 


ABSTRACTS _ 


MONDAY, MARCH 10, 1980 
PM 

RADIONUCLIDE ANGIOGRAPHY 
2:00-5:30 


DETERMINATION OF ABSOLUTE LEFT VENTRICULAR VOLUME 
FROM GATED BLOOD POOL IMAGING WITH AN ATTENUA- 
TION CORRECTED COUNT RATE METHOD 

Jonathan M. Links, BA; Lewis C. Becker, MD, FACC; J. Greg- 
ory Schindledecker, CNMT; Pablo Guzman, MD; Robert D. 
Burow, BS; Edward L. Nickoloff, ScD; Philip O. Alderson, MD; 
and Henry N. Wagner, Jr., MD. The Johns Hopkins Medical 
Institutions, Baltimore, Maryland. 


A new method for determination of absolute left ventricular vol- 
ume (LVV) was studied in 22 pts who had gated blood pool (GBP) 
imaging within 24 hrs of single plane (RAO) contrast ventricu~ 
lography (CV). LAO 40° and anterior views were acquired. A 
radioactive marker was placed on the skin over the LV in the LAO 
view, and imaged during the anterior view. A blood sample was 
withdrawn during the LAO view, and counted on the collimator 
face after completion of both views. LVV at end-diastole (ED) 
was given by the ratio of the attenuation corrected LVED count 
rate in the LAO view to the count rate per ml from the blood 
sample. The LVED count rate was given by dividing the total 
background corrected counts in the LVED region of interest by 
the time per ED frame times the number of cardiac cycles ac- 
quired, Attenuation correction was made by dividing the LVED 
count rate by enud (u=v.of water, d=distance from skin marker to 
center of LV in anterior view divided by sin 40° to yield depth 
of LV in LAO view). This LVEDV was used to calibrate the LV 
time-activity curve, yielding LVV throughout the cardiac cycle. 
The correlation between GBP and CV EDV was 0.96 (GBP=1.06CV 
~ [2 ml); between GBP and CV ESV was 0.96 (GBP=1.19CV - 13 
ml). This method permits determination of absolute LVV without 
geometric assumptions or the use of a regression equation. 


VIEWER SPECIFIED PROJECTION: A NEW METHOD OF COMPUTER 
DISPLAY OF LAO ACQUIRED GATED BLOOD POOL DATA IN ANY 
PROJECTION DESIRED 

Robert A. Vogel, MD; David M. Stern, BA; Dennis L. Kirch, 
MSEE; Michael T. LeFree, BS; Peter P. Steele, MD 
Veterans Administration Medical Center, Denver, CO. 


A new method is presented for the computerized display of 
gated blood pool cineangiograms obtained in the LAO 
projection into any view specified by the observer. The 
method is based upon tomographic acquisition of 8 frame 
per cardiac cycle gated blood pool data using the 7 pin- 
hole collimator - scintillation camera technique. Ini- 
tially, tomographic cineangiograms are reconstructed for 
each of 8 planes spaced 1.0-1.5 cm apart. Using maximum 
radial gradient criteria, the edge of the left ventricle 
(LV) is then determined by the computer for each frame, 
which results in a complete spatial map of the LV surface 
in 3 dimensions. Once accomplished, the ventricular sur- 
face can be reprojected as it would be viewed from any 
point in space, including from inside the ventricle. 
Surface contours are made distinguishable by use of 
shading determined using light reflectivity criteria. 
Included in this process is the determination of the LV 
volume for each tomographic section and for the whole LY. 
Volumes calculated by this method correlated well (r=.98)} 
with those of 8 ventricular phantoms of from 65 to 210 cc 
capacity. Of the innumerable views into which gated 
blood pool studies can be reprojected, the RAO, LPO, and 
inferior surface views appear to be the most clinically 
relevant. The latter, which cannot be obtained directly 
by any conventional methods, is particularly helpful fer 
determination of the septal extent of apical aneurysms. 
Finally, multiple viewer specified projections can be 
displayed simultaneously, all obtained from a single LAO 
projection initial acquisition. 
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MINIATURIZED CARDIAC MODULE FOR CONTINUOUS MONITORING OF 
= LEFI VENTRICULAR PERFORMANCE. USING A SEMICONDUCTOR GAMMA 
» DETECTOR: DEVELOPMENT OF A PROTOTYPE AND INITIAL CLINICAL 
EVALUATION. Harvey Berger, MD, Paul Hoffer, MD, John 
Steidley, PhD, Alexander Gottschalk, MD, Barry Zaret, MD, 
“-FACC, Yale University, New Haven, Ct. 


: A pretotypic miniaturized cardiac module, which allows 

rapid assessment of left ventricular ejection fraction 

- (LVEF) from the ECG~gated cardiac blood pool, has been 

“developed. The module consists of a detector and a colli- 

“mator, weighs 175 grams, measures 3 cm in length and 3.5 
cm in diameter, and is placed directly on the patient's 
(pt) chest in the left anterior oblique position. The de- 
tector is a 1.5 cm? cadmium telluride semiconductor crys- 
tal that has a good (approximately 50%) efficiency for 
Te-99m, The detector, which is affixed directly to a circ- 

ular straight bore lead collimator, is connected to a pre- 
amplifier and low energy supply. After Tc-99m blood pool 

“Labeling (20 mCi), data are recorded for 60 sec on a mul- 

- tichannel analyzer modified to recycle with each ECG R- 

~ Wave. and sort data into 30 msec frames. Using standardized 

: algorithms, the. module is first positioned over the LV and 

then over’a background (bkg) region lateral to the LV. 
Following bkg correction, a high temporal resolution sum 
med relative LV volume curve is obtained. LVEF measured by 

othe module was compared to LVEF obtained by scintillation 
 famera in 13 pts. By camera, LVEF averaged (+SEM) 54+4% 
(range, 29-70%) and. was abnormal (<55%) in 5/13 pts. With 

<o the module, LVEF averaged 55+3% (pNS) and correlated well 

oo with camera data (r=0. 79). En End-diastolic counts prior to 

- bkg correction were 32 +9934+3402. 

oO" Thus, LVEF can be determined rapidly with a miniatur- 

_ ized cardiac module affixed directly to the chest. This 

- hew system should allow continuous menitoring of LV func- 

o-tion in critically ill and ambulatory pts, thereby broad- 

“ening the scope of radionuclide LV function studies. 











LEFT VENTRICULAR DIASTOLIC PERFORMANCE DURING EXERCISE IN 
“CORONARY ARTERY DISEASE: ASSESSMENT OF PEAK FILLING RATE 
-WITE FIRST PASS RADIONUCLIDE ANGIOGRAPHY. Lawrence A. 
Reduto, H.D., FACC;James B. Young, M.D.; Leslie Del Ven- 
tura, B.S.; Donald Glaeser, D.Se.; Mario Verani, M.D., 
FACC; Miguel Quinones, M.D., FACC; Richard R. Miller, M.D., 
a FACC. Baylor College of Medicine, Houston, Texas. 
Data are lacking concerning the effects of exercise (EX) 
on left ventricular (LV) diastolic compliance in patients 
_ (pts) with coronary artery disease(CAD). Accordingly, LV 
‘peak filling rate (PFR), an index of LV diastolic perform- 
ance and ejection fraction (EF) were determined at rest(R) 
vand during maximal upright bicycle EX in 14 normal(N) and 
-40 pts with CAD with high frame rate (20 msec) first pass 
¿radionuclide angiography utilizing a multicrystal scintil- 
dation camera. All N pts increased (>5%) EF from R to EX; 
»mean(+SEM):65+1% to 8242% (p<.001).In 17 CAD pts exercised 
“ to’ fatigae(F),EF increased with EX: S444% to 66+4% (p<.01). 
scinn 23 CAD. pts, ischemia(I) during EX Tesulted in no change 
+52) or decrease in EF 62+2% to 58+2% (p=ns) . All PFR 
ere normalized to- end-diastolic counts. 
{R) PFR {EX} PFR P 
oo NO 27004160 counts/sec 6200+440 counts/sec <.001 
—€AD(F) 2280+200 counts/sec 4260+280 counts/sec <.001 
< CADCI) 2740+180 counts/sec 4200+300 counts/sec <. 05 
>. Mean- increase in PFR during EX was lower in both CAD(F) 
< [1980+236 counts/seċļand CAD{I) [1460+270 counts/sec}than 
oN [3500+240 counts/sec] (p <.001) . In 19 pts with prior 
myocardial infarction, mean (R) EF was 55+3%; PFR at R and 
during EZ did not differ from N pts or remaining CAD pts. 
These data suggest l} PFR, as an index of LV diastolic 
performance, may be obtained at R and EX with first pass 
“radionuclide techniques. 2) EX PFR response was less than 
N in both CAD(F) and CAD(I); 3) despite a normal systolic 
“¥Yesponse during EX, CAD (F) pts manifested abnormal LV EX 
“diastolic performance as assessed by PFR. 
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KULPIFLE GATED BLOODPOOL CAWTAC SCAN (MUGA) DURING 

RIGET ATHIAL PACING (RAP): A SENSITIVE LisVHOD TO DETECT 
eYCCARDIAL ISCHEKIA. 

Dan Pzivoni, ND; Avraham T. “Weiss, HD: Avinoam Bakst, 
nD; Joe L. Rod, ND; Jaan Salomon, AD} Dov Warshaw, ND; 
servyn S. Gotsman, iD; Henri Atlan, HD, Hadassah Univer- 
sity Hospital, Jerusalen, Israel. 


HUGA was performed on 11 patients with angiographically 
documented coronary disease (CAD) and in 7 normais, 
during increasing rates of RAP up to 160/min. Images 
were taken at 45° LAO anc 300 RAC views at each rate. 
Ejection fraction (ZF) wes computed from LAO view and 
wall motion (Wh) was evaluated visually at each pacing 
rate. Significant ST depression was observed in 2 nor- 
nals and 7 CAD patients (Table), A ñon significant in- 
crease was observed in EF in normals. A significant re- 
duction was observed in EF in 9 of the 11 CAD patients. 
Yn analysis revealed reduction in amplitude in the 9 
patients in whom EF decreased during pacing. 
Conclusion: Changes in ¿F and WN are more. sensitive in 
detecting myocardial ischemia during RAF than BCG 
changes. Pacing HUGA is technically easier and probably 
more precise than exercise MUSA, 


FacinG BEG EF + SD 












7 normals 5 2 ZA Si esell 624 6 694131684 7 
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SENSITIVITY AND SPECIFICITY OF EXERCISE 
RADIONUCLIDE ANGIOGRAPHY IN DETECTING 
CORONARY DISEASE 

Patricia McEwan M.D.,F.A.C.C., Glenn E. Newman M.D., 
Steven Port M.D., Mork T. Jpfon M.D., Frederick R. Cobb 
M.D., Robert H. Jones M.D.,F.A.C.C., Duke Medical 
Centre, Durham, N.C. 


The sensitivity and specificity of exercise (Ex) first pass 
radionuclide angiocardiograms (RNA) for detecting coronary 
disease was determined in 144 patients catheterized because of 
chest pain. AH patients underwent upright rest and maximal 
bicycle Ex RNA. All patients had normal rest left ventricular 
function. Twenty-eight control patients had normal coronaries. 
An abnormal rest-Ex response was defined as a failure of the 
ejection fraction (EF) to rise by 0.05 and/or development of a 
wall motion (WM) abnormality. The Ex test was considered 
adequate in 107/144 patients who developed chest pain, ischemic 
ECG changes or 85% of age predicted maximum heart rate. 


All ots Pts with adequate Ex 
Sensitivity EF 76% 85% 
WM 52% 58% 
Specificity EF 50% 76% 
WM 100% 100% 


EF sensitivity increased from 69% in I-vessel disease to 85% in 

3 vessel disease.. Patients with normal coronaries had a 32% 
incidence (9/28) of abnormal EF response to Ex, but none 
developed WM abnormalities. Failure of the EF to increase with 
Ex is a sensitive but not specific indicator of coronary disease, 
while WM abnormalities are specific but not sensitive. Adequate 
Ex stress improves the predictive value of the test. 
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INABILITY TO DETECT CORONARY ARTERY DISEASE AT REST BY 
PATTERNS OF VENTRICULAR EMPTYING USING CONTRAST ANGIO- 
GRAPHY AND RADIONUCLIDE ANGIOGRAPHY 

rr nenb. , Todd Makler, MD, Alfred Bove, MD,PhD, 
FACC, Leon Malmud, MD, David Charkes, MD, James Spann, MD, 


=ou FACE, Temple University Hospital, Philadelphia, PA. 


Fractional left ventricular emptying (FVE) measured by 


“the first third ejection fraction (1/3 EF) has been pro- 


“posed as an indicator of abnormal ventricular function in 
patients with coronary artery disease (CAD). To deter- 


_ mine the value of this index in early CAD with normal 


overall EF, we calculated the percent change of ventri- 
cular volume by computer assisted analysis of 60 frames/ 
sec. biplane contrast angiograms (CON) throughout the 
cardiac cycle in 33 normals (N) and 23 patients with CAD, 
and the gated equilibrium radionuclide time-activity 
curve (RN-TAC) In 8 normals and 6 patients with CAD who 
had both contrast angiography and RN-TAC. Ejection frac- 
tion by CON was normal in both groups (N: 64 + 4, CAD: 
64+ 5). In all patients there was an excellent correla- 
tion of the CON calculated FVE curve and the RN-TAC (R = 
.971). However, there was no difference in FVE at any 
point in the cardiac cycle between normals and CAD by 
either CON or RN-TAC. CON 1/3- EF for N was 15 + l and 
for CAD was 17 + 3 (p > .4).. RN-TAC 1/3 EF for N was 

3 + 2.7 and for CAD was 25 + 4.0 (p > .7). Neither the 
frst third ejection fraction nor the entire point by 
oint ventricular emptying curve measured by either con- 
“trast anglography or RN-TAC can distinguish between nor- 
mal ang CAD patients at rest. 
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DETECTION AND QUANTITATION OF ATRIAL SHUNTS IN ADULTS 
BY GATED RADIONUCLIDE ANGIOGRAPHY 


Edward W. Bough, MD, FACC; Elan J. Gandsman, PhD; Ian D. 
Benham, MD; William E. Boden, MD; David L. North, MS; 
Richard S. Shulman, MD, FACC, Department of Medicine, 
Brown. University, Providence, R.I. 


». A gated radionuclide angiographic (GRA) method for the 
“Measurement of the pulmonic/systemic flow ratio (Qp/Qs) 
in patients with atrial septal defects (ASD) has been 


o developed which is simpler to perform and analyze than 
«the first-pass method which requires analysis of tracer 


‘recirculation in the lung field. Six adults with ASD and 
Jeft=to-right shunts and thirty-three patients without 


oo Shunts-or valvular regurgitation underwent GRA in the LAO 


projection with a 30° caudal slant-hole collimator after 
Te-99m red cel] labeling. End-diastolic and end-systolic 
frames were identified from the time-activity curve (TAC) 
of an initial left ventricular (LY) region and were com- 
puter subtracted to generate a stroke volume image (SVI). 
Use of the SVI allowed accurate re-definition of the ven- 
tricular regions, especially the right ventricular conus. 
These regions were used to generate ventricular TACs and 
to calculate the stroke volume ratio (RVSV/LVSV) which, 
in the absence of valvular regurgitation, is equal to 
Qp/Qs. In thirty-three normal subjects, RVSV/LVSV by GRA 
was 0,944.05 (mSD). The six ASD patients exhibited 
RVSV/LVSV of 1.4 to 3.7_by GRA, al] exceeding the normal 
ange of 0.84 to 1.04 (m42SD). Correlation of RVSV/LYSV 
by GRA and Qp/Qs by oximetry during cardiac catheteriza- 
tion of these six patients was excellent (r = 0.88). We 
conclude that GRA is an excellent non-invasive method for 
“the detection and quantitation of left-to-right shunts in 
adults with ASD. 








ABSTRACTS. 





EVALUATION OF RIGHT HEART FUNCTION IN ADULTS WITH ATRIAL 
SEPTAL DEFECT USING GATED CARDIAC BLOOD POOL SCANNING 
Richard R. Liberthson, M.D., Charles A. Boucher, M.D. , 
FACC, Gerald M, Pohost, Robert E. Dinsmore, M.D. Kenneth 
A. McKusick, M.D., H. William Strauss, M.D. 
Massachusetts General Hospital, Boston, MA 

Right atrial (RA) and right ventricular (RV) function 
was assessed in 21 adult patients (pts) with atrial sep- 
tal defect (ASD) using gated cardiac blood pool imaging. 
Eighteen pts had pre and postoperative (after 6 months) 
scans. Clinical findings, pre and postoperative course, 
and catheterization data were correlated with sean find- 
ings. In all pts, the RA and RY were dilated preoperative~- 
ly. In 9 pts (ages 18 to:42 years, mean 23), RV wall mo- 
tion was normal. All 9 were asymptomatic and had normal 
rhythm; pulmonary-to-systemic flow ratios (Qp/Qs) were be- 
tween 2/1 and 5/1; pulmonary artery systolic pressures 
(PAP) below 30 mmHg; and RV end~diastolic pressures 
(RVEDP) below 8 mmHg. All 9 had uncomplicated ASD repair, 
remained asymptomatic after surgery, and in all, postep- 
erative RA and RV size and wall motion were normal. In the 
remaining 12 pts (ages 36 to 75 years, mean 58), there 
was moderate to severe RV hypokinesis. These pts all had 
preoperative symptoms; 5 were in atrial fibrillation; 7 
had clinical heart failure; one had. Eisenmengers' physioi- 
ogy; Qp/Qs was between 1.7/1 and 3.0/1 (excepting the pt 
with Eisenmengers'); PAP exceeded 30 mmHg in 9; and RVEDP 
exceeded § mmHg in 6. Although symptoms and RV function 
improved in the 9 who had. ASD repair, unlike those with 
normal preoperative RV wall motion, only one had normal 
postoperative function and became asymptomatic. 

In conclusion, cardiac imaging illustrates the close re- 
lationship between RV function and pre and postoperative 
clinical course in pts with ASD. Although postoperative 
RV function improves in all pts, it does not become nor- 
mal in those with decreased preoperative RV wali motion. 





FIRST PASS RADIONUCLIDE WALL MOTION: ABNORMALITIES 
ASSOCIATED WITH MITRAL VALVE PROLAPSE SYNDROME, 
Jack W. Fkeming, MD; E. James Andrews, MD; Nathan 
Arenson, MD; Tni J, Baltagas, MD; Aubrey T. Hornsby, 
MD; D. Bauce MeCraw, MD; J. Curtis Williams, MD; Mickael 
Mello, RT; Medical Center Clinic, Pensacola, Florida. 

This report concerns our experience with {irst pass 
(FP) sest-exercise radionuclide angiocardiogram{RNAC) 
studies in.75 patients (pts) with mitrat valve prolapse 
(MUP) confiamed by echocardiograms {E}. 27 pts had 
coronary angiography. 5 pts had thallium stress seinti- 
graphy. Some pts with MVP also had significant obstructive 
coronary disease (CAD}. "Cardiomyopathy" (CM) was common in 
our pts with MVP. Our studies indicate that MVP pts with 
normal coronary angiograms <nequently have abnormal pat- 
terns of wall motion abnormality WMA], regional ejection 
fraction images [REFI], and global Left ventricular (LV) 
ejection {ractionl(EF) rxesponse to exercise. In addition, 
MUP pts often have characteristic patterns seen in the 
FP-RNAC: a) a smalt bulge (B) is seon in the region of the 
Left atrium during systole; 6) the LV infeno-basilar : 
border becomes straightened and horizontal during systole. 
WMA and/or B were less common(30$) in MVP pta with E 
hammock deformities of the anterior mitral valve Leagtet 
than in other MVP pts (81). 
CONCLUSIONS: 1) MVP {nequentéy is associated with sigri- 
ficant segmental and diffuse WMA. 2) Some of these WMA may 
be due to cardiomyopathy of diverse etio£ogy; some may be 
nekated to genetically induced or other pathophysiologic 
structurat and biochemical myocardial abnormalities, - 
independent of ischemie etio£ogy. 3) MVP-WMA may interjere 
with or be confused with WMA associated with CAD. 4) Resocci 
gional and global WMA associated with MUP may be present, — 
coincidentally, in pts with CAD; CAD may not be related to 
WMA in segments uninvolved by CAD; global LVEF response te 
exercise in these pts may not reflect the degree of ee 
relevance of CAD. 








February 1980 The American Journal of CARDIOLOGY Volume 45 409 


ABSTRACTS 


NON-INVASIVE MONITORING OF CARDIAC TRANSPLANTS 
: -Steven R, Bergmann, PhD; Rene A. Lerch, MD; Jeffrey E, 

Saffitz, MD: a Lee, MD; Burton E. Sobel, MD, FACC, 
Washington University; St. Louis, Missouri. 


“To determine whether rejection of allogeneic cardiac transplants 
-an.be monitored non-invasively with an approach adoptable for 
< positron emission tomography, we injected Vindium ( | In)- 
«labeled cells prepared from autologous lymphocytes in rats with 
: heterotopic cardiac transplants. Donor hearts from 37 Wistar-Furth 
© (WE) or Lewis (L) rats were onastomosed to the abdominal aorta and 
“vena cavae of Lrecipients, In 22 technically successful alloge- 
oneic transplants (i.e, beating for 72 hr after surgery), rejection 
-- (loss of. contractionand electrical activity) occurred 7.4 + 1.3 (SD) 
- -days after transplantation associated with extensive myocardial 
< infiltration by plasma cells and lymphocytes. In 15 corresponding 
- Isogeneic transplants, contraction and electrical activity remained 
intact without any microscopic criteria of rejection, Twenty-four 
_ hours-after injection of recipient animals with '!'In-lymphocytes 
at selected intervals after transplantation, radioactivity was 
_-essayéd in both autologous and transplanted hearts in each animal 
before (externally) and after (in tissue samples) sacrifice, Externally 
detectable labeled cells accumulated progressively with time after 
_ transplantation in allogeneic but not isogeneic transplanted hearts 
with peak accumulation concomitant with functional and micro- 
scopic criteria of peak.rejection. The ratio of activity/g of trans- 
planted compared to autologous hearts from animals with 7 day old 
transplants determined by gamma spectrometry was 8.9 + 1.4 
(p.< .001). In contrast, this ratio did not differ significantly from 
unity in animals with isogeneic transplants. Thus, rejection of 
allogeneic cardiac transplants can be detected and monitored 
- externally with autologous '''In-lymphocytes permitting potential 
evaluation of the efficacy of anti-rejection therapy in vivo. 


ADRIAMYCIN CARDIOTOXICITY - ASSESSMENT OF LATE LEFT VEN- 
“TRICULAR DYSFUNCTION BY RADIONUCLIDE CINEANGIOGRAPHY 

John S. Gottdiener, MD; Douglas J. Mathisen, MD; Jeffrey 

S, Borer, MD, FACC; Robert O. Bonow, MD; Charles E. Myers 

MD; Stephen L. Bacharach, PhD; Michael V. Green, MD; 

Steven A. Rosenberg, MD, NHLBI, and NCI, NIH, Bethesda, Mdi. 





Adriamycin is an effective antineoplastic agent associ- 
ated with dese dependent impairment of left ventricular 

¿o funetion. While left ventricular dysfunction usually ap- 

pears during or shortly after treatment with adriamycin, 
lost patients (pts) do not survive long enough to deter- 

: mine how long the cardiac effects of adriamycin persist 
-after the drug has been completed. In order to determine 
-the presence of left ventricular dysfunction in pts who 
“did not evidence overt cardiomyopathy during adriamycin 

therapy, we studied 21 pts in two groups, matched for age 
and therapeutic regimen, who sustained long term remission 

Of soft tissue sacrcoma following 6 months of adjuvant 

< therapy with adriamycin 500-550 mg/m2. Ejection fraction 

at rest and during exercise was determined in 11 pts 

“(Group A) l-12 months (median 4.8 months) and in 10 pts 

Group B) 2-3 yrs (median 2.5 yrs) after completing adri-~ 
amycin. Left ventricular ejection fraction at rest was ab- 
‘onormal (<45%) in 4 of 10 Group A pts (av=474+3%, normal av 
S142, p<.0C5) and was abnormal during exercise (<55%) in 

3 of 10 pts (ave53+4%, normal ave71+1Z, p<.005). Left ven- 

tricular dysfunction persisted in Group B pts as evidenced 
by decreased ejection fraction at rest in 2 of 9 pts (av 
51432, p<.01) and during exercise in 6 of 9 pts (av 55+ 
3%, p<.005). There was no significant. difference in ejec- 
tion fraction at rest or with exercise between Group A and 
‘Group B pts. Hence, left ventricular dysfunction: 1) is 
evident following adriamycin in half of asymptomatic pts, 
even at "acceptable" cumulative doses of 550 mg/m2, and 

2) may persist for several years without improvement. 
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CAN HYDRALAZINE THERAPY FOR SEVERE, CHRONIC, HEART 
FAILURE BE SAFELY AND EFFECTIVELY INITIATED OUTSIDE THE 
HOSPITAL? 

Stanley Rubin, MD, FACC; Harold Marcus, MD, FACC; 

HJC Swan, MD, PhD, FACC, Cedars-Sinai Medical Center, 
Los Angeles, California 


Initiation of vasodilator therapy in chronic heart fail- 
ure patients requires knowledge of side-effects as well 
as knowledge of a dose-response relationship. We studied 
24 severe, chronic, heart failure patients (NYHA Class 
III or IV) who were in stable condition and who were elec- 
tively admitted to the hospital. for hydralazine therapy. 
History, physical, ECG and rhythm strips, routine labora- 
tory tests and invasive hemodynamic monitoring were used 
to evaluate response to increasing doses of hydralazine. 
Hydralazine caused severe complications in 21% (5/24): 
onset or worsening of angina pectoris in 9% (2/24); sub- 
endocardial infarction in 4% (1/24); severe renal insuf- 
ficiency in 4% (1/24); tachycardia-hypotension in 4% 
(1/24). Hydralazine caused arrhythmias in 8% (2/24): 
junctional tachycardia in 4% (1/24}; isorhythmic A-V dis- 
sociation in 4% (1/24). Dose response relationships were 
examined. A single 20 mg intravenous dose of hydralazine 
did not increase cardiac output in 17% (4/24). Incremen- 
tal oral doses of hydralazine increased cardiac output 
>0.5 1/min/m* in the other patients but the required 

dose ranged from 50-150 mg q6h among the responders. This 
effective dose could not be predicted from initial clini- 
cal or hemodynamic data. We conclude that hydralazine can- 
not be safely or effectively initiated in an outpatient 
population of severe, chronic heart feilure patients be- 
cause of the unpredictable occurrence of side effects and 
because of the inability to predict an effective dose. 


MECHANISM OF IMPROVED CARDIAC PERFORMANCE WITH AFTERLOAD 
REDUCTION IN AORTIC INSUFFICIENCY. Barry Greenberg, MC, 
FACC, Edward Murphy, MD, FACC, Henry DeMots, MB, FACC, 
Shahbudin Rahimtoola, MB, FACC, University of Oregon 
Health Sciences Center, Portland, Oregon. 


The effects of isolated afterload reduction in patients 
(pts) with aortic insufficiency (AL) are uncertain. Pre- 
vious studies using parenteral vasodilators have shown 
improved hemodynamics, however the results are compound- 
ed by dual effects of the drugs on venous capacitance as 
well as afterload. In order to determine the effects of 
isolated afterload reduction we studied the effects of 
hydralazine (H), a drug whose predominant effect is to 
reduce systemic vascular resistance (SVR}, in 8 pts with 
chronic severe Al. 

All pts were catheterized and had isolated severe Al. 
End diastolic volume index (EDVI} was 192212 cc/mé. 
Ejection fraction (EF) was .5424 and was reduced in 3pts. 
Regurgitant fraction {RF} was .64+3. 

Hemodynamic measurements and left ventricular [LV) an- 
giography were performed pre and post intravenous H 
(0.3mg/kg). H increased heart rate from 78:4 to 92:10 
(p<.01); cardiac index from 3.04.2 to 5.22.5 L/min/mé 
(p<.001); stroke volume index from 4023 to 5725 ec/mé 
(p<.01); H reduced arterial pressure from 90+10 to 84: 
12 mmHg (p<.01), LV end diastolic pressure from 2145 to 
1343 mmHg (p<.10) and SVR from 1221296 to 699293 dynes- 
sec-cm-5 (p<.001). Neither EF, EDVI ner total stroke vol- 
ume changed significantly. However, regurgitant stroke 
volume was reduced from 70110 to 5329 cc/me aa. and 
regurgitant fraction from .64+.03 to .47+.05(p<.001) 

These data suggest that isolated afterload reducticn 
improves cardiac performance by favorably redistributing 
LV stroke volume so that forward flow increases while RF 
is reduced. Changes in EF do not appear of major impor- 
tance. H therapy is of potential value in pts with AI. 
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LONG TERM IMPROVEMENT IN LEFT VENTRICULAR 
FUNCTION AFTER PRAZOSIN THERAPY. 


Stephen A. Goldman, MD; Lynne L. Johnson,M.D. 
Edith Escala,BS; Paul J. Cannon, M.D. FACC; 

; j . College of 
Physicians and Surgeons, Columbia University, 
SNY, N.Y. 


oc. study the effect of Prazosin (PZ) therapy 
in deft ventricular function in patients with 
chronic stable heart failure, first pass 
radionuclide angiography at rest (re) and exer- 
cise (ex) was performed in 15 patients before 

“PZ and after 7-12 weeks of PZ therapy. There 
Was no significant change in resting ejection 
fraction (EF) before and on PZ (36114% vs 
37414%, however ex EF increased from 34114% to 
42417% (p¢.01). The difference in EF from re 
to ex (EF response) changed significantly from 
-246% before PZ to +547% during PZ (pg€.01). 
Exercise duration increased from 368182 sec. 

to 476482 sec. (p€.01). Total work capacity 
measured in kilojoules increased from 12.6418.3 
to 18,.6410.4 (p€.01).. The improved EF response 
on PZ correlated with the improved work capac- 
ity (r=0.69, p¢.01) and exercise duration 
(p=0.59,p.05). This improvement occured de- 

= ppite a significant weight gain on PZ from 72.2 
= 420:8 kg to 73.5220.8 kg (p¢.01). 

oo@hese data suggest that the change in work 

capacity achieved on PZ during ex can predict 

the. EF response. The beneficial long-term ef- 

fects of. PZ on LV function may only become 

evident during exercise and thus may explain 

=the negative results seen by other investi- 

- gators. 








LONG TERM TRIMAZOSIN THERAPY IN CARDIAC FAILURE. Karl T. 
Weber, MD FACC, James S. West,MD, Gary T. Kinasewitz,MD, 
Joseph S. Janicki, FhD, Nathaniel Reichek,MD, and Alfred 
P. Fishman,MD,FACC, U. Pennsylvania, Philadelphia, Pa. 
The influence of long term vasodilator therapy on the 
exercise capacity of pts with failure remains uncertain. 
Toward this end, a deuble blind study was undertaken to 
assess the response in graded treadmill exercise (E;symp- 
tomatic maximum) to vasodilator therapy with trimazosin 
A(T,.3-.9g daily).Twenty-five pts with stable,chronic(.5- 
6yrs)failure of varying: severity(5,class I1;11,lIl;and 9, 
=i IVyand. etiology(aertic or mitral incompetence, cardiomy- 
““Spathy, and ischemic heart disease)have been followed for 
periods up to 37 wks. Echocardiegraphic LV size and short- 
ening were determined at rest while exercise performance 
was assessed by monitoring respiratory gas exchange and 
air flow before(B)and after randomization of placebo(P, 
i2ptsjand T(i3pts).Eleven of 12 pts on P for 6 wks were 
then given T.The mean values for E time(sec),peak 02 up- 
take (VO2,cc/min/kg),anaerobic threshold(AT,sec),and the ` 
change from resting to end E in 02 pulse(A02P,cc/kg/beat), 
measured at B and 4-6 wks{ty)and 12-18 wks(t2)of T ther- 


apy are given below: 
Cas RE 
| B ti t2| Bei c2 [Bi t2 TB ri t2 | 
IV 
We found: a) a significant (p<.05)increase in E,VO02,AT and 
AUP in each class IL and III pt and 6 of 9 class IV pts 
crpeceiving T and which was not apparent with P;b)no sig- 
“nificant alteration in resting LV diastolic dimension or 
short ening with T or P; and c)no evidence of drug toler- 
arice.Thus,T is a promising new vasodilator which provides 
““gustained augmentation in effort tolerance, aerobic: capa- 
city and 0, delivery in pts which chronic failure. 



















IS THE VASOCONSTRICTION OF CHRONIC HEART FAILURE RELATED 
TO THE RENIN ANGIOTENSIN SYSTEM? 

Leon Stein, MD, FACC; Myron Weinberger, MD; Peter R. 
Foster, MD, FACC; Indiana University Medicai Center, 
Krannert Institute of Cardiology, Indianapolis, Indiana. 


The importance of the renin angiotension system in the 
homeostasis of heart failure (HF) has been recently empha~ 
sized. Plasma renin activity (PRA) rises during acute HF, 
is usually suppressed during chronic HF and would be ex- 
pected to rise significantly when systemic vascular resis- 
tance (SVR) and mean arterial pressure (AP)fall during va~ 
sodilator therapy (VDT). We studied the relationship be~ 
tween PRA and the fall in SVR and AP induced in 8 patients 
with chronic HF by direct muscle relaxation with Na Nitro=.- 
prusside (NP} and alpha adrenergic blockade with Prazosin 
(Pz). After infusion of NP, patients had clinical titrat- 
ion with PZ (average 6 days). PZ was withheld for 24 hrs 
and measurement repeated before and during PZ. ‘This seq- 
uence was repeated after 10 weeks of PZ therapy. Baseline 
pulmonary artery wedge pressure averaged 28+6 torr, card~ 
iac output 3.2+1.2 l/m, SVR 251341210 des", AP 103412 
torr and PRA 5.3+5.4 ng/ml/3 hr(normal 2 to 10). NP prod- 
uced a significant drop in SVR, (p©.02) and AP (p<.001) 
and PRA increased to 8.9+10.7 (NS). There was no correlat- 
ion between the drop in AP or SVR and PRA before or during 
NP. After titration PZ induced a significant drop in SVR 
(p <.001) and AP (p <.02), and PRA decreased from 7,143.9 
to 6.45.7 (NS). The drop in AP and SVR correlated with . 
PRA before (p<.01) but not during PZ. After 10 weeks PZ 
produced. a significant drop in SVR, (p¢.02) and AP (p< > 
.005) and PRA decreased from 6.5+5.2-to_5.2+5. (NS). There 
was no correlation between the drop in AP or SVR, and PRA 
before or during PZ. CONCLUSIONS ~ The PRA is often in- 
appropiately normal in chronic HF and usually does not 
increase nor correlate with the fall in SVR and AP. during 
acute VDT with NP and chronic VDT with PZ. 


ORAL CAPTOPRIL IN AMBULATORY MANAGEMENT OF SEVERE CONGES- 
TIVE HEART FAILURE: SUSTAINED BENEFICIAL EFFECTS ON VEN- 
TRICULAR FUNCTION WITH 6 MONTHS THERAPY SHOWN BY CARDIAC 
CATHETERIZATION, NUCLEAR SCINTIGRAPHY, ECHOGRAPHY, TREAD~ - 
MILL EXERCISE AND SYMPTOMATOLOGY ; 
Dean T. Mason, MD, FACC; John Hermanovich, MD; Mark Even- 
sen, BS; Najam A. Awan, MD, FACC, Univ. Calif., Davis, CA. 

To provide effective ambulatory vasodilator therapy in 
severe chronic congestive heart failure (CHF), the long- 
term effects of prolonged administration of the oral angio- 
tensin converting enzyme inhibitor, captopril (CPT) were 
evaluated by cardiac catheterization, nuclear scintigraphy 
{MUGA}; echocardiography (ECHO), treadmill exercise (TEX). < 
and symptomatology (FC) after 6 months of continuous thers 
apy in 8 patients with severe CHF. Measurements included: 
LVFP = left ventricular filling pressure, mmHg; CI = cardi~ . 
ac index, L/min/M?; SI = stroke index, ml/beat/M?; TSVR. =: 
total systemic vascular resistance, dsc; EF = MUGA ejec- 
tion fraction, %; EDD = ECHO LV end-diastolic dimension; 
TEXD = TEX duration, seconds; NYHA FC. 


* = p<0.05, ** = pc0.02, + = px<0.001, 


LVFP CTI SI TSVR EF EDD TEXD re 
Control 23 2.0 26 1800 21 65 339 3.7 
CPT-Initial 15** 2.4** 32** 1309** 
CPT-6 month 15** 2,3* 32** 1423** 30** 60%* 499% = 2.3+ 


Thus initial beneficial hemodynamic effects of CPT on pre~ 
drug abnormal CI, SI, LVFP and TSVR were maintained during 6. 
months chronic ambulatory therapy. Moreover, § months 
evaluation demonstrated considerable elevations of lowered. 
LV ejection fraction and exercise tolerance while enlarged 
intra-LV dimensions and size were decreased. This CPT. 
augmentation of hemodynamics and physical activity resulted 
in considerably improved NYHA FC. Thus, chronic orai- 
captopril provides markedly salutary sustained effects .on 
cardiac performance in otherwise refractory CHF. : 


CPT vs Control: 
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io CHARACTERIZATION OF THE INOTROPIC AND BIOCHEMICAL PROPER- 

<< TIES OF AMRINONE ~~ A NOVEL CARDIOTONIC AGENT. Marion S. 
Gaide, PhD; Stephen P. Baker, PAD; Alan M. Ezrin, MS; 

Lincoln F, Potter, MD; Henry Gelband, MD, FACC; Arthur L. 

Bassett, PhD, University of Miami School of Medicine, 

= Miami, Florida 33101, 


The inetropic activity of amrinone, a bipyridine deri- 
n Mative, (MW = 187,2) was assessed in isolated cat ven- 
tricular muscles during 1) phasic isometric contractions 
(0.5 Hz) in warm Tyrode's solution (4 mM Kt, 150.8 mM 
Nat), and 2) maintained depolarization and contracture 
| induced by high K+ Tyrode's (133 mM Kt, 21.8 mM Nat). 
Amrinone (5 x 1076-5 x 1074M} increased peak contractile 
force in a concentration-dependent manner while reducing 
Kt-induced contracture force. An increase in active con- 
tractile force and a reduction in Kt-contracture is a 
“catecholaminergic-like" action in cardiac muscle; how- 
ever, these inotropic effects persisted even during a 
high level of B-adrenergic blockade induced by 1073M 
nadolol. To determine whether amrinone's action is due 
“to direct activation of B-receptors, competitive binding 
~cagsays with 10-nM (-)-(3H) dihydroalprenolol (DHA) in 
10,1% aséerbic acid were carried out on -receptors in cat 
“ventricular membranes. No significant displacement of 
DEA occurred with amrinone concentrations of 1 uM to 0.5 
SW At EF mM, amrinone inhibited DHA binding to 8-recep- 
ters by only LOZ. We suggest that amrinone's positive 
inotropic effect is not due to direct &-receptor activa- 
tion, Reduction in Kt-contracture may result from 
amrinone's enhancement of subcellular sequestration of 
ca2t; this, in. turn, may increase the Ca2+ pool associ- 
ated with initiation of phasic contraction. 


THE. EFFECT OF TERBUTALINE ON LEFT VENTRICULAR 

"FUNCTION AND SIZE 

Robert Slutsky, MD; Wayne Hooper, MD; Kenneth Gerber, MD; 
Guy Curtis, MD; Joel Karliner, MD, FACC; William Ashburn, 

MD University of California, San Diego. 


To assess the response of the left ventricle (LV) to subcutaneous 

- terbutaline TT), a proposed B2 selective agonist, we evaluated 12 
“patients (pts) with previous myocardial infarctions using equili- 
brium radionuclide angiography. Six pts had normal global LV 
function (LVEF >.49) (Group l) and 6 pts had depressed global LV 
-function (LVEF < .49) (Group ID. 


Group | Rest 10-15 25-30 55-60  125-130* 
EDV 144416 122417 1164 16f 126416 139415 
SV BE+8 86t8 86 +10 86 +10  87+8 

EF 642 04 714 04 1.742.047 .69t,.04 644. 

Group H 

EDV 14047 «124411 115410 125410 132ł+7 
$V 5743  42t4f 60+eF 57+3 5543 


EF -354.03 46t .04F 48+ 044 45+ 04 40+ .03 
“*Minutes after terbutaline ; EDV = end-diastolic volume; SV = 
stroke volume #p <01 vs rest 
: Cardiac output (CO) increased 30% in Group li pts because of an 
‘Increase in SV, with little increase in heart rote (+ 3.1 bpm, p = 
ENS). CO increased 7% in Group | due to an increase in HR of 
7 beats per minute. (+ 9%) with little change in stroke volume. in 
both groups EDV and ESV declined with an increase in EF. We 
conclude that T exerts its most beneficial effect on LV function in 
patients with depressed global resting LV function, and may prove 
to be a useful inotropic agent in patients with congestive heart 
failure. 


COMPARATIVE EFFECTS OF ORAL PIRBUTEROL VERSUS INTRAVENOUS 
DOBUTAMINE. ON LEFT VENTRICULAR FUNCTION AND ENERGETICS IN 
CHRONIC CONGESTIVE HEART FAILURE: UNIQUE ADVANTAGE OF 
PIRBUTEROL DUE TO VASODILATOR AND INOTROPIC. PROPERTIES 


Najam A. Awan, MD, FACC; John Hermanovich, MD; Dean T. 
Mason, MD, FACC, University of California, Davis, Ca. 


Intravenous dobutamine (DB) markedly augments left ventri- 
cular (LV) function by increasing contractility. To evalu- 
ate if oral pirbutercl (PBT) similarly improves LV perfor- 
mance, the hemodynamic effects of PBT {20 mg) were compared 
with DB {20 ug/kg/min) in 7 patients with severe chronic 
congestive heart failure (CHF). Measurements included: 
heart rate (HR), bpm; mean blood pressure (MBP), mmHg; LV 
filling pressure (LVFP), mmHg; cardiac index (CI), L/min/M*; 
stroke index (SI), ml/beat/M*; stroke work index (Swi), 
gm-m/M*; total systemic vascular resistance (TSYR)},dsc™5; 
HR x systolic BP product (MVO, index). Drug p vs C 
{control}: * =<0.05, and + =<0.01. 


HR MBP LVFP CI SI SWI TSVR MYO? 


c 77 73 26 1.8 23 l€ 2137 39096 
DB 77 77* 22 2.3% 30% 23* 17577 10185+ 
c 80 77 27 1.7 22 16 2299 $812 


PBT 82 72 194 2.6} 30* 22* 1370+ $757 


Thus oral PBT produces DB-like improvement in cardiac func~ 
tion, decreasing excessive LVFP and raising lowered CI. 
Importantly, while HR and BP were unchanged with both 
agents, and CI rise (PBT 49%, DB 33%} similar; PBT effected 
greater concomitant decline in TSVR and in LVFP (~25%) than 
D3 (-14%) (p<0.05). Moreover, DB raised MVO, but was 
unchanged by PBT. Thus PBT has greater vasorélaxant ef- 
fects than DB besides its considerable stimulation of con- 
tractility. This combination of substantial vasodilator 
plus marked inotropic actions provides oral pirbuterol with 
unique salutary properties for chronic CHF therapy; initial 
PBT ambulatory use has substantiated sech benefit. 


DIGOXIN: THE ACUTE. EFFECTS OF VASODILATOR THERAPY ON 
RENAL METABOLISM 

John J. Cogan, MD; Michael H. Humphreys, MD; C. Jeffrey 
Carlson, MD; Elliet Rapaport, MD, University of Califor- 
nia at San Francisco, San Francisco, California. 


In eight patients with functional Class ILI-IV congestive 
heart failure of various etiologies, renal digoxin excre- 
tien (UVd) and clearance (Cd) was calculated by measuring 
plasma and urine concentrations of digoxin by radicimmu- 
noassay. Cardiac output by thermodiletion (CO), glomeru- 
lar filtration rate (GFE} by the clearance of Iethalamate, 
and renal plasma flow (RPF) by the clearance of P- 
aminchippurate were measured. Fractional excretion of 
digoxin (FEd) was calculated as Cd/GFR. After a baseline 
control, nitroprusside (NP) was administered (mean dose 
130 ug/min). A second control period followed which was 
not significantly different from the first, and hydrala~ 
zine (HZ) was given intravenously (mean dose of 34 mg). 
Results: (p< .05 level to be considered significant.) 
During both the control periods CO, GFR, and RPF were re- 
duced. Both NP and HZ preduced the expected improvement 
in cardiac output although the magnitude of increase was 
greater with HZ (NP 3.5 to 4.7 liters per min.; HZ 3.6 to 
5.8}. GFR did not increase significantly with either 
drug. The Cd was significantly increased with NP (103 = 
55 to 152 È 76 ce/min) and with HZ (104 = 66 to 155 t 
117}. The FEd also rose significantly (SP 1.7 È .4 to 
2.4 È 18; EZ 1.9 = .8 to 2.1 È .8). The exeretion of 
digoxin (UVd) was significantly increased only with HZ 
(58 È 29 to 84 È 71 ng/ mi.) Cd was higher than GFR as 
expected during control and remained significantly higher 
with drug treatment. Conclusions: 1) The Cd and FEd 
rose significantly with both NP and HZ even though GFR 
did not change. 2) The UVd increased with HZ but not NP. 
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COMPARISON OF THE RESPONSE OF DEPRESSED AND 
NORMAL MYOCARDIUM TO ACETYL STROPHANTHIDIN 

John F. Williams, Jr., MD, FACC; Babu Mathew, 
University of Texas Medical Branch, Galveston, 
Texas. 

it.is known that the magnitude of the inotropic 
=- response to digitalis glycosides is greater in 

; failing than in non-failing myocardium. How- 
ever, it is unclear whether the dose-inotropic 
relationships differ in other ways. Thus, we 
“studied the effect of increasing concentrations 
Of acetyl strophanthidin (AS} on peak isometric 
force development (PF) and maximal rate of peak 
isometric aes development (max. dF/dt) in 
normal (n-8) and depressed (n-6) right ventric- 
ular hes muscles from normal and pulmo- 
nary artery banded cats respectively. Muscles 
were stimulated at 12 beats/min. at 30°C. Be- 
fore AS, PF and max. dF/dt in depressed muscles 
were 57 and 49 percent respectively of compar- 
able values in normal muscles: the latter aver- 
aged 2.8 £ 0.4 g/mm* and 14.3 È 1.7 g/mm@ sec” 
Threshold and toxic doses of AS were essentially 
identical in the two groups averaging 1 x 1078 
and 2.6 X 1077 n respectively. Maximal ino- 
hae effects occurred at 1.7 X 1077 and 2.1 X 
M in depressed and normal muscles respec- 

tiver: differences not statistically signifi- 
fant. Although both the absolute and percent 
increments in PF and max dF/dt were creater at a 
iven AS concentration in deoressed muscles, the 
oncentration- inotropic response in both groups 
linear between threshold and peak effect. 
ding the magnitude of the inotropic re- 
: èr ‘depressed and normal myocardium were re- 
_markably similar in their reaction to AS. 









ONSET AND DOSE DEPENDENCE OF THE DIGOXIN-QUINIDINE INTER- 
ACTION 

Paul E. Fenster, MD; J. Robert Powell, PharmD; W. David 
Hager, MD; Penelope E. Graves, ScD; Kenneth Conrad, MD; 
Steven Goldman, MD, FACC, Arizona Health Sciences Center, 
Tucson, Arizona 





Quinidine (Q) administration has been reported to double 
steady state digoxin. (D) serum concentrations. The time 


of onset and dose dependence of this interaction were 
<o Studied in 5 normal adults. Area under the serum D con- 


centration vs time curve-(AUC) for 24 hours was determined 
after daily oral D, at steady state. Daily oral D adminis- 
-tration was continued, and AUC for D was determined on the 
day of. starting oral Q, 200 mg a8h; after 7 days (d) of 
oral Q, 200 mg q8h; and after 7 days of oral Q, 400 mg 
q8h. 


D D+Q D+Q D+Q 
alone 200mg q8h 200mg 7d 400mg 7d 
MEAN 
D AUC 15.2 21.9 32.6 43.1 
{ng-hr/ml}) 


p <0.02 p <0.02 p <0.10 


Values for AUC were compared using the paired Student's 
t-test. 

The results indicate that there is a significant rise in 
serum D concentrations immediately upon starting oral Q, 


“> cand that there is a further significant rise in serum D 


concentrations with continued Q co-administration. 


= Conclusion: The onset of the D-Q interaction occurs 


> Wmediately upon starting Q; however, it may take one 
week for maximal effect to occur. The results imoly that 


=o the-interaction is dependent on the dose and serum con- 


centration of Q. 
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PREFERENTIAL UPTAKE OF 14-C-LIDOCAINE BY ACUTELY ISCHEMIC 
CANINE MYOCARDIUM: DISTRIBUTION OF DRUG AND BLOOD FLOW IN 
TRANSMURAL AND LATERAL BORDER ZONES. 

William Weintraub, MD; Randolph E.Patterson, MD, FACC; 
Doris Halgash, BS; John Rogers, BS; Joseph Miao, PhD; 

Joel Kupersmith, MD, FACC; Mct.Sinai Med.Center, NY, NY. 
The distribution of lidocaine (Lido) relative to blood 
flow (MBF) remains unknown in transmural and lateral bor- 
der zones (LBZ) of ischemic myocardium (1sM) (from which 
arrhythmias may arise). Thus, in 14 open-chest dogs after 
3 min LAD coronary occlusion we injected 14-C-Lide and mi~ 
crospheres and removed the heart 10 min later. A special 
microsphere technique labelled normally perfused tissue 
(NPT) interdigitating with IsM in LBZ, We cut 5mm samples 
from adjacent zones (Z): central IsM (CIZ), intermediate 
IsM (IIZ), border IsM (BIZ), border normal (BNZ), and re- 
mote normal (RNZ). Microspheres (for MBF) and 14-C-Lide 
were separated, counted and tabulated as fractions of RNZ 
value before and after subtracting the contribution of NPT, 





CIZ IZ. BIZ BNZ 
MBF (Mixed) .36+.10 £354.09 .49:.08* 1.034.14* 
MBF (Corrected) -314.09 .294.08 .29%.08 1.032.14* 
Lido (Mixed) «722.05 .724.06 .884.05* 1.092.07 


Lido (Corrected) .67%.07 .68.07 .78+.08  1.091.09% 
(*)=p<.05 compared to sample to its left. Lido exceeedéd 
MBF in all samples (relative to RNZ) except BNZ, and sub= 
traction of NPT contributions from mixed samples revealed 
no gradient of MBF or Lido from CIZ to BIZ. Endo/epi ratio 
in IsM was reduced more severely for MBF (.362.16) than 
for Lido (.642.04). We conclude: (1)Lido is concentrated 
relative to MBF (2.2 fold) in IsM; (2)Lido concentrates 
(relative to. MBF) more in endo than epi layers of IsM, 
suggesting diffusion of Lido from cavitary blood to endo, 
near Purkinje fibers; (3)Mean transmural MBF and Lido are 
homogenous from center to lateral edge within IsM, and 
heterogeneity in LBZ is explainable by NPT mixed with IsM, 


TWO AND THREE DIMENSIONAL DISPLAY OF MYOCARDIAL ISCHEMIC 
"BORDERZONE" IN THE RABBIT, DOG, PIG AND MONKEY. 

Alden Harken, M.D., FsA.C.C., Clyde Barlow, Ph.D., Wesley 
Harden, M.D., and Michael Simson, M.D., University of 
Pennsylvania, Philadelphia, Pa. 





The potential for therapeutic modification of myocardial 
ischemic zone size has traditionally depended on the exis- 
tence of a large “borderzone”™ (BZ) of salvageable tissue 
between the central infaretion and surrounding well per- 
fused areas. A fluorophotographic technique permitting 
high resolution (304) display of myocardial ischemia has 
been developed. Reduced intracellular NADH (ischemia) 
fluoresces and may be photographed while oxidized NAD 
(perfused tissue) does not. The distal LAD was ligated for 
five minutes in five open-chest rabbits, dogs, pigs and 
monkeys. A fluorescent dye was injected into the left 
atrium as a coronary vascular marker and the tissue quick 
frozen. The ischemic margin was well seen and was jagged 
in all species. The distance from ischemic to perfused tis~- 
sue ("borderzone") was less than 304 in all species. In 
dogs, however, tissue perfused by collaterals projected 
even into the center of the ischemic zone. This produced a 
heterogeneous peri-ischemic transition of apparent BZ. In 
an attempt to magnify the width of the BZ (nan-perfused, 
non-ischemic zone) the study was repeated in non-working 
Clow MVO2), hyperoxic (PO3y 500) perfused rabbit hearts. 
The BZ did increase to 329 + 28ų in width. The central 
ischemic zone remained 7 95% of non-perfused tissue. In a 
blood perfused, working heart the true BZ is narrow (€30u)- 
in all species tested. In dogs, peri-ischemic collaterals = 
provide a heterogeneous apparent BZ (up to 8-10 mm) that 5 
can be resolved by NADH fluorophotography. True BZ in-- 
creases to 329 + 284 in non-working, hyperoxic rabbit 
hearts, but the ischemic area remains > 95% of non=per— 
fused tissue. Canine ischemia and coronary anatomy dif~ 
fers from other species tested. 
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OEFFECT OF ISCHEMIA ON: MYOCARDIAL PROTEOLYSIS 

-Roberto Bolli, MD; Nancy Davenport, RN, PhD; Robert E. 
Goldstein, MD,- FACC; Stephen E. Epstein, MD, FACC, NHLBI, 

Bethesda, Md. 


Several studies suggest that during acute myocardial ische- 
= mia (AMI). lysosomal hydrolases contribute to the death of 
“ee@lle that otherwise may have remained viable and eventual- 
poly regained function. However, the effect of AMI, produced 
“dn intact animals, on proteolysis (P) has not been evalu- 
< ated. Thus, we ligated the left anterior descending coro- 
“nary artery in 29 open-chest dogs; .5mm thick slices were 
“Obtained from l-hr ischemic endocardium (1-EN), 3-hrs is- 
“chemic endocardium (3-EN) and epicardium (3-EP) and from 
“control. myocardium (C), Slices were incubated for 1, 2 or 
© 3 hrs in “aerobic” medium (Krebs-Ringer-bicarbonate {KRB} 
buffer, with glucose 10mM and insulin .1 U/ml, saturated 
with 95% 02 ~ 5%: C02, pH 7.4} or in “ischemic” medium (KRB 
“saturated with 90% No ~ 10% CO2, pH 6.8). The protein syn- 
“thesis inhibitor cycloheximide (CH) was added to both me- 
“dia (.5mM) to block amino acid reutilization. CH did not 
inhibit P. The overall rate of P was measured by net pro- 
“-duction.of tyrosine by the slices (pmol/mg of tissue, mean 


ESE): 


“aerobic” medium "ischemic" medium 





Ingubation C © 3-EP I-EN 3-EN C 3-EP I-EN 3-EN 
<E hoar 25t2 222. 20łŁ4 20ł2 1742 wt1 153 19%2 
-2 hours 4744 - jets. + 22460 - 243 2743 


“3 hours 7244 58tax 54t6* sotex gets 25t Iž 414 2743 
Ch -=-p<.05 ve C). A similar pattern was obtained when the 
‘production of tyrosine was related to the concentration of 
-pretein in the slices. We conclude that P does not in- 
crease in AMI either before irreversible damage is belfeved 
tē occur (3-EP) or shorty after (1-EN, 3-EN). This sug- 
gests that cellular proteases do not cause cell death dur- 
ving AMI, making it unlikely that drug-induced inhibition 
of P would be an important mechanism responsible for pre- 
venting ischemic myocardium from becoming necrotic. 


“CONDITIONS FOR LIPOSOME UPTAKE BY MYOCARDIAL CELLS 
“-®homas Mueller, MD, FACC, Kent Hermsmeyer, PhD, Howard 
Mayer, MS and Melvin Marcus, MD, FACC, Cardiovascular 
Center and Depts. of Med. and Pharmacology, University of 
= Towa and V.A. Hosp., Iowa City, Iowa 





We have previously shown that liposomes (L), phospholipid 
“vesicles. containing an aqueous phase, concentrate in the 
“ischemic. region following coronary ligation in dogs. Since 
od may be useful as drug carriers to an ischemic region, we 
“wished to determine the conditions under which L would be 
taken up by myocardial cells. Isolated, contracting (120 
“¥/min) cardiac myocytes from neonatal rat ventricle were 

exposed to L (0.09 + 6.01 um diam) having neutral or posi- 

tive membrane charge and carrying the fluorescent dye, 
fluoresceinate, in the aqueous phase. Uptake of L was 
measured quantitatively by fluorescence photometry using 

30 msec flashes of UV light at 490 nm to avoid fluores- 
cence fading phenomena. Cells were suffused with oxygen- 
ated medium containing 4.7. or 100 mM KË /1 or with anoxic 
: medium with 4.7 mM K? /1. Membrane potentials were meas- 

ured by direct intracellular recording. Results: Cells 

Suffused with anoxic or oxygenated normokalemic medium for 
20-min showed very little fluorescence following L expo- 

: sure ‘ranging from 5 to 30 sec. The cells exposed to anoxic 
medium contracted irregularly (30-40 X/min) but were not 
depolarized. Cells. depolarized with 100 mM K+ medium had 

-3-4X% more fluorescence than other groups. Depolarized 

-eells exposed to positively charged L had 30-50% more 
fluorescence than those exposed to neutral L. We conclude 
that L can deliver their contents into cardiac myocytes 
depolarized by exposure te a high K? environment. Anoxia 
for 20 min did not cause sufficient injury to depolarize 
gelis or cause L uptake. Therefore, L may be useful as 
drug carriers to injured cells or to cells depolarized by 
high Kt concentration from nearby injury in an ischemic 
area. 





DETECTION OF ELEVATED MITOCHONDRIAL CK IN PLASMA AFTER 
INFARCTION BY A SPECIFIC RADIOIMMUNOASSAY . 

Ann Grace; Takaya Fukuyama, MD; Robert Roberts, MD, FACC, 
Washington University, St. Louis, Missouri 


Since mitochondrial damage is a hallmark of irreversible 
injury in ischemic myocardium, detection of a mitochon- 
drial constituent in plasma is likely to provide.a defin- 
itive in vivo marker of cell death. Accordingly, we dev- 
eloped a specific and sensitive radioimmunoassay (RIA) for 
mitochondrial CK (CK) to analyze plasma samples. obtained 
hourly for 48 hr from dogs with evolving infarction. For 
use in the assay system, CK, was isclated from canine myo- 
cardium and purified en Sephacryl $200 and CM-Sephadex. 
Isoenzyme analysis by electrophoresis on cellulose acetate 
showed a single cathodic migrating band free of cther CK 
isoenzymes, A single protein band was observed on SDS 
gels. CK, amino acid composition differed from that of 
cytosolic isoenzymes. Ouchterlony plates showed no cross- 
reactivity between CK, and cytosolic isoenzymes. The RIA 
was performed in 50:mM Tris, pH 8.5, 0.1% albuinin 20 mM 
EDTA and CHOH-CH2-SH (20 mM) incubated for 1 hr at 23°. 
1251-CK, was 70% bound by, the the specific antibody but no 
binding occurred with 1 -MB or -BB even at 500-fold 
excess, Unlabeled CK, (0. zi to 100 ng) but not MM of, g3 
(0.1 to 20,000 Tu/t) competitively displaced bound 

CK,. An increase in plasma CKy was: detected consistently 
4 hr after infarction (n=60) with an average peak of 

150 + 15 ug/L (7-fold increase) in 20 hr and a return to 
normal within 48 hr. In, contrast, plasma MM CK increased 
to peak activity approximately 10 hr after occlusion (10- 
fold increase) and returned to normal within 36 hr. Thus, 
mitochondrial CK in plasma can be detected by a specific 
and sensitive RIA, providing an- in vive marker specific 
for irreversible myocardial injury. 


INFLUENCE OF LEFT VENTRICULAR DIMENSIONS ON ENDOCARDIAL 
AND EPICARDIAL. QRS AMPLITUDE AND ST SEGMENT ELEVATIONS 
DURING ACUTE MYOCARDIAL ISCHEMIA — 

Jon lekven, MD; Kanu Chatterjee, MB, FRCP, FACC; John V. 
Tyberg, MD, PhD, FACC; William W. Parmley, MD, FACC, 
University of California ,San Francisco, Ca. 


The independent and concurrent influence of acute myo- 
cardial ischemia (Al) and changes in ventricular ead- 
diastolic dimensions (LVEDD) on endocardial QRS (Eado- 
QRS), epicardial QRS (Epi-QRS) in ischemic and nonis- 
chemic zones and ST segment elevations (ST) in ischemic 
zones were evaluated in 17 anesthetized, open-chest dogs 
before and after left ventricular volume expansion and 
after coronary artery (LAD) ligation. In 8 dogs regional 
myocardial blood flow was determined by labeled micro- 
sphere technique. Prior te LAD occlusion, and during 
volume expansion an increase in LVEDD from 42.73+1.59 to 
46 .43+1.89 mm. (p € 0.001) was associated with a decrease 
in Endo-QRS to 7842%, and Epi-QRS to 85432. Following 
LAD occlusion and volume expansion, Endo-QRS in the is- 
chemic zone, Endo- and Epi-GRS in the aonischemic zones 
decreased linearly, but Epi~QRS did not show consistent 
changes. ST elevation ia ischemic zones decreased during 
volume expansion and was associated with an increase in 
epicardial blood flow. These findings suggest that vol- 
ume expansion following acute ischemia may have differen- 
tial effects on Epi-QRS and ST. As a poor correlation 
exists between changes in Epi-QRS and epicardial flow, 
measurement of Epi-QRS may not indicate the magnitude of 
ischemia in the presence of acute changes in LV volume. 
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. CONCENTRATION- DEPENDENT EFFECTS OF ARRHYTHMOGENIC 
o SLYSOPHOSPHATIDES ON MEMBRANES 
To Bruce Ferguson, Jr., MD; Steven R. Bergmann, PhD; 
oos Burton E. Sobel, MD, FACC; Washington University, 
St. Louis, Missouri. 


Lysophosphatidyl choline (LPC) and other amphiphilic ar- 
rhythmogenic compounds accumulate in ischemic myocardium, 
augment cyclic-AMP content, alter action potentials, and 
induce coronary artery constriction and myocardial con- 
tracture. Since LPC circulates ubiquitously, is bound to 
albumin, and spontaneously forms micelles, it is necessary 
to characterize concentration dependent effects of mono- 
mers and micelles in systems providing precisely con- 
trolled conditions. Accordingly, washed human RBCs were 
incubated with selected concentrations of LPC or 1:1 Na- 
cholate and deoxycholate, chosen because bile salts circu- 
late also, prior to scanning electron microscopy. In 
Krebs-Henseleit (KH) buffer, the critical micelle concen- 

trations (CMC) assessed by dye spectroscopy of LPC and 
bile salts were .05 and 2 mM. With albumin added to KH, 
LPC and bile salts were bound in 1.35 and 0.1:1 molar 
ratios. Micellar formation required saturation of these 
binding sites and free concentrations > the CMC. Palmitate 
-did not affect binding. At concentrations as low as 6 uM, 
LPC induced marked anisocytosis and spicule formation as 
Well as cell fusion (n = 20 preparations) whereas mono- 
meric bile salts were without effect (n = 12). At concen- 
“trations > the CMC, both species induced prompt lysis 
{n = 8). The induction of striking membrane alterations 
by concentrations of LPC below the CMC, in contrast to the 
case for bile salts, substantiates properties accounting 
for their arrhythmogenic cardiotoxic effects and indicates 
that monomers of these lipid amphiphiles exert specific 
effects independent from nonspecific actions of micelles. 









TRANSIENT STATE KINETIC STUDIES OF Ca2+-DEPENDENT ATPase 
AND Ca TRANSLOCATION BY CARDIAC SARCOPLASMIC RETICULUM. 
ROLE OF THE 22,000-DALTON PROTEIN PHOSPHOLAMBAN 

M. Tada, MD; M. Yamada, MD; F. Ohmori, MD; T. Kuzuya, MD; 
M. Inui, MD; H. Abe, MD, FACC, Osaka University School of 
Medicine, Osaka, Japan 


T: To elucidate the molecular mechanism by which Ca2+-depen- 


dent ATPase of cardiac sarcoplasmic reticulum (CSR) is 
controlled by its putative regulator phospholamban (PN) 
and. ‘tyelic AMP, we examined effects of cyclic AMP-depen- 
dent: protein kinase (APK)- catalyzed phosphorylation of PN 
on the intermediary steps of Ca +-dependent ATPase 
coupled with Ca translocation. CSR was incubated with 
‘eyelic AMP, APK and ATP in the presence of EDTA (control 
CSR) and Me. (phosphorylated CSR), and was subsequently 
assayed for formation of phosphorylated intermediate 
(EĴ2P), rate (v) of 42py liberation, and *°Ca accumula- 
tion in various concentrations of ty-32P ]ATP or 4Scaclo/ 
EGTA buffer. The Vmax value of ATPase activity and the 
rate of EP decomposition, as determined by v/[EP] and the 
rate constant kg, were about 2-fold higher in phospho- 
rylated CSR than in control. The rates of EP formation 
and Ca binding, determined by a rapid quenching apparatus, 
which allowed sequential reactions with 4 msec time reso- 
lution, also exhibited marked enhancement in phospho- 
rylated CSR. These effects were more evident when CSR 
Was suspended with EGTA prior to assay (Ca-~free CSR) than 
when pre-incubated with Ca/EGTA buffer (Ca-bound CSR). 
These results indicate that PN phosphorylation stimulates 


othe tuftnover rates of Ca**-dependent ATPase and Ca trans- 


“Tocation through the enhancement of formation and de- 
-somposition of EP, and thus lend support for our previous 


= proposal that PN phosphorylation by APK can function as a 


i regulatory system for controlling the active Ca transport 
“by CSR. 





PREDICTION OF BIOCHEMICAL DERANGEMENT IN ISCHEMIC MYOCAR=- 
DIUM FOLLOWING EXPERIMENTAL CORONARY ARTERY OCCLUSION : 
Robert E. Rude, MD, Laurence W.V. DeBoer, MD, Joanne S. 
Ingwall, PhD, Robert A. Kloner, MD, PhD, Sharon L. Hale, 
BS, Michael Davis D.Sc, Peter R. Maroko, MD,FACC, and 
Eugene Braunwald, MD,FACC. Peter B Brigham Hospital/ 
Harvard Med Sch, Boston, MA 


It has been suggested that the degree of tissue damage 
following coronary artery occlusion (CAO) is a funection.of 
both the duration and intensity of myocardial ischemia. 
We sought to determine which indices of ischemia best 
predicted the extent of ultimate tissue damage after CAO 
as assessed by depletion of myocardial ATP (mATP). Ten 
anesthetized dogs underwent 7-30, 30-60, or 60-90 min of 
CAO with radioactive microsphere determination of regional 
myocardial blood flow (RMBF) 5 min after CAO. Subendo- 
cardial biopsies were obtained from normal and ischemic. 
myocardium in vivo and were analyzed for mATP content 
(expressed as nmol/mg protein) by liquid chromatography. 
In non-ischemic sites, mATP was 31.3+1.9. In ischemic 
sites, mATP was 29,2+6.2 after 7-30 min; 17. 3+0.5 after 
30-60 min; and 12. 5+4. 5 after 60-90 min. This fall “in 
mATP after CAO correlated modestly with the duration of 
ischemia (L; expressed in min), with mATP=38.3-0.38(L), 
r=0.72, and more poorly with intensity of ischemia, @x- 
pressed as coronary blood flow deprivation (FD=1.0-[RMBF 
in an ischemic site/RMBF in normal site]), r=0.35, with 
mean FD of 0:84+.06. There was a similar poor correla~ 
tion between mATP and absolute level of RMBF, with r=0,34 
when RMBF in ischemic zones was 20.9+9.8 m1/min/100gm. ; 
However, mATP depletion correlated extremely well with an. 
index of the overall severity of ischemia (FDxL), with 
mATP=40.4~-0.51 [FDxL], r=0.95. We conclude that this 
ischemic index (FDxL) is an excellent predictor of mATP 
fall in the subendocardium following CAO of 7-90 min 
duration. 


CHARACTERIZATION OF MYOCARDIAL ATP DEGRADATION FOLLOWING 
CORONARY ARTERY OCCLUSION. 
Laurence W.V. DeBoer, MD, Joanne S. Ingwall, PhD, Robert 
E. Rude, MD, Peter R. Maroko, MD, FACC, Robert A. Kloner, 
MD, PhD, and Eugene Braunwald, MD, FACC. Peter B Brigham 
Hosp/Harvard Med Sch, Boston, MA 
Although ATP reduction is a hallmark of ischemia, the 
fate of its degradative products needs clarification. 
Definition of metabolic pathways (ATP**ADP+*AMP++adenosine 
++inosinet+hypoxanthine) is important for understanding 
the potential for ATP resynthesis. Accordingly, multiple 
biopsies were taken of ischemic and normal subendocardium 
in 16 dogs following coronary artery occlusion. Purines 
were determined by liquid chromatography. Severity of 
ischemia was expressed as the product of flow deprivation - 
(by microspheres) and length of ischemia and expressed 
in relative ischemic units. (RIU-in min. %) 
PURINES nm/mg protein 
Control (c) Mild Ischemia(m) Severe Ischemia 


RIU (min. Z) 0 3446 151420 

ATP 32.341.7 22.0+3% 3.541. 1aketyt 
ADP 8.0+0.7 10.441.7 4.640. Gee tt 
AMP 1.6+0.4 1.94.5 2.3+0.6 
Inosine 0.2+0.1 3. oF. BxeK 1.440, 38R aE 
Hypoxanthine 1.1+.3 2. 042%%* 7.841. GeeTT 

= Purines 43.44+2.5 42. 4, 7 21.042, 144tt 


*p<.05 vs c; **p<.01 vs c; RAED, 001 vs c; tp<. 05 vs m; 
ttp<.01 vs m; fttp<.01 vs m. 

Thus, 1) since ADP and AMP do not accumulate, dephosphory- 
lation enzymes are functional in severely ischemic myocar- 
dium. 2) In early ischemia coincident with ATP depletion, 
inosine rises transiently followed by later accumulation 
of hypoxanthine. Since substantial total purines persist. 
and functioning metabolic pathways are present, the 
potential for ATP regeneration cannot be excluded during 
severe ischemia. 
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<- OTHE SIGNIFICANCE. OF THE LATE FALL IN MYOCARDIAL pCo2 


-FOLLOWING ACUTE CORONARY “OCCLUSION. 


Shukri F. Khuri, MD, Robert Kloner, MD, and Stephanie 
Karafia, BS, West Roxbury V.A. Medical Center, Peter Bent 


© Brigham Hospital, and Harvard Medical School, Boston, MA. 


Following coronary occlusion (CO) intramyocardial pC02 
(Pacz) rises, peaks and gradually falls. This study was 

“performed to test the hypathesis that this late fall in 
PmCQ? reflects a decrease in anaerobic metabolism cat pro- 


= duced ‘by cells + bicarbonate buffer @@H20+C02) due to pro- 


gressive irreversible cell injury. In 11 anesthetized open 
chest dogs, the anterior descending coronary artery was 
occluded for 3hrs (COA), reflow allowed for 45 minutes, 
and the occlusion reapplied (COB). PmCO2 and intramyocar- 
dial [Ht] were measured with a mass spectrometer (MS) and 
a new®pH electrode. When FmCO2 peaked during COB, tissue 
adjacent to the MS probe was obtained and mean ischemic 
damage (MIS) scored 0-4+ by morphometrics of li histologic 
sections. Baseline PmCO? was 3841.5 (meantSEM) and peaked 
“te 20414 mmg during COA; after 3hrs it fell to 60417 mm 
“He (P<0,005) and post reflow fell to baseline. Likewise, 


baseline [H7] was 4443 n moles and peaked to 173443 n 


moles during COA; after 3hrs it fell to 88417 n moles (P< 

0.005): and: post reflow fell to baseline. During COB PmC02 
peaked only to 67:7 mmHg €2<0.005 compared to peak PmCO2 
during COA) and pH peaked only to 8248 n moles (P<0.005 

compared tö peak [H™] durig COA). Regional myocardial 

== blood flow was. unchanged throughout COA and was not dif- 
< ferent from that. during CCB. The magnitude of decline in 


-Paco following COA (i.e. peak PmCG2 - PmCO2 at 3brs) and 


the difference between peak PmCO? during COA and peak 

-o PCO? during COB both correlated significantly with MIS 

= (7=0.85).. Hence the late fall in PmCO? following CO is a 
manifestation of progressive cell death and a reduced abi- 

lity to produce anaerobic metabolites during subsequent 

occlusions, 


- THE EFFECT OF FIRST-DOSE ADRIAMYCIN ON THE CYCLIC NUCLEO- 
TIDE LEVELS AND FUNCTION OF THE HUMAN MYOCARDIUM 
“Donald V. Unverferth, MD; Richard H, Fertel, PhD; Raymond 
-SDs Magerien, MD; Stanley P. Balcerzak, MD; Robert L. 
Talley, MD, The Ohio State University College of Medicine, 
. Columbus, Ohio. 


. Adriamycin, (A) an effective cancer chemotherapeutic 
-agent often induces a,cardiomyopathy when the cumulative 
dose. etceeds 550 mg/m”. Animal studies suggest that 
“large doses of A induce cardiomyopathy by inhibiting car- 
= diae guanylate cyclase and lowering cyclic (c) GMP. This 
study investigates the cAMP and cGMP levels of human myo- 
cardium and relates the findings to measurements of myo- 
cardial function. Each of the 10 patients (average age = 
48, normal cardiovascular examination) had a previously 
“untreated tumor. Systolic time intervals (PEP/LVET) and 
“echocardiograms (Z@D) were performed at baseline (B) 
sand 4 and 24 hours after the first gose of intravenous 
“bolus. A (average dose = 50 + 6 mg/m ). An endomyocardial 


- biopsy procedure was also performed at B, 4 and 24. Two 


© samples from each procedure were analyzed for cAMP and 
= eGMP by radioimmunoassay. The cAMP and cGMP (X + SEM) 
c are in fm/meg protein. * = p<0.05 from B. 


4 24 
CAAD 34.2 + 2.0 37.8 + 2.4 36.8 + 2.2 
< PER/LVET +364 + 021 -326 + .016* .325 + .018 
=: CAMP 2.5 40.4 2.4 + 0.3 2.5 + 0.6 
CGMP 0.23 + 0.06 0.16 + 0.05% 0.15 + 0.05* 
This study demonstrates that pharmacologic doses of A 


@ause a fall of human cardiac cGMP. Despite these early 

= biochemical changes there was no deterioration of cardiac 

c-function. The inhibition ef guanylate cyclase activity 
and fall of cGMP may be related to the chronic toxicity 

= Of A but this does not impair ventricular function in the 

<c first 24 hours. 
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RELEASE OF MB. CREATINE KINASE FOLLOWING CORONARY ARTERY 
BYPASS GRAFTING IN THE ABSENCE OF MYOCARDIAL INFARCTION 


Dhun Sethna, M.D:.; Richard Gray, M.D., FACC; William Shell 
M.D.; Carolyn Conklin, R.N.; Myles Lee, M.D.; Howard 
Feldman, M.D.; and Jack Matloff, M.D., FACC. Cedars-Sinai 
Medical Center, Los Angeles, California. 


Elevations of serum MB creatine kinase (MB-CK) activity 
in the immediate postoperative period in patients under- 
going coronary artery bypass is usually associated with 
myocardial necrosis. . However, enzyme elevations (18 + 2 
IU/L, M + SE) were recently observed in 6 patients in the 
absence of EKG or scintigraphic (technetium 99. pyro- 
phosphate) evidence of perioperative myocardial infarc- 
tion. Toe test the hypothesis that surgical trauma of the 
atrium and aorta during cannulation for cardiopulmonary 
bypass may contribute to such elevated MB-CK levels, right 
atrial appendage and acrta were biopsied at surgery and 
assayed for total CX (Rosalki technique) and MB~CK 
(column chromatography). The results are expressed in 
1U/100 mg tissue protein: 





Total CK {N=9) MB-CK (N=7) Z MB-CK 
Atrium 1068 + 143 215 + 42 19.4 1.3 
Aorta 18 + 6 3l 15.5 2.4 


The results indicate that: 1) human atrium is a rich 
source of CK, the portion representing MB-CK being simi- 
lar to that present in the ventricle (13%); 2) surgical 
manipulation of the atria may result in release of MB-CK 
causing elevated serum enzyme levels in the post coronary 
artery bypass patient in the absence of myocardial 
infarction. 


RESTORATION OF MYOCARDIAL BLOOD FLOW RESERVE FOLLOWING 
REVASCULARIZATION. Donald H. Schmidt, M.D.; Fred M. Blau, 
M.5.; Linda L. Grzelak, B.S.;.W. Dudley Johnson, M.D., 
FACC, University of Wisconsin=Mount Sinai Medical Center, 
Milwaukee, Wisconsin, 


Despite the controversy surrounding myocardial revascular- 
ization (MR), it has never been determined if its success 
is due directly to improving the supply of blocd available 
to the myocardium during increased oxygen demand. In this 
study we have measured regicnal myocardial perfusion (RMP) 
at rest and following Isoproterenol (ISG) infusion in 15 
patients (pts) prior to, and 8-10 days following MR. Re- 
sults were compared to 10 pts with normal coronary arter- 
ies. RMP (mi/min/ICO q) was measured with a multicrystal 
gamma camera from the myocardial washout of Xenon-133 
following injection into a coronary artery or graft. RMP 
was calculated in the region distal to a graft and com- 
pared to the same region in the preoperative study. Af- 
ter the control study, 4-8 ug/min ISO was infused to pro- 
duce a heart rate (HR) increase of approximately 50%. To 
normalize RMP changes to the change in double product 

{DP= systolic BP x HR), a response index (RI= ARMP/ADP x 
103) was calculated, as well as coronary vascular resis- 
tance (CVR= MEAN BP/RMP). Mean results are as follows: 


*p<.02 CONTROL Iso 

+p<. 001 HR RMP CVR HR RMP CVR RI 

Normal (10) 74 78 1.46 118 137 .73 10.4 

Pre-op (15) 73 69 1.48 106 10l 1.07 5.9 
‘ ee d+ 4* 4* 

Post-op 65 81 1.25 122 142 63 13.1 


The results show a significant improvement in individual 
pts in HR, RMP, CVR, and EI with ISO after MR, with values 
very close to normal, The results demonstrate that the 
success of MR is a direct result of improved myocardial 
flow reserve. 
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SURGICAL RELIEF OF MYOCARDIAL ISCHEMIA DUE TO MYOCARDIAL 
BRIDGES 

Albert E. Raizner, MD, FACC; Tetsuo Ishimori, MD, FACC; 
Mario 8. Verani, MD, FACC; William H. Spencer, MD, FACC; 
Genė. Guinn, MD, FACC; Robert A. Chahine, MD, FACC; Jimny 
-Ec Howell, MD, FACC; Richard R. Miller, MD, FACC, Baylor 
College of Medicine, Houston, Texas. 
‘Myocardial bridges (MB) have long been suspected of 


causing ischemia in man. However, firm documentation of 
odschemla secondary to MB has been lacking. We studied 


“9 patients (pts), 8 male, 1 female, whose ages ranged 
from 28 to 66 (mean = 46) years, with MB which produced 

> 50% systolic narrowing of the coronary artery (CA). 

Two pts had transmural anterior myocardial infarction 
which was precipitated by heavy exertion and documented 
by electrocardiography and enzymes. Both had MB of the 
anterior descending (LAD) but otherwise normal CA. In 
the remaining 7 patients, myocardial ischemia was docu- 
mented by treadmill exercise testing (TET) and exercise 
scintigrams (ESG) with thallium-201. TET was positive 
(ST depression > 1 mm) in 6 of 7 pts. ESG showed rever- 
sible hypoperfusion during exercise in the myocardial 
region supplied by the bridged artery in all 7 pts. Four 
of 7 had anterior perfusion defects with LAD MB. Three 
pts had anterior and inferior defects: One of these had 
LAD and right CA MB; 2 had LAD MB and coexistent fixed 
right CA stenosis. Surgical interruption of the MB was 
performed in 3 patients because of persistent angina, one 
of who had bypass to the right CA. Each had complete re- 
lief of symptoms and post-operative ESG and TET reverted 
to normal. Thus, myocardial ischemia and myocardial in- 
farction secondary to MB can be firmly documented in 





~ some pts. Surgical interruption of the MB should be con- 


-o sidered in- pts with refractory symptoms that can be 
0 elearly attributed to the MB. 


HEMODYNAMIC EFFECTS OF INTACT HUMAN PERICARDIUM AFTER 
CORONARY BYPASS SURGERY. Richard Gray, M.D., FACC, 
Jamshid Maddahi, M.D., Marjorie Raymond, R:N., Daniel 
Berman, M.D., FACC, Hector Sustaita, M.D. and Jack 
Matloff, M.D., FACC. Cedars-Sinai Medical Center, Los 
Angeles, California. 


Because little is known about the cardiac effects of 
normal human pericardium, 36 patients (pts) had hemo- 


dynamic measurements with multiple gated equilibrium 


:cardiac blood pool scintigraphy in a subgroup of 29 pts 
before, early (1-6 hours) and 2 days after. coronary by- 
‘pass surgery. Surgery included moderate hypothermia 
{mean temperature 23°C) and techniques designed to avoid 
pericardial drying and shrinkage. The pericardium was 
left open in 25 pts (Group A), and closed in 11 (Group B). 
No differences in age, preoperative left ventricular func- 
tion, number of vessels diseased or grafted, total pump or 
ischemic times or degree of hypothermia were detected be- 
tween groups. No pt had cardiac tamponade. Compared to 
Group A, Group B pts had higher right atrial (12 + 3 vs 
9&3, mean t $.D.), pulmonary capillary wedge (14 + 4 vs 
1l + 4) and mean pulmonary arterial pressures (21 + 3 vs 
18 + 4 mig), total pulmonary resistance (464 + 140 vs 

339 + 95 dyne-sec-cm-5) and lower cardiac index (1.9 + .5 
vs 2.3 + .3 L/m/m2) (all p<.05) immediately and on post- 
Operative day 2. No differences were noted in postopera- 
tive heart rate, arterial pressure, systemic vascular 
“Yesistance, and right or left ventricular ejection frac- 

>o tion by scintigraphy. Thus with intact pericardium after 
coronary bypass surgery: 1) an adverse effect on cardiac 
performance is seen through postoperative day 2; and 2) 

- diminished cardiac output in spite of higher atrial pres- 
-gures suggests either diminished overall cardiac compli- 
ance or an altered Starling function relationship. 


ABSTRACTS. 








TREATMENT OF ANTERIOR TRANSMURAL MYOCARDIAL INFARCTION ING = 
MAN WITH AND WITHOUT EARLY REPERFUSION 

Marcus A. DeWood, MD; Julie Spores; Henry T. Lang, MD; o Gie 
John H. Ganji, MD; Ken I. Sutherland, MD, FACC; William P; 
O'Grady, MD, FACC, Sacred Heart and Deaconess Medical 
Centers, Spokane, Washington. 


Anterior wall myocardial infarction (MI) is associated 
with high mortality. The role of early reperfusion for 
anterior MI with coronary artery bypass grafting (CABG). is 
uncertain. Ninety-five patients (pts) {mean age +.SD = 
52.8 + 7.2 years) with anterior MI (Group I) were admitted- 
within 24 hours of symptoms and managed conventionally. for- 
anterior MI. During the. same time period (6/72-12/76) 97 
pts (Group II) {age - 53.6 + 8.1 years) were admitted for 
anterior MI but were evaluated with early coronary arteri- "s 
ography and. treated with CABG. All patients in both : 
groups had chest pain, persistent ST elevation >3 mm pro- 
gressive to Q waves, and evolved creatine kinase eleva- 
tion. Pts with identifiable coronary spasm, diffuse dis- 
tal disease of coronary artery and pts considered too il 
to withstand CABG were exluded from this study. In-hos- 
pital mortality. (IHM) and long-term mortality {LTM} (30- 
68 months) were evaluated. 

THM LTM (30-68 months) 





Group I 15.7% (15755) 28.4% (27753) 
Group II 4.1% ( 4/97)p<.03 11.3% (11/97)p<.01 


When patients with shock (i.e., BP less than 85 mm Hg, 

left ventricular filling pressure greater than 18 mm Hg. 

and hypoperfusion) were excluded, the in-hospital mor- 
tality for Group II was 1.1% (1/88). These observations. 
in concurrent groups suggest early reperfusion for evoly-~ 
ing anterior myocardial infarction may be helpful in 
reduction of in-hospital mortality and long-term mortality: 
in selected patients. 


RESECTION OF VENTRICULAR ANEURYSM MODIFIED BY ELECTRO- 
PHYSIOLOGIC ASSESSMENT IN PATIENTS WITH INTRACTABLE 
VENTRICULAR TACHYCARDIA AND LEFT VENTRICULAR ANEURYSM 
William B. Allen, MD; James D, Maloney, MD, FACC; 
Geoffrey 0. Hartzler, MD; David R. Holmes, Jr., MD, FACC; 
Francisco J, Puga, MD, Mayo Clinic and Mayo Foundation, 
Rochester, Minnesota 


Patients (pts) with left ventricular aneurysm (LVA) com- 
plicated by recurrent ventricular tachycardia (RVT) have 
a poor prognosis with current medical therapy, standard 
LVA resection and/or revascularization. Recent reports 
suggest that extensive LVA resection, subendocardial ex= 
cision, or encircling endocardial ventriculotomy may be 
more effective in interruption of the RVT mechanism. The 
importance of preoperative and intraoperative RYT induc- 
tion, epicardial and endocardial mapping, and assessment 
of residual myocardial function remain uncertain, 
Observations related to 15 pts with LVA-RVT undergoing 
surgical resection or isolation of LVA utilizing preop- 
erative and intraoperative electrophysiologic data are 
reported. Epicardial (12 pts) plus endocardial mapping 
(3 pts) were performed, Extensive LVA resection modified 
by mapping data were performed in 13 pts. Five of 13 pts 
had resection of a portion of the septum and right ven- 
tricle. One of 13 pts had LVA resection plus encircling 
ventriculotomy; 2 pts had LVA plication, Eight of 15 pts 
had revascularization. 

Two pts died in the early postoperative period, one with 
RVT. All survivors were improved hemodynamically with ao. < 
mean follow-up of 19 months (range 2 to 40), Spontaneous 
RYT has been observed or suspected in only one patient: ~ 
Excision or isolation of LVA ischemic margins appear 
important. Preoperative and intraoperative electrophysi- 
ologic assessment appears advantageous in patient selec. 
tion and designing surgical intervention. 
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COMPARISONS OF THE EFFECTS ON SURVIVAL OF CORONARY ARTERY 
SURGERY IN SUBGROUPS OF PATIENTS FROM SEATTLE HEART WATCH 
T.A. DeRouen, PhD, K.E. Hammermeister, MD, FACC, H.T. 
Dodge, MD, FACC, University of Washington, Seattle, WA 


Previous comparisons of survival between medical and sur- 
gical cohorts in Seattle Heart Watch demonstrated signi- 
ficantly higher survival among surgical patients overall, 
and in the only attempt to lcok at subgroups, in those 
--With 2 vessel disease. The purpose of this study was to 
: further evaluate the effect cf surgery in subgroups of pa- 
tients, utilizing additional follow-up (average time in 
study now 5.5 years), to identify subgroups in which the 
effect of surgery was greatest, as well as others in which 
the effect was less beneficial or ineffective. Cox's re- 
“gression model for survival data was used to evaluate the 
fect of surgery in subgroups while adjusting fer differ- 
ences between the cohorts in 7 variables earlier identi- 
fied as having prognostic importance: ejection fraction, 
presence of ventricular arrhythmias on the resting ECG, 
age, heart murmur, stenosis of left main coronary artery, 
‘number of stenotic (>70%) vessels, and use of diuretics. 
: The afialysis was based on 1533 patients (1158 surgical, 


E “375 medical) on whom complete data for these 7 covariates 


owas available. Subgroups in which surgical patients dem- 
Oistrated significantly higher (P<0.01) survival than međ- 
ical patients included those with 2 or 3 vessel disease; 
these of age > k8; those with no heart murmur; no ventri- 
cular arrhythmias on the resting ECG; with < 50% stenosis 
of the left main artery; not taking diuretics; without 4 
history of congestive heart failure; absence of cardio- 
megaly. Differences between médical and surgical survival 
in complementary subgroups were not significant, although 
most showed a slight edge for surgery. However, certain 
subgroups demonstrated no beneficial, or even an adverse 
effect of surgery - those of age < L8, especially those 
with 1 vessel disease. 


IMPROVED LONGEVITY FOLLOWING CORONARY ARTERY BYPASS (CAB) 
SURGERY: IS IT REAL OR IS IT AN ILLUSION? 

Virendra S. Mathur, MD, FACC; Robert J. Hall, MD, FACC; 
Efrain Garcia, MD, FACC; Carlos M. de Castro, MD, FACC, 

= Clayton Foundation Research-St. Luke's Episcopal Hospital 
- and Texas Heart Institute, Houston, Texas. 





Several recent publications from large surgical centers 
point to near normal life survival following CAB employing 
‘currently practiced improved techniques. A valid criti- 
cism has been the absence of a proper control group without 
surgery from these non-randomized studies. To examine the 
issue very critically, we analyzed 5 year actuarial surviv- 
al (SUR) in two categories of subsets from a series of 846 
consecutive personally observed patients, 98% of whom have 
been followed. We examined the SUR in several subsets of 
‘patients whose prognosis without surgery is unequivocally 
considered poor and we analyzed the SUR in several subsets 
of patients with different prognostic gradations related 
to the severity of disease. The 5 yr SUR for pts operated 
between 3/73 and 6/76 are as follows: 3-vessel (304), 

93.4%; 3-vessel with abnormal LV (238), 93.3%; 3-vessel 
with ejection fraction <0,45 (70), 91.5%; 3-vessel with 


~~ functional class III & IV (249), 92.2%. Three-vessel with 
-v-ejection fraction <0.45 and FC III & IV (65), 90.9%; 3- 


vessel with 90-100% obstruction in all major vessels (170), 
90.9%. The 5 yr SUR according to prognostic gradations 
was as follows: one, 2 and 3-vessel, 93.5%, 93.1%, 93.4%; 
functional class I through IV, 100%, 97.1%, 91.2%, 92.3%; 
ejection fraction <0.45 and >0.45, 89.1%, 93.6%; normal vs 
abnormal LV 93.6% vs 92.5%; with prior infarction vs with- 
out infarction 92.7% vs 93.0%. 

Conclusion: Restoration of survival tonear normal levels 
in patients with uniformly poor prognosis and elimination 
of anticipated life survival differences between patients 
with varying severity are strong indications that prolon- 
gation of life with CAB is real. 


MEDICAL VS. SURGICAL THERAPY: QUALITY OF LIFE AFTER 5 
YEARS, RO Russell Jr, MD, FACC; JB Wayne, PhD; ED Charles, 
PhD; JJ Kronenfeld, PhD; N Kouchoukos, MD, FACC; A Ober- 
man, MD, FACC; WJ Rogers, MD, FACC; JA Mantle, MD, FACC; 
CE Rackley, MD, FACC; The Univ of Ala in Birmingham, 
Birmingham, Alabama 

This study examines perceived health status (st), use of 
health services, employment st., occupational st., and 
family income for comparable groups of patients (pts.)} 
treated medically or surgically for unstable angina pecto- 
ris. Data for the pts. randomized into the Ala. portion 
of the Nati. Coop. Unstable Angina Study were obtained at 
baseline, in 1977 (8=38 mo.), and im 1979 (x=58 mo.). The 
medical (M), surgical (S), and late surgical (LS) pts. all 
felt their health had improved during the study with LS 
pts. reporting the greatest improvement. M pts. perceived 
themselves to be least healthy, but had the fewest re- 
stricted activity days due to heart disease (M=30, 5=48, 
LS=72). Groups did not differ in use of health services. 
The employment results indicate a change between 1977 and 
1979, In 1979, 62% of M and LS pts. whe were working at 
baseline continued to work vs. 42% for the 35 pts. Regres- 
sion analysis with non-work income, perceived health st., 
work st. prior to entry into the study, and treatment mod- 
ality as significant independent variables explained 87% 
of the variance in return to full-time empl. Discriminant 
function analysis with these same variables predicted empl 
st. correctly in 97% of the cases. Age was not a factor in 
empl. or retirement. 68% of the pts. employed in "“white- 
collar" jobs at baseline were working in 1979 vs. 49% of 
the pts. employed in “blue-collar” jobs. 88% of those 
empl. remained in the same industry; only 61% remained in 
the same job. While the S pts. were less likely to return 
te full-time empl., by 1979 their family incomes were com- 
parable to the other groups. Although M pts. perceived 
themselves to be less healthy, other measures of quality 
of life were similar for M and S pts. 


RESIDUAL LESIONS AFTER CORONARY BYPASS: AN IMPORTANT 
VARIABLE AFFECTING LATE SURVIVAL 

Gerald M. Lawrie, MD, FACC; George C. Morris, Jr., MD, 
FACC; Abraham Silvers, Ph.D; Don $. Chapman, ME, FACC, 
Baylor College of Medicine, Houston, Texas. 


A residual lesion (BL) is a coronary stenosis of >70% 
without a functioning graft attached distal to it. To det- 
ermine the influence of RL on early and late survival (S), 
the S was determined of 844 patients with 1,2, or 3 vessel 
coronary disease operated on between 1968 and 1972. Mean 
age was 53 years (range 26-75). There were 750 males 
(88.8%). A single diseased vessel (DV) was present in 162 
patients (19.2%), 2DV in 387 (45.9%) and 3DV in 295 
(35.0%). The proportional hazards model for S was used to 
give a multivariate analysis to assess the influence of 
the following objective variables om long-term S: age at 
operation (op.); sex; number (no.) of DV; preop. left 
ventricular function (LV); period of surgery, early (1969- 
70) or late (1971-72); no. of RL. S was determined at least 
5 years after op. in all cases. Analysis indicated that the 
following variables independently were associated with 
overall S: age at op. (P€0.01); no. of DV (P¢0.04); qual- 
ity of preop. LV (F€0.001); number of RL (P€0.01). Sex did 
not influence $ (P20.2). Periop. mortality (30 day) app- 
eared to be associated with age, no. of DV, preop. LV, 

time period of surgery, and RL. However, late $ G30 day) 
was associated only with preop. LV (®¢0.01) and the pre- 
sence of RL (P€0.002}. Late S did not correlate with age, 
preop. DV, nor with the period of surgery. Thus although 
the no. of DV influenced periop. mortality, late S$ was un- 
influenced by the preop. DV (P}0.1). This study suggests 
that functioning bypass grafts may influence late S in 
multivessel coronary disease by eliminating the influence 
on S of the successfully bypassed DV and that the extent of 
RL is an important variable in long-term S. 
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LONG-TERM RESULTS OF CORONARY. ARTERY BYPASS FOR UNSTABLE 
ANGINA: MORTALITY, MYOCARDIAL. INFARCTION AND ANGINA 


Dennis M, Davidson, MD, Irene Lamb, RN, John S. Schroeder 
MD,FACC, Stanford University Medical Center, Stanford, CA 


==: The first 81 patients (pts) to undergo coronary artery 
“bypass surgery (CABS) for unstable angina pectoris had 
treadmill exercise evaluation at mean times of 18, 40 and 
72 months (mos) after CABS. Angina was assessed at those 
` times- and at a mean time of 90 mos. The prevalence of 
angina rose from 19% during the first year to 53% during 
the 4th and 5th years after CABS. Clinical and treadmill 
variables did not predict cardiac deaths or events occur- 
ting during the first 3 post-CABS years. Few events were 
‘recorded from 9-36 mos. Thereafter, the incidence of 
cardiac events increased sharply. Life table analysis 
showed that events were more frequent in pts with either 
pre~-CABS evidence of a myocardial infarction or in those 
who reported angina at the 18 mo followup visit (p<.001). 
Maximal heart rates on the 18 and 40 mo treadmill tests 
“were correlated with later events, but they added no 
independent prognostic information. 


Conclusion: The prevalence of angina increased 

steadily during the first 5 postoperative years. Cardiac 
death and myocardial infarction rates began to rise 3 
ears after surgery. These events were more frequent in 
“persons with evidence of myocardial infarction before 
gery and in those who reported angina during the first 
“years after surgery. Treadmill testing added no 
dependent prognostic information. 











EFFECTS OF CORONARY ARTERY BYPASS SURGERY VERSUS MEDICAL 

THERAPY ON WALL MOTION ABNORMALITIES 

John MeAnulty, MD,FACC; Ronald Naito, MD; Cynthia Morris, 

BS; Frank Kloster, MD,FACC; University of Oregon Health 

Sciences Center, Portland, Oregon. 

The effect of coronary artery bypass surgery (CABS) on 
“beft ventricular(LV)wall motion abnormalities (WMA)was eval 
sated in a prospective manner after random assignment to 
“surgical (S ,n=36)and medical (M,n=40)therapy. Follow-up LV 
“angiograms were performed at 8.4 months in S vs 8.1 months 
in M: The two groups did not differ(p>.10)in age,sex,pre- 
vious: myocardial infaretion(MI),severity or coronary ar- 
“tery disease, ejection fraction(EF), or in location type, 
_ormumber of WMA(46/108 in-S and 45/114 in M). Graft patem 

ey was 772. Interval infarctions occurred in 3 $ and 1 M. 

Wall motion improvement in S patients(pts)with patent 
grafts(17/69 segments, 25%)}or. disregarding graft patency 
(24/108,22%)was greater than in M pts(14/114,12%) (p<.05). 
Seven WMA improved in S despite graft occlusion to that 
segment. Exclusion of segments with a previous MI did not 
change the results. 

WMA worsened in 12/69(174) S segments with patent grafts 
and 19/108(18%)overall vs 22/114(19%) in M(p=n.s.). New 
WMA in initially normal segments developed in 17/62(27%) 
segments in S and 14/69(20%)segments in M(p=n.s.);5 new 
WMA segments in 3 and 1 in M developed in regions of inter- 
current MI. 

= Mean EF for S and M was similar and did not change(p=n. 
sijfer either group at the time of follow-up(S-0.62 to 061; 
“M-0.61to 0.60). EF improved by more than 15% in5S and 4 M. 
2 WMA improved more frequently with S than with Mtreatment 

“but this is not always attributable to a patent graft. WMA 
may develop or worsen despite S and without intercurrent 
Mi Alterations in local segmental WMA is not reflected in 
“global LV function as characterized by EF. 





February 1980 The American Journai of CARDIOLOGY Volume 45 419 8 


ABSTRACTS - 





TUESDAY, MARCH 11, 1980 
AM 

EXERCISE TESTING 
8:30-12:00 


FIVE YEAR FOLLOW-UP OF MAXIMAL TREADMILL STRESS TEST IN 
ASYMPTOMATIC WOMEN AND MEN 

William H. Allen, MD, FACC; Wilbert 8. Aronow, MD, FACO, 
Phil Goodman, BS; Perri Stinson, PhD, University of 
California, Irvine 

Of 1,077 asymptomatic adults who had a maximal treadmill 
stress test (MPST), 888 (82.5%) had a 5 year follow-up 
(FU) including 105 of 113 persons (92.9%) with a positive 
MTST. Of 888 persons (311 women and 577 men), bB (5.44%) 
had coronary heart disease (CHD) at FU. Upsloping S-T 
depression > 1.5 mm did not correlate with CHD at FU. 
Downsloping or flat S-T depression > 1.0 mm did not cor- 
relate with CHD at FU in women or in men < 40 years but 
correlated with CHD at FU in men > bO years, P < 0.01. 

No change or an increase in R wave did not correlate with 
CHD at FU in women but correlated with CHD at FU in men 

> kO years, P < 6.001. An exercise time (ET} < 3 min 
correlated with CHD at FU in women, P < 0.001. An ET 

< 5 min correlated with CHD at FU in men > 4O years, P < 
0.001. 





Sens Spec PY RR 
S-T (women) 9.1% 96.6% 6.3 1.9 
S-T (men > 46) 41.2% 79.4% 17.3 2.4 
R wave (women} 20.0% 97.0% 5.6 1.9 
R wave (men > 40} 47.1% 77.82 18.6 2.7 
R wave or S-T (men) 64.7% 62.9% 16.2 2.9 
ET < 3 min (women) 40.0% 96.62 28.6 13.6 
ET <5 min (men > 40) 26.5% 96.2% 42.9 5.6 
S-T or ET <5 min (men) 52.9% 76.08 18.9 3.0 





sensitivity; spec = specificity; 
value of abnormal test; RR = risk ratio 

We conclude: in asymptomatic adults. at FU after a MTST, 
1) downsloping or flat S-T depression > 1.0 mm correlated 
with CHD in men > 40 years, 2} no change or an increase 
in R wave correlated with CHD in men > 40 years, and 3) 
an ET < 3 min in women and < 5 min in men > 40 years cor- 
related with CHD. ki 


= predictive 


LONG TERM FOLLOWUP OF PATIENTS MANIFESTING SEVERE ST DE- 
PRESSION DURING MAXIMAL BRUCE EXERCISE TESTING AND HAVING 
ANGIOGRAPHICALLY NORMAL CORONARY ARTERIES. Craig M. Pratt, 
MD; Gary Nussey; Donna Kanon, BMa; D.Gregg Hopkins, MD; 
and Richard R. Miller, MD, FACC; Baylor College of Medi- 
cine, The Methodist Hospital, Houston, Texas. 

All patients (pts) who underwent Bruce exercise testing 
(ETT) for evaluation of chest pain in the past seven years 
at The Methodist Hospital were screened for those mani- 
festing severe ST segment depression(>2mm downsloping, 
flat or upsloping .08 seconds after the J point).Of these, 
34 pts (9 female, 25 male) had angiographically normal 
coronary arteries (No CAD) and adequate followup informa- 
tion. These pts (mean age 55 years) had a mean followup 
of 3.3 years: (range, 1-7 years). In addition to severe ST 
depression, this group had the following ETT characteris- 
tics: 1) average time to ST normalization=7 minutes; 2) 
failure of blood pressure rise >10mm Hg=3/34 pts (9%): 3) 
Ventricular premature beats (VPBs) with exercise=9/34 
(26.7%); 4) Couplets or VIACH with exercise 3/34(9%); 5) 
VPBs post exercise 7/34(20%); 6) VPBs before exercise 
5/34(15%); 7) 20/34 pts had 2mm maximal ST depression, 
9/34 3mm ST depression, 5/34 4mm ST depression. Catheteri-~ 
zation revealed mean left ventricular end-diastolic pres- 
sure lOmm Hg, and normal left ventricular contractility. 

Present status of these pts (3.3 year mean followup) 
shows a trend to symptomatic improvement. Angina disap- 
peared in 63%, is improved or unchanged in 27% and worse 
in only 10%; 26/34 pts(76%) have maintained their previous 
employment and only 4/34 pts(12%) necessitated job change 
because of continued chest pain. Importantly, in the 3.3 
year followup interval there were no deaths. Thus, the 
prognosis of 5 2mm ST depression during ETT in pts with 
no CAD is excellent, both for survival and continued pro- 
ductive employment status. 
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ABBREVIATED RAPID ONSET EXERCISE STRESS TESTING FOR THE 
<: EXPOSURE OF VENTRICULAR ARRHYTHMIA 

. Fhomnas B.. Graboys, MD, FACC; Arno Schoeneberger, MD; 
“Regis A. DeSilva, MD; Virginia Towne; Bernard Lown, MD, 


a FACC, Cardiovascular Laboratory, Harvard School of 


Public Health, Boston, Massachusetts 


Exercise stress testing is an important method for 
exposing advanced grades of ventricular premature beats 
(VPBs)... Deletion of the "warm-up" phase produces a 

_ physical stress akin to sudden "start-stop" activity 
and mere closely approximates demands of daily life. 
The provocation cf VFBs was compared in a standard 
“Bruce ptotocol (ETT) and a "mini-stress" during which 
“patients (PTs) advanced through each of the eight Bruce 


> protocol- stages every 15 seconds. The study involved 


52 PTS, 43 males and 9 females average age 49 years. 

: Hemodynamic and ST segment changes were similar during 
poth exercise forms of testing. Thirty-eight PTS (732) 
undergoing the Bruce ETT exhibited VPBs while 33 (64%) 
did se during “mini-stress." In 10 PTS ETT yielded 
“more advanced grades of VPBs than mini-stress while 7 
PTS, including 3 with VT, had a greater yield with the 
’nind+stress. Hence, an abbreviated exercise test may 
‘he a valuable adjunct in management of PTS with known 

or suspect ventricular arrhythmia. 


MECHANISMS OF INCREASED R WAVE MAGNITUDE WITH EXERCISE IN 
PATIENTS WITH CORONARY ARTERY DISEASE. Harisios Boudoulas, 








_Columbus, Ohio. 

An increase of the R wave magnitude with exercise has 
“heen used to establish the presence of myocardial ische- 
wia in. patients. (pts). with coronary artery disease (CAD). 
The present. studies were undertaken in three different 

~-@roups to define the mechanisms for this phenomenon. I. 
“The effect of Isoproterenol (Iso) infusion (2 pe/min/10 
min) on the R wave magnitude was studied in 10 normals 

“before and after propranolol (Pr) administration 160 mg 
daily fer 2 days. The R wave magnitude decreased with 
Iso (-10.8 + 1.6%, pé0.001) but remained unchanged when 
ise was given after Pr (-0.9 + 24). LI. A maximal Tread- 


“mill exercise test was performed in 25 pts with CAD, not 


“on therapy with stable angina and no resting myocardial 
perfusion defects or segmental contraction abnormalities. 
. The R wave magnitude increased with exercise in 10 pts 
(48,2 + 3%, peO.01) and decreased in 16 (-11.2 + 34, pe 
0.01). The number of coronary arteries with obstruction 
J cge70% wes greater in pts in whem the R wave magnitude in- 


--ereased with exercise compared to pts in whom the R wave 


< magnitude decreased (2.1 + .12 vs 1.2 + .1, pé0.01). 

This suggests that more extensive ischemia was present in 
pts in whom the R wave magnitude increased with exercise. 
FIT. In 10 pts with CAD and stable angina in whom the R 
wave magnitude decreased with exercise before therapy 
(+10.8 + 1.6%, pa0.01), Pr resulted in an increase of the 
post~exercise R wave magnitude (47.9 + 3.2%, pa0.05). It 
is concladed that the increase of the R wave magnitude 
with exercise is related to inability of the ischemic 
myocardium to respond to adrenergic stimulation. Further 
more, changes of the R wave magnitude to diagnose ische- 
mia must be interpreted with caution in pts who are on 

-blocking agents. 
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HEMODYNAMIC RESPONSES TO STATIC. EXERCISE ARE DEPENDENT ON 
THE MASS OF MUSCLE ACTIVATED. F. Andrew Gaffney, M.P., 
Bente Danneskiold-Samsfée, M.D., Ula Halskov, M.D., and 
Gunnar Grimby, M.D., Ph.D. August Krogh Institute, 
University of Copenhagen, Denmark. 





The generally accepted concept that hemodynamic responses 
to static exercise (Static Ex) are determined by the per- 
cent of Maximum Voluntary Contraction (AMVC) but not the 
mass of muscle activated was reexamined in 10 healthy 
subjects (S), (7 male, 3 female, 21-24 yrs} on 2 days, 

6 weeks apart. Static Handgrip (parallel bar) and knee 
extension, (Tornvall chair) MVC's were determined. (best 
of 3). S's maintained the contraction (Day 1 20% MVC. 
Day 2 18% MVC) for 5 minutes with measures of HR (ECG) 
and mean blood pressure (Cuff, 1/3 pulse pressure + dia- 
stolic) every 30 sec. Order of contraction was varied 
with 20 min. rest between contractions. Differences be- 
tween handgrip and knee extension HR and BP responses 

for the 2 studies were virtually identical. 











Rest 9:30 2:30 5:00 
HR 8223 9744 10843 10924 
beat/min 85+2 9023 9143 9724 
Knee 
Hand => . 
BP 8922 10122 12824 14024 
MM Hg 8822 9743 10942 12123 
(MeantS.E.) 


HR and BP were higher with the larger contracting muscle 
mass throughout both studies (ANOVA p=.005). This would 
suggest that hemodynamic responses to isometric exercise 
are dependent on the mass of muscle activated. The 
higher knee extensicn heart rates suggest a greater 
cardiac output. This, in the presence of a larger muscle 
bed with mechanically compromised blood flow could ac- 
count for the higher BP with knee extension. 


EXERCISE EJECTION FRACTION DIMINISHES AFTER RECOVERY IN 
POSTOPERATIVE AORTOCORONARY BYPASS PATIENTS. 

James L. Cockrell, Jr., BS; Peter N. Zeitler, M3; Lucy S. 
Goodenday, MD; Richard K. Foster, MD; Rodney V. Pozderac, 
MD; V.A.M.€ and University of Michigan, Ann Arbor, MI, 
and Medical College ef Chio, Toledo, OH. 


Exercise (E). ejection fraction (EF) improves in post- 
operative coronary artery bypass patients, but serial 
changes in EEF in the postoperative period have not been 
reported. We therefore measured EEF in § men using ra- 
dionuclide ventriculography approximately 3 weeks follow- 
ing surgery,.when they had reached a 3 MET level of exer- 
cise tolerance in an inhospital rehabilitation program 
prior to discharge. After 9 weeks of a home recovery 
program the patients were reevaluated, using the ident- 
ical protocol, and these results compared to the initial 
studies: 


At Highest Work Rate: (+ 3.B.) 


Post-Op. Pulse EEF EEF ~ Rest EF 

_3 weeks 129 + 12 -71 + .10 -16 + .10 

12 weeks 136 + 13 „6l + 10 -08 + .08 
P< -02 +005 «005 


All 8 patients showed diminished EEF at 12 weeks. 
Measurements made at matched workloads and heart rates 
exhibited reduced EEF as well. Exercise tolerance im- 
proved in most cases. 

We conclude that peak EEF and EEF minus resting EF 
diminished significantly between the 3rd and i2th weeks 
after aortocoronary bypass. This may reflect diminish- 
ed left ventricular performance at 12 weeks following 
surgery. Other possibilities include training-induced 
left ventricular enlargement er the existence of an hy- 
peradrenergic. state immediately following surgery which 
subsides at 12 weeks. 
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Only ICR offers the software technology of micro- 
processors in Holter systems. No other Holter system can 
scan, organize and select more information than ICR, or 
allow you to view and check that information in so many 
ways. More information... more meaningful information 
... gives you the ability to make a better informed 
diagnosis. 

Microprocessor technology means that the ICR Holter 


system can be updated as your diagnostic needs change, 


and as technological advances are made. ICR is chang- 
ing Holter medicine everyday, making it more practical 
and more useful. That’s why we make our equipment 
easy to update. 

Send in the coupon for more information, or call 

toll free 1-800-448-1675. In New York, call collect: (315) 
437-7291. International: TWX: 710-541-1544; Cable: 
CARDIACRE 


jj CF tig far Cardiac 


When your patients depend on you, depend on our technology. 








ail to 
nstruments for Cardiac Research 
6057 Corporate Drive 
East Syracuse, N.Y. 13057 
U.S.A 
Please have one of your representatives 
Please send me your latest Holter system 





contact me 
brochure 
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Address 
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Profession 





Phone 





Holter system you are presently familiar with 





ICR will be at Island No. 222 at the 29th. 
Annual Scientific Session of the ACC, March 9-13, Houston 
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XO long-acting, 
steady-state 


plasma levels 
Achieved shortly after 24 hours... 
maintained for 12 hours* 


o priced for 


greater economy 

Cost is approximately 20% less 
than other long-acting quinidine 
gluconate therapy: 


*Quantity of drug and frequency of administration needed to achieve 
desired clinical results must be determined for each patient 
+ Red Book, 1979 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 
DURAQUIN?® (quinidine gluconate tablets) Sustained Release 
AHFS Category 24:64 
CLINICAL PHARMACOLOGY. in clinical studies, single doses of Duraquin 
produced a mean maximum plasma level at 2 hours which was maintained for 
42 hours. This broad plateau indicates slow, continuous absorption from the 
gastrointestinal tract. 
in multiple dose studies, administration of Duraquin tablets, 660 mg every 12 
hours, produced steady state (equilibrium) plasma levels shortly after 24 hours 
The average quinidine plasma levels (Cramer and Isaksson assay’) were 0 81 
mog/mi and the mean peak levels were 1.16 mcg/m in a group of normal male 
> subjects weighing 75 Kg. Following the last dose at steady state. quinidine plasma 
levels decreased af an approximate rate of 50% in 10 hours. This compares to the 
axpected plasma half-life of 6.3 hours for quinidine sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with 
dosage. While therapeutic levels of 3 to 6 mcg/m! with a range of 1.5 to 9 mcg/mi 
have been reported, these values are based on peak plasma levels determined 
by the less specific Edgar and Sakolow assay? This procedure yields quinidine 
levels averaging 22% higher than the Cramer and Isaksson assay. Plasma levels 
vary considerably in patients receiving identical doses. Therefore. it is advisable to 
adjust the dosage by monitoring plasma quinidine levels. 

INDICATION. Duraquin tablets are indicated for the prevention of premature 
atrial, nodal. or ventricular contractions. They are also indicated for the mainte- 
nance of normal sinus rhythm following spontaneous reversion or electrical con- 
version of atrial, nodal, or ventricular tachycardia. atrial flutter and fibrillation 
(either paroxysmal or chronic). 

CONTRAINDICATIONS. 1. History of hypersensitivity to quinidine manifested by 
thrombocytopenia, skin eruption, febrile reactions, etc. 

2. Complete AV block 

3. Complete bundie branch block or other severe intraventricular conduction 
defects exhibiting marked ORS widening or bizarre complexes 

4. Myasthenia gravis 

5. Arrhythmias associated with digitalis toxicity 
WARNINGS. 1. (a) In the treatment of atrial fibrillation with rapid ventricular re- 
sponse, ventricular rate should be controlled with digitalis glycosides prior to 
administration of quinidine. 

{b) in the treatment of atrial flutter with quinidine, reversion to sinus rhythm may 
be preceded by progressive reduction in the degree of A-V block toa 1:1 ratio 
resulting in an extremely high ventricular rate. This potential hazard may be reduced 
by digitalization prior to administraten of quinidine. 

Recent reports have described increased, potentially toxic, digoxin plasma 
levels when quinidine is administered concurrently. When concurrent use is 
necessary, digoxin dosage should be reduced and plasma concentration should 
be monitored and patients observed closely for digitalis intoxication. 

2. Quinidine cardiotoxicity may be manifested by increased PR and OT intervals, 
50% widening of QAS, and/or ventricular ectopic beats or tachycardia. Appear- 
ance of these toxic signs during quinidine administration mandates immediate 
discontinuation of the drug, and/or ciose clinical and electrocardiographic moni- 
toring. Note: Quinidine effect is enhanced by potassium and reduced in the 
presence of hypokalemia. 

3. “Quinidine Syncope" may occur as a complication of long-term therapy. It is 
manifested by sudden joss of consciousness and ventricular arrhythmias with 
bizarre ORS complexes. This syndrome does not appear to be related to dose or 
plasma levels but occurs more often with prolonged OT intervals. 

4. Because quinidine antagonizes the effect of vagal excitation upon the atrium 
and the AV node, the administration of parasympathomimetic drugs (choline 
esters) or the use of any other procedure to enhance vagal activity may fail to 
terminate paroxysmal supraventricular tachycardia in patients receiving quinidine. 

& Quinidine should be used with extreme caution in: 

a) the presence of incomplete AV block, since a complete block and asystole 
may result. Quinidine may cause unpredictable abnormalities of rhythm in digi- 

-alized hearts. Therefore, it should be used with caution in the presence of digitalis 
-antexication (see 1.(b) above). 

b) Partial bundie branch block. 

c} Severe congestive heart failure and hypotensive states due to the depressant 
effects of quinidine on myocardial contractility and arterial pressure. 

d} Poor renal function, especially renal tubular acidosis, because of the 
potential accumulation of quinidine in glasrna leading to toxic concentrations. 
PRECAUTIONS. 1. Test Dose — A preliminary test dose of a single tablet of 
quinidine sulfate should be administered prior to the initiation of the sustained 
release gluconate to determine whether the patient has an idiosyncrasy to the 
Quinidine molecule. 

2. Hypersensitivity — During the first weeks of therapy, hypersensitivity to quini- 
dine, although rare, should be considered (eg. angioedema. purpura. acute 
asthmatic episode, vascular collapse). 


(QUINDINE GLUCONATE 
TABLETS) SUSTAINED-RELEASE TABLETS, 330 mg 


3. Long-Term Therapy — Periodic blood counts and liver and kidmey function 
tests should be performed during long-term therapy and the drug should be dis- 
continued if blood dyscrasias or signs of hepatic or renal disorders@ccur. 

4 Large Doses -ECG monitoring and determination of plasma quinidine levels 
are recommended when doses greater than 2:5 g/day are administered. 

5. Usage in Pregnancy — Te use of quinidine, in pregnancy, should be reserved 
only for those cases where the-benefits outweigh the possible hazamis to the 
patient and fetus. 

6. Nursing Mothers —The drug should be used with extreme caution in nursing 
mothers because the drug is excreted in breast milk. 

7. Generai—in patients exhibiting asthma, muscle weakness, anc:infection with 
fever prior to quinidine admiristration, hypersensitivity reactions to he drug may 
be masked. 

DRUG INTERACTIONS. 1 Caution should be used when quinidine and its 
analogs are administered cor-currently with cournarin anticoaguianss. This com 
bination may reduce prothrombin levels and cause bleeding. 

2. Quinidine, a weak base, may have its half-life prolonged inpatients who are 
concurrently taking drugs tha: can alkalize the urine, such as thiazide diuretics, 
sodium bicarbonate, and carbonic anhydrase inhibitors. Guinidine and drugs 
which alkalize the urine should be used together cautiously. 

3. Quinidine exhibits a distinct anticholinergic. activity in the myocardial tissues. 
An additive vagolytic effect may be seen when quinidine and drugs having anti- 
cholinergic blocking activity are usec together. Drugs having cholinergic activity 
may be antagonized by quinidine 

4, Quinidine and other antiarrhythmic agents may produce additive cardiac 
depressant effects wher administered together. 

5. Quinidine interaction with cardiac glycosides (digoxin): See WARNINGS. 

6. Antacids may delay absorption cf quinidine but appear unlixely te cause 
incomplete absorption. 

7. Phenobarbital and phenytoin may reduce plasma Ty: of quinidine by 50%. 

8. Quinidine may potentiate tne neuromuscular blocking effect in ventilatory 
depression of patients receiving decamethonium, tubocurare, or succinyicholine 
ADVERSE REACTIONS. Symoatormns-of cinchonism (ringing in the ears, head- 
ache, disturbed vision) may appear in sensitive patients after a single dose of 
the drug. 

Gastrointestinal The mostcommor side effects encountered with qunidine 
are referable to this system. Diarrhea frequently occurs, but # rarely necessitates 
withdrawal of the drug. Nausea, vomiting, and abdominal pain also occur. Some 
of these effects may be minimized by adrninistering the drug with meals. 

Cardiovascular: widening of QRS complex. cardiac asystole, ventricular ectopic 
beats, idioventricular rhythms including ventricular tachycardias and fibrillation; 
paradoxical tachycardia, arterial amborism and hypotension. 

Hematologic: acute hemolytic anemia, nypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis 

CNS: headache, fever, vertigo. apprehension, excitement, contusior: delirium 
and syncope, disturbed hearing ‘tinnitus, decreased auditory acuity), disturbed 
vision (mydriasis, blurred vision, disturbed color perception, photophobia, 
diplopia, night blindness. scotomata). optic neuritis. 

Dermatologic: cutaneous flushing with intense pruritus 

Hypersensitivity reactions: angioedema, acute asthmatic episode, vascular 
collapse, respiratory arrest. 

DOSAGE AND ADMINISTRATION. Dosage should be titrated to give the 
desired clinical effect, eg, elimination of paroxysmal rhythm or reduction in 
premature contractions (See CLINICAL PHARMACOLOGY). This wif often 
require prolonged ambulatory ECG monitoring, as hour-to-hour variability 
senders brief ECG recordings unreliable. When doses larger than 2.5 g/day are 
used, quinidine blood levels should be monitored. if possible, and serial ECGs 
should be followed (See WARNINGS and PRECAUTIONS). 

For prevention of premature contractions and maintenance of normai sinus 
rhythm following electrical conversion, the usual dosage is from 330 mgto 
660 mg every eight hours, most patients requiring the higher dose. 

in elderly patients, and in patients in the lower encol the normal weigh: range, 
plasma quinidine determinations should be considered. Dosage adiustrrents may 
be required. 

OVERDOSAGE. Cardictoxic effects of quinidine may be reversed in part by 

molar sodium lactate: the hypotension may be reversed by vasoconstrictors and by 
catecholamines (since the vasodilation is oartly due toalpha-adrenergic blockade). 
HOW SUPPLIED. N 0071-0850 {P-D 850) Duraquin (quinidine gluconate tablets) 
330-mg tablets are supplied in bottles of 100 tablets and in unit-dose packages of 
100 (10 strips of 10 tablets each} 

t Cramer, G. andisaksson. B Quentitative Determination of Quinidine inPlasma_ 
Scandinavian J. Clin. & Lab. investigation 15, 553, 1963 

2 Edgar A L. and Sokciow M. Experiences with the Pnotofluorometric Dater- 
mination of Quinidine in Blood. J. Lab. Clin. Med. 36, 478, 1950 YF 


PARKE-DAVIS 


Div of Warner-Larbert Co 


PDJA-0003-1-P(12-79) 


A144 


Morris Plains, NJ 7950 USA 








CARDIOLOGY: FRESNO, CALIFORNIA 


The University of California, San Francisco is searching for a chief of 
cardiology in the Fresno-Central San Joaquin Valley Medical Education 
Program. The position is situated at the Veterans Administration Medical 
Center in Fresno. Candidate should be qualified for academic ap- 
pointment at the level of associate professor or professor. Interested 
individuals may submit their C.V. to Howard F. Morrelli, M.D., Professor 
of Medicine and Pharmacology, Chief, Medical Service, Veterans Ad- 
ministration Medical Center, 2615 E. Clinton, Fresno, CA 93703. The 
University of California is an equal opportunity employer. 





ATIS 


7G yy] Se 10 1980 
murquetie’s cuse*... 


still the only exercise system with 
an intelligent microcomputer 








...and still 
_ obsolescence "| 
protected — A 


3 3 1976 Marquette introduced CASE (Computer Assisted 
System For Exercise) with its new unique features of noise rejectiGn 
compressed record, arrythmia detection and final report. 


In 1977 we introduced some notable improvements such as extended 
final report and incremental averaging. More important, every CASE owner 
was able to update his system through simple software revision. 


In 1980 we're introducing new features. « S-T integral measurement * Worst case 
S-T slope interval « Further improved final report ... All with a simple software update. 


This is what Marquette is doing about obsolescence and the protection of your investment! 
Visit our booth at the ACC meeting in March. 
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(414) 355-5000 


ECG Cost Containment 





NORMAL STAUS RHYTHM, pate a 
© POSSIBLE vy betes INF. 
Ess len TE ENSTOER SUB-ENDCCARDIAL INJUR 
© ANTERCLATER: AL ISCHEMIA 
* SLGGEST SERIAL TRACINGS 
* 


MALE» CAUCASIAN AGE 56-55 
HT. 70 IN. wT. 180 LB. 
REPORT 24 I. De 331) am 93 
34 JAN 78 TIR 13 
LOCATION 22 PTION 993 *° 


* 
161 QRS 194 OT 445 + 
430 37 159 








Now At Work In More Than 100 Hospitals 


MUSE (Marquette’s Universal System for Electro- 
cardiography) offers substantial cost contain- 
ment benefits for ECG analysis, storage and 
management. The MUSE system's high produc- 
tivity and elimination of bulky storage files in- 
sures substantial reduction in operating costs. Its 
unique capability of being shared by several 
hospitals offers substantial reduction of invest- 
ment, and facilitates obtaining HSA (Hospital 
Services Administration) “certificate of need:’ 


The system consists of a central processor and 
storage system with remote u MUSE systems 
connected by telephone lines. Each user has 
total capability, equal convenience and data 
base privacy. ECG tracings are taken locally 


and transmitted to the central processor. If, in 
turn, automatically dials the appropriate 
H MUSE remote terminal, and transmits an ana- 
lyzed ECG report for physicians over-reading 
and editing. 

This approach not only proves cost effective, 
but the clinical benefits are substantial due to 
highly accurate ECG parameter measure- 
ments and decreased turn-around time. 

The ever-growing list of MUSE users is testimony 
to its cost containment and clinical effective- 
ness. To learn more about Health Care Cost 
Containment write for the free booklet entitled: 
Health Care Cost Containment With ECG Com- 
puter Systems. 
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YESTERDAY’S REFERENCES 
WEREN’T WRITTEN 
FOR TODAY’S CARDIOLOGIS 


Keep pace with books from Little, Brown 


DIAGNOSIS AND THERAPY OF 
CORONARY ARTERY DISEASE 


Edited by Peter F. Cohn, M.D., Harvard 
Medical School; Peter Bent Brigham Hospital, 
Boston 


“This book should be read by all doctors who wish to 
understand more about the most serious epidemic in the 
industrialised world.” — The Lancet 


From Peter Bent Brigham Hospital and Harvard Medical 
School comes the best clinically oriented reference available 
today on coronary artery disease. It contains up-to-the- 
minute diagnostic and therapeutic information, and explores 
the controversial issues surrounding this timely topic. The 
outstanding list of contributors includes such renowned 
experts in cardiology as Braunwald, Kannel, Zaret, Bruce, 
Hellerstein, Feigenbaum, Bigger, and Rackley. 
DIAGNOSIS AND THERAPY OF CORONARY 
ARTERY DISEASE provides comprehensive coverage 

of the diagnosis, evaluation, prevention, and therapy of 
coronary artery disease. 


509 pages, illustrated. #150320, $32.50 


NOMENCLATURE AND 
CRITERIA FOR DIAGNOSIS OF 
DISEASES OF THE HEART AND 
GREAT VESSELS, Eighth Edition 


By The Criteria Committee of the New York 
Heart Association, M. Irene Ferrer, M.D., 
Chairman 

For its eighth edition, this classic reference has been revised 
with the newest knowledge in cardiology, including the latest 
diagnostic techniques. 

349 pages, illustrated. Clothbound, #605360, 
$13.95; paperback, #605379, $9.95 


b UNDERSTANDING ECGs IN 
INFANTS AND CHILDREN, 
Second Edition 


By L.C. Harris, M.D., M.R.C.P. (London) and 
Ellen Feinstein, M.A.T., both of The University 
of Texas Medical Branch, Galveston 

This compact, precise self-instruction text is the complete 
guide to pediatric ECGs. 


109 pages, illustrated. #348260, $12.50 





Little, Brown and Company 
Medical Division 

200 West Street 

Waltham, Massachusetts 02154 





{v 
A PRACTICAL APPROACH TO 
ANGIOGRAPHY 


By Irwin S. Johnsrude, M.D., East Carolina 
University School of Medicine, Greenville; ar 
Donald C. Jackson, M.D., Duke University 
Medical Center, Durham 

A working reference on available equipment, techniques, 
indications and contraindications, possible complications, 
and overcoming problems. 

579 pages, illustrated. #469807, $48.50 


SEE THESE AND OTHER 
OUTSTANDING BOOKS AT 
LITTLE, BROWN’S BOOTH #134 
AT THE AMERICAN COLLEGE 
OF CARDIOLOGY CONVENTIO 
IN HOUSTON, MARCH 10-13. 


To order, clip and mail to Little, Brown and Comy 
Medical Division, 200 West Street, Waltham, MA 02 


O Cohn: DIAGNOSIS AND THERAPY OF 
CORONARY ARTERY DISEASE, 
#150320-87K 1, $32.50 


O New York Heart Association: NOMENCLATUE 
AND CRITERIA FOR DIAGNOSIS OF 
DISEASES OF THE HEART AND GREAT 
VESSELS, 8th Edition, 

O Clothbound, #605360-89E2, $13.95 
O Paperback, #605379-88U 1, $9.95 
O Harris and Feinstein: UNDERSTANDING EC( 


INFANTS AND CHILDREN, 2nd Edition, 
4348260-88N 1, $12.50 


O Johnsrude and Jackson: A PRACTICAL 
APPROACH TO ANGIOGRAPHY, 
#469807-90AA 1, $48.50 


DO My check for §_______ is enclosed 
Publisher pays postage and handling if payment 
accompanies order. O Please t 


Name 
Address 
O e ee Shite a Zip 
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You are cordially 
invited to attend a 
d Educational 


Symposium on 


Calcium Inhibition 


In Angina: 
Basic and 


Clinical Studies 


Eugene Braunwald, M.D. 





Hersey Professor of the 
Theory & Practice of Medicine 
Harvard Medical School 


The symposium will immediately 


follow the 29th Annual 


Scientific Sessions of the 
American College of Cardiology 


and will be held at: 


The Statesman’s Ballroom of 
The Sheraton Houston Hotel 
777 Polk Avenue, Houston, Texas 


March 13, 1980 
1:30 to 5:30 P.M. 


If you would like to attend the symposium and have not 
yet registered, please do so at the Pfizer Laboratories 
booths 156, 158 and 160 at the Albert Thomas Exhibit Center. 


Be sure not to miss the excit- 
ing film, THE CLINICAL 
SIGNIFICANCE 

OF CORONARY 

ARTERY SPASM. 

This film will be 

shown continuously 

at the Pfizer Laboratories 
“Frontiers in Cardiology” _ 
exhibit (island #164) at the 
Albert Thomas Exhibit 
Center from 8 a.m. to 5 p.m. 
on Monday, March 10 to 
Wednesday, March 12 and 
from 8 a.m. to 12 p.m. on 
Thursday, March 13. 


You may also obtain a copy 
of the brochure, “New 
Concepts in Ischemic Heart 
Disease: The Role of 
Coronary Artery Spasm” at 
booths 156, 158 and 160. 


’ 
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. Lamar Hotel 

. La Quinta—Greenway A 
. Marriott Hotel—Astrodome 
18. | 
. Martinique Motor Lodge 
. Memorial Park Motel 

. Memorial Plaza Holiday Inn) 
. Ramada Inn—Dome 3 
. Ramada Inn—Downtown Z 
. Ramada Inn—Southwest 
. Roadrunner—Main 

. Rodeway—Greenway 

. Savoy Houston 

. Shamrock Hilton 

. Sheraton Houston 


. Stouffer's Greenway Plaza 
. Tidelands Motor Inn 

. Tides II Motor Inn 

. The Hilton Southwest 


. Travelodge Tower at Houston 


. Albert Pick Motor Inn 

. Allen Park Inn 

. Astro Village Tower and Lodge 
. Center City Motor Inn 

. Galleria Plaza Hotel 


Guest Quarters 


. Holiday Inn—Astro Village 
. Holiday Inn—Central 

. Holiday Inn—Downtown 

. Holiday Inn—Medical Center 
. Holiday Inn—West Loop 
. Houston Grand Hotel 

. Houston Oaks 

. Hyatt Regency Houston 
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RESPONSE TO EXERCISE EARLY AFTER. UNCOMPLICATED ACUTE 
MYOCARDIAL INFARCTION IN UNMEDICATED PATIENTS 
Willian B. anyer MD; Gerald M, Koppes, MD, FACC; 

‘les H, , MD, FACC; and Frederic G. Jones, MD, 
FACC, Wilford Hall USAF Medical Center, San Antonio TX. 


“Cardiovascular function and follow-up have not been 
-Adequately defined early after an uncomplicated acute 
< myocardial infarction (AMI} in unmedicated patients 
““(pts).. Ninety such pts were studied with treatmill test- 
ing (TT) submaximally at 3 weeks and maximally at 8 
weeks. The exercise heart rate (HR), rate~pressure 
product (RPP), and oxygen uptake (002) at 3 weeks were 
120417 beats/min, 179443 and 17.4+1.0 ml/kg/min and at 
8 weeks were 157420, 271455, and 24,3+3.7 respectively. 
Maximum HR, RPP and 002 with the 3 week TT were 788115, 
878413 and 74%410 respectively of the 8 week maximum 
values. Exercise variables at submaximal equivalent 
exercise work did not change from the 3 to 8 weeks. At 
maximal exercise 15.6% had ST. changes alone, 8,9% had 
angina alone and 12.2% had both. Pts were followed for 
a mean of 23.7 months for complications — death, rein- 
farction, bypass grafting, and progression to AHA Class 
-i III-IV, Complications occurred in 27% with angina and 
> $T changes, 29% with ST changes, 25% with angina, 8% 
-- with ventricular ectopy only, 12% with normal 8 week TT 
and. 17% in the group as a whole. Another 18 pts who 
were unmedicated and uncomplicated could not perform 
i maximal 8 week TT and 39% suffered long term complica- 
tions. In conclusion, these reference values serve as 
safe limits in performing TY early after AMI. ST 
changes and/or angina and inability to complete a maxi- 
— mal 8 week TT identify pts at risk for later complica- 
o tions even though these pts may have been considered to 
= Pe in a low risk category clinically. 








EARLY POST-MYOCARDIAL INFARCTION TREADMILL STRESS TESTING: 
AN- ACCURATE DISCRIMINATOR OF MULTI AND SINGLE VESSEL 
CORONARY DISEASE. Colin M. Fuller, MD; Albert E. Raizner, 
MD,FACC; Mario $.Verani, MD,FACC; Patricia A. Nahormek,MD; 
Alfredo-Montero,MD, Richard R.Miller,MD,FACC, Robert A. 
Chahine,MD,FACC. Baylor College of Medicine, Veterans 
Administration Hospital, Houston, TX. 
: Because the first months after myocardial infarction 
(ML) are a relatively high risk period, early detection of 
post-MI patients (pts)with multivessel coronary disease 
<: (CAD) may be important. Accordingly,22 consecutive pts 
(mean age 53 years, range 40-65) without heart failure or 
angina underwent limited treadmill testing (LTT) (peak 
heart rate 120 or symptoms) an average of 13 days post MI. 
. twelve pts had inferior MI and 10 anterior MI. The 7 pts 
with LTT-induced angina (AP) and/or ischemic ST segment 
depression {+LTT) underwent cardiac cath (CC) 4 weeks 
post-MI; 15 pts with -LTT had maximum (MAX) TT and CC 
8-12 weeks post-MI. The 3 major coronary arteries were 
scored for stenoses (score)! normal=0; <50%=1; 50-90%=2; 
multiple 50-90%=3; 91-99%=4; 160%=5. 





LIT N Score SVDŽ  MVDZ _ Events 
FETT 7 10.7+2.6 15 85 5 
-LTT 15 6.612,67 P% 00L 80 20 l 
4LTTt 4  11.042.8 0 100 3 
-LTT 12 5.51.4 7P<:00l. 100 0 1 


Nenumber pts; SVD=single vessel stenosis; MVD=multivessel 
Stenoses; Events=post-discharge unstable angina; t=first 


-SME None of the 10 pts with -LTT who underwent MAX TT at 


-o 10-weeks post-MI, had a positive MAX TT. Thus, pre-dis- 
‘charge LTT in MI pts is predictive of extent of CAD and 
< subsequent unstable angina. Importantly, these data sug- 
“gest that -LTT excludes multivessel stenoses in pts with 

< first ME and thereby may select subsets of pts in whom 








< post: MI coronary arteriography may be either beneficial 


or unnecessary. 


February 1980 The American Journal of CARDIOLOGY Volume 45 421 
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IMMEDIATE PSYCHOLOGICAL IMPACT OF EXERCISE TESTING SOON 
AFTER MYOCARDIAL INFARCTION 

Craig K. Ewart, PhD, C. Barr Taylor, MD, Albert Bandura, 
PhD and Robert F. DeBusk, MD, FACC, Stanford University 
Medical Center, Stanford, CA. 


Patients’ confidence in their ability to resume normal 
activities after myocardial infarction (MI) was measured 
in 10 men mean age 50, before and after completion of a 
symptom-limited treadmill exercise test (TM) 3 weeks 
after the acute event. Confidence was assessed immedi~ 
ately before and after IM, using a self-efficacy scale in 
which patients rated their ability to 1) walk, 2) ia 
variable distances 1 block - 2 miles and 3) engage in 

sexual intercourse for various periods 1 - 20 minutes. 
The pretest evaluation also measured depression (by ques- 
tionnaire and structured interview) and sexual satisfac- 
tion and adjustment to MI. Results: confidence in all 3 
areas of functioning increased significantly (p< 0.05), 
especially with respect to sexual ability (p< 0.02). The 
increase in sexual confidence was most pronounced in 
patients who had the least confidence in their ability: 
and lowest satisfaction scores prior to TM. Increments 
in sexual satisfaction were correlated with pre-TM 
depression as measured by the Beck questionnaire and 
Hamilton interview (r=0.78, 0.81, respectively, p< 6.05); 
Conclusions: 1) exercise testing soon after MI enhances 
patients' confidence in their ability to resume normal: ; 
activities including sexual intercourse. 2}Becaäuse sexuat- 
capacity and sexual satisfaction ate good measures. of : 
overall adjustment to MI, the enhanced confidence > 
observed in these patients suggests that TM testing soon: 
after MI may have a generalized psychological benefit. 
3) This benefit is greatest for patients who are most 
depressed and/or report the poorest sexual adjustment. 











ADVANTAGES OF EXERCISE IMAGING IN PATIENTS WITH EQUIVOCAL 
TREADMILL EXERCISE TESTS 

Louis Wasserman, MD, Abdulmassih S. Iskandrian, MD, FACC, 
Gary Anderson, MD, FACC, Hamid Hakki, MD, Bernard L. 
Segal, MD, FACC, Cardiovascular Institute of Hahnemann 
Medical College and Hospital, Philadelphia, Pennsylvania 


Equivocal Treadmill Exercise Tests (TET) are seldom re- 
ported and thus their true prevalence is unknown. At “our 
institution, 33% of all TET are equivocal. 65 patients 
(pts) with equivocal TET underwent exercise thallium-201 
perfusion imaging (Ex-P), as. well as coronary arterio- 
graphy. All pts were evaluated for chest pain suspected 
to be angina pectoris. The TET were inconclusive because 
of the presence of ST depression in the resting ECG, or 
inadequate heart rate response during exercise (in the 
absence of diagnostic ischemic ST changes), Based on the 
results of Ex-P, the pts were divided into: Group I (20 
pts) with perfusion defects (PD) in the exercise images 
(that filled partially or completely in the redistribution 
images), and Group II (45 pts) with normal exercise 
images. 19 pts in Group I (952%) had severe coronary 
artery disease (CAD >70% narrowing of one or more vessels} 
37 pts in Group II (82%) had no CAD. Thus, the correct 
diagnosis was predicted in 56 pts (862). The sensitivity 
and specificity of Ex-P were 70% and 97% respectively. 

In conclusion, Ex-P is extremely useful in pts with equi- 
vocal TET. Its high specificity suggests that pts with 
exercise induced PD have, in general, severe CAD. The 
absence of PD, however, does not entirely exclude CAD. 
Such normal images may be related to inadequate stress. 
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LOCALISATION OF SINGLE VESSEL CORONARY ARTERY DISEASE BY 
EXERCISE ELECTROCARDIOGRAPHY AND THALLIUM SCANNING. 
Richard F. Dunn, FRACP; Ben Freedman, MB; Ian K. Bailey, 
FRACP; Roger F. Uren, FRACP; David T. Kelly, FRACP, 
FACC, Hallstrom Institute of Cardiology, Sydney, 
Australia. 


In 39 patients (pts) with single vessel disease (SVD} 
and no previous infarction exercise thallium scanning 
and exercise ECG (E.ECG) were compared to try and 
identify the site of coronary obstruction. Significant 
(>70% diameter reduction) stenosis was present in the 
left anterior descending (LAD) in 21 pts, in the right 
coronary (RCA) in 14 pts and in the circumflex (LCX) in 
4 pts. Anterior wall thallium defects (TD) were present 
in 17 of the 21 pts (81%) with LAD and 1 of the 18 pts 
(6%) with RCA or LCX (p<.0005). Inferior wall TD were 
present in 2 of the 21 pts (10%) with LAD and all 18 

pts (100%) with RCA or LCX (p<.0005). Ischaemic ST 
depression (ST¥) (>lmm) on E.ECG in the inferior leads 
{L2,3,AVP) was present in 14 of the 21 pts (67%) with 
LAD and 7 of the 18 pts (39%) with RCA or LCX (p=NS). 
Lateral (V4-6) ST+ was present in 14 of the 21 pts (67%) 
with LAD and 10 of the 18 pts (S6%) with RCA or LCX 
(p=NS). ST} in V2-3 was present in 8 of 21 pts (38%) with 
LAD and 2 of 18 pts (11%) with RCA or LCX (p=NS). ST 
elevation (ST+) in Vl and/or AVL (>lmm) was present in 
LL of 21 pts (52%) with LAD and none of the pts with RCA 
or LOX (p<.005). Exercise TD can localise the site of 
coronary obstruction in pts with SVD but exercise STH 
does not. ST+ in Vl and/or AVL may identify LAD disease. 


COMPARISON OF RADIONUCLIDE AND CONTRAST TECH- 
NIQUES IN ASSESSING EJECTION FRACTION AT REST AND 
DURING EXERCISE 
>. Bim Sharma, MD; Gary Francis, MD, FACC; S. H. Tsai, MD. 

Hennepin County Medieal Center and the University of Minnesota, 
Minneapolis, Minnesota. 


To validate the technique of radionuclide angiography at rest 
and during exercise, left ventricular ejection fraction (EF) was 
determined in 26 patients using contrast ventriculography (CV) 
and multigated aquisition blood pool imaging (MUGA). Both 
Exercise-CV and Exercise-MUGA were performed in 15 patients 
with coronary artery disease. Contrast ventriculography was done 
in the RAO view using the single plane area-length method. 
MUGA was performed using a semi-automatic edge detection 
time-activity technique in the LAO view. Submaximal supine 
exercise was performed at the same workload and for similar time 
periods with both techniques, MUGA and contrast ventricu- 


-Aography were done within 24 hours of each other. Rest-CV 


demonstrated a mean ejection fraction of 5844% (meantSE), while 
the Rest-MUGA mean ejection fraction was 5344%. The correla- 
tion between Rest-CV and Rest-MUGA was r=.83, p<.0001. The 
mean ejection fraction during Exercise-CV was 61+4% and during 
Exercise-MUGA. was 5844%. The correlation between Exercise- 
CY and Exereise-MUGA was r=.69, p<.006. The change in 
ejection fraction from rest to exercise with contrast ventriculog- 
raphy was not significantly correlated with the change in ejection 
fraction from rest to exercise by MUGA (r=-.19, p>.6). Thus, 
although the ejection fraction with CV and MUGA correlated well 
for both rest and exercise, changes in ejection fraction from rest 
to exercise did not correlate. These data suggest that further 
studies are required to resolve the difference between these two 
techniques for assessing left ventricular function. 


TUESDAY, MARCH 11, 1980 

AM. 

CORONARY ARTERY DISEASE: NATURAL HISTORY AND 
PATHOLOGY 

8:30-10:00 


A NATURAL HISTORY STUDY OF ASYMPTOMATIC CORONARY DISEASE 
James R, Hickman, Jr., MD, Gregory 5. Uhl, MD, Rosa L. 
Cook, RN, MS, Peter J. Engel, MD and Andrew Hopkirk, MD, 
RAF, USAF School of Aerospace Medicine, Brooks Air Force 
Base, TX 


Ninety males, age 4544.7 years, with asymptomatic coro- 
nary disease (ACD) without previous infarction (MI) were 
followed for 57 £2.5 months (range 3-102 mos} to detect 
initial events {E}, defined as angina (À), MI, or sudden 
death (SD). Seventy-eight patients had lesions 250%; 12 
had lesions 230% <50%. Group I, 64 patients, remained asym- 
ptomatic (asx), while Group II (22 patients) had E. Four 
patients had bypass surgery (BP) while asx, 3 remaining 
asx after BP. In Group II, E's occurred as A in 16 
patients (31 £5 mos), MI in 4, and SD in 2. There were no 
other cardiac deaths. Four A patients had subsequent MI's. 
Three A patients had BP for symptoms, 2 remain asx. The 
distribution of evenzs was not significantly different be- 
tween single, double, and triple vessel disease (TVD). 
"High risk" (HR} lesions, defined as 330% left main (LM), 
90% proximal left anterior descending (PLAD), or TVD with 
3 vessels 275%, were found in 22 patients. Seventeen HR 
patients (77%) were asx at 45+ 9 mos. Of 11 ER TVD, 2 had 
BP while asx, 2 others developed A, and 7 others remain 
asx at 50 + 8.5 mos. Of 3 PLAD's, 2 are asx (34, 38 mos) 
and one has A at 22 mos. Of 8 LM's, 4 are asx at 46 10 
mos, 2 have A, one had BP while asx, and one had SD. Group 
I and II did not differ when risk factors (RF) of choles- 
terol, smoking, hypertension, and family history were com- 
pared singly, but 10 of 22 in Group II hadz 3 RF vs 7 of 
64 in Group I (p <@.C01). We conclude in ACAD that (1) the 
5 year prognosis is good, even for HR patients, (2) angio- 
graphic severity is not a strong predictor of events while 
2 3 RF may be a strong predictor, and (3) angina, as opposed 
to SD or MI is the most common initial event. 


CORONARY HEART DISEASE IN 48 AUTOPSY PATIENTS 30 YEARS OF 
AGE AND YOUNGER 

Renu Virmani, MD, Max Robinowitz, MD, and Hugh A. McAllis~ 
ter, Jr., MD, FACO, Armed Forces Institute of Pathology, 
Washington DC 


Few reports have appeared describing the morphologic ap- 
pearance of coronary arteries (CA) in fatal coronary heart 
disease in patients (pts) less than 30 years of age. 48 
cases ages 16-30 years (avg 24) were studied; 46 were men, 
2 women; 38 were Caucasian, 10 Bleck. In 21 pts death 
occurred suddenly without chest pain, while in 27 there 
was a history of chest pain or discomfort before death. 
Of the 34. pts in whom a history cf risk factors could be 
elicited, only 14 (412) had a known predisposition to cor 
onary heart disease (angina pectoris, 1; diabetes mellitus 
2; systemic hypertension, 3; hyperlipoproteinemia, 2; ob- 
esity, 4; mediastinal irradiation, 2). In all 8 in whom 
ECGs were done, a pattern of infarction was present. The 
heart weights ranged from 240-550 2 (avg 381). Gross acute 
myocardial infarction was seen in 17 (352); histologically 
necrosis was present in 23 (48%). Transmural scars were 
present in 3 pts, and subendocardial scars in 7 pts. Of 
the 4 major CA examined, only one ZA was >75% narrowed in 
cross sectional area by atherosclerotic plaque in 24 pts; 
2 in 17; 3 in 4; and all 4 CA in only 3 pts. The most 
common CA involved was the left anterior descending (LAD) 
in 41 (85%); in 18 pts ft was the enly CA invelved. Iso- 
lated left main CA disease was present in 3 pts. Thrombi 
were present in 25 (52%) pts, and again LAD CA was the 
most often involved. The atherosclerotic plaques mostly 
consisted of foam cells, fibrous tissue, and pultaceous 
debris with minimal calcifie deposits, yet in the majority 
of these yomg pts the aorta was minimally atherosclerotic. 


422 February 1980 The American Journal of CARDIOLOGY Volume 45 








SUDDEN DEATH WHILE RUNNING IN CONDITIONED RUNNERS: Coro- 
nary Disease is the Culprit 

Bruce F. Waller, MD, William C. Roberts, MD, FACC, 
National Heart, Lung, and Blood Institute, Bethesda, 
Maryland 





The amount and extent of coronary arterial (CA) narrowing 
“by. atherosclerotic plaques (A) in conditioned runners is 
unknown. We studied at necropsy 6 runners who ran 2-20 
Miles/day (m=8) or 14-110 miles/week (m=52) for 1-10 
years (m=4). All died while running, and at necropsy all 
had coronary disease (severe A in 5 [aged 40-53 years, all 
men] and a congenital coronary anomaly without atheroscl- 
erosis in 1 [1?-year-old girl]. Of the 5 men, during life 
only one ever had angina and none had an evidence of a 
myocardial infarct. The single symptomatic runner also 
had an abnormal electrocardiogram (ECG) and a positive 
exercise stress test (EST). The ECG and EST in the other 
men were negative. At autopsy, all 5 men had > 75% 
cross-sectional area (XSA) narrowing of the right (R), 
left anterior descending (LAD) and left circumflex (LC). 
Of the 3 men in whom the entire lengths of the R, LAD, LC 
and left main were examined histologically (total 5-mm 
segments = 155), 68 (433) were narrowed > 75% in XSA by A 
and 25 (17%), 51-75%. Four of the 5 men had healed (cli- 
~Cauically silent) myocardial infarcts. Thus, coronary dis- 
‘s ease is the major killer of conditioned runners. 





WALL THICKNESS IN SINGLE VESSEL CORONARY DISEASE: 
EVIDENCE AGAINST A CAUSAL ASSOCIATION OF ISCHEMIA 
AND HYPERTROPHY. 

Kenneth J. Silverman, MD and Bernadine H. Bulkley, MD, 


FACC, The Johns Hopkins Medical Institutions, Baltimore, 
Maryland. 


That myocardial ischemia per se may lead to hypertrophy 

“remains controversial; if true, localized ischemia should lead to 
cardiac asymmetry. To examine this, we studied wall thicknesses 
of autopsied hearts of 20 patients with single vessel coronary 
disease (> 75% narrowing of one major coronary artery) without 
myocardial infarction. Patients with congenital or valvular heart 
disease were excluded. Wall thickness was measured for each 
vascular distribution from cross-sectional radiographs and gross 

~ specimens at the level of maximal left ventricular chamber 
diameter below the critical coronary artery narrowing. Five of 
the hearts had disease of the right, 7 the left onterior descending, 
and 8 the circumflex coronary artery. Each area with patent 
coronaries served as controls. Heart weight ranged from 280 to 

927 gms (avg 569 gms); 14 (70%) of the patients had had 
hypertension. Wall thickness ranged from 0.9 to 2.1 cm (mean 
1.6 cm) for each of the 3 vascular distributions. Analysis of 

¿i variance. showed no significant difference in wall thickness in any 

> vascular distribution with or without coronary stenosis. 

ce Thus, localized ischemia as would be created by a critical 

-coronary stenosis in a single vessel, even in the presence of 

_ hypertension, does not produce left ventricular asymmetry, 

-suggesting that coronary disease per se is not a stimulus for 

© myocardial hypertrophy. 
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INCIDENCE OF THROMBUS IN LEFT VENTRICULAR ANEURYSM; 
SENSITIVITY OF THE ANGIOGRAM AND RELATION BETWEEN 
ANTICOAGULATION AND EMBOLIZATION 

Guy S. Reeder, MD; Maria Lengyel, MD; Abdul J. Tajik, MD, 
FACC; Hugh C. Smith, MD, FACC: Gordon K. Danielson, MD, 
FACC; James B. Seward, MD, FACC, Mayo Clinic, Rochester, 
MN. 


In order to determine the sensitivity of biplane left 
ventricular cineangiography in detecting thrombus in left 
ventricular aneurysm, we reviewed the charts of 100. 
consecutive patients who underwent left ventricular 
aneurysmectomy,. Forty-six percent of aneurysms contained: 
thrombus, and almost all (96%) of the aneurysms were 
anteroapical in- location; these findings are in keeping < 
with those reported in the literature. The cinearigiogram - 
was truly positive for thrombus in 15 of 48 patients and 0. 
truly negative in 39 of 52, which yields a sensitivity of- 
31% and a specificity of 75%. The incidence of thrombus. 
was not significantly different between. 26 ‘chronically. 
anticoagulated patients and 74 nonanticoagulated patients: 
(50% vs. 47%); however, a longer duration of anticoagula=". 
tion was associated with a decreased incidence of thrombus” | 
(P = 0.02). The incidence of clinically detectable ne 
embolism was 5%, again in keeping with results in the 
literature; no anticoagulated patient experienced 
embolism. Thus, we found that half of left ventricular z 
aneurysms contain thrombus, embolism is uncommon, and öar 
results to date indicate that chronic anticoagulation desioi. 
creases the incidence of both thrombus formation and embo= = 
lism. The left ventricular cineangiogram proved to be : 
insensitive for detection of left ventricular thrombus, and: 
therefore the need for a more sensitive technique is ae 
evident. 















HEALING OF CORONARY ARTERY INTIMAL DISSECTION APTER 
PERCUTANEOUS TRANSLUMINAL ANGIOPLASTY 

Gerald Dorres, MD, FACC; Donald A. Spring, MD, FACC; 
Lutheran Hospital of Milwaukee, Milwaukee, WI. 


Percutaneous transluminal coronary angioplasty (FTCA) 

was performed 19 times on 18 patients (pts), with 19 
distinct coronary arterial stenoses using the Gruntzig 
dilatation technique with entry from the brachial (12 
pts), or femoral (7 pts) artery. ‘The stenosis was 
crossed and dilated in 1h pts (15 cases). 13 pts had a 
successful dilatation; 1 of the 13 had a restenosis, and 
a 2nd dilatation. 1 patient. (pt) had 2 different sten- 
oses dilated. 1 pt had myocardial revascularization (MR? 
after PICA. 6 of the 14 pts had angiographic evidence 
of coronary artery intimal dissection (CAID) following 
PICA. 5 of the 6 pts were asymptomatic and had no MR. 

1 of the 5 pts had angina within 1 week, was restudied 
at 3 months (mos.), had a marked stenosis with collat- 
erals, and had a repeat PICA. The other 4 pts remained 
asymptomatic. The Sth pt with CAID had chest i 
ST segment elevation immediately after PTCA, w 
taneously resolved prior to MR. No pts had evidence of 
myocardial necrosis by CPK enzymes, EKG, or pyrophos- 
phate scan. All pts had angicgrams at 3 and 12 mos., 
thallium stress tests every 3 mos., and antiplatelet or 
anticoagulation drugs for 6 mos. 5 pts with successful 
PTCA and CAID had functional improvement and no angina. 
The post MR pt was asymptomatic. The followup angiograms 
show the healing process. These results suggest arter- 
ial healing and repair occurs in CATD due to PTCA, as 
reported in peripheral angioplasty. Therefore, CAID 
need not be cause for alarm when encountered during 

PICA. In fact, CAID may be an expected finding in the 
healing-regression response to PICA. 
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MODIFICATION OF PLATELET FUNCTION IN THE 
TREATMENT OF VASCULAR DISEASE 


THE EFFECTS OF AN ANTIPLATELET DRUG ON MYOCARDIAL 
ISCHEMIA IN PATIENTS WITH CORONARY ARTERY DISEASE. 


Andrew Selwyn, MB,MRCP; Anne Jonathan; Kim Fox, MB, 
MRCP, Postgraduate Medical School, Londons, U.K. 


Receat research has suggested that plateleta may be 
involved in the genesis of myocardial ischemia.Seven 
ambulatory patierts with arggiographically proven 
coronary artery disease were studied with 24 heur 
recording of the ECG and analysis of ST segment 
changes after three, 2 week periods. These were 
nitreglyceriue (GTN) plus placebo, GTN plus 
Ticlepidine (ICI 105062, am oral pyridise compound) 
and GTN plus placebo,(rasdomly allocated). Number of 
episodes of ST depressios whem the heart rate (HR) 
was €70/min. was 7+1.2 on placebe and 140.3 on 
Ticlopidine (P=¢.001). Number of episodes of ST 
depression when the HR was > 90/min was 13+2.7 on 
placebo and 9+1.8 om Ticlopidine. Nocteraal ST 
segment depressios represeated 17+4 % of the total ox 
placebo and 641.7% om Ticlopidine (P=.001). The 
drug caused ae side effects and produced marked 
iukibition ef platelet aggregatioa ia vitro. This 
pilet study showed that the admiazistratios of 
Ticlepidine was associated with a significant 
reduction in the number of episodes of ECG evidence 
of ischemia occuring without iacrease in heart rate 
and at might. This would support tke hypotkesis that 
platelets play a rele ia the genesis eof 

< myocardial ischemia. 


MODIFICATION OF PLATELET FUNCTION BY ASPIRIN AND DIPYRI- 
DAMOLE ACROSS THE MYOCARDIAL VASCULAR BED IN CORONARY 
BISEASE PATIENTS 
dawahar Mehta, MD, FACC; Paulette Mehta, MD; Carl J. 
Pepine, MD, FACC; Robert L. Feldman, MD; C. Richard Conti, 


«oo MD, FACC, University of Florida and VA Medical Center, 


: “Gainesville, Florida 


Platelet aggregation has been shown to be lower in coro- 
nary venous blood compared to aortic blood in coronary di- 
sease patients (pts) possibly related to adhesion of pla- 
telets to atherosclerotic vasculture, We studied the 
effects of aspirin (ASA) 650 mg and dipyridamole (DP) 

100 mg on platelet aggregation responses to epinephrine 
< and ADP and counts in coronary venous and aortic blood 
“in 17 pts with documented coronary artery disease. In all 


cosL? pts, platelet aggregation was lower (P<0,01) in coro- 


“onary venous blood (epinephrine 554+10%, ADP 49+9%) than in 
-aertic: blood (epinephrine 8943%, ADP 754+3%) blood. A 30% 
-oreduction in platelet counts was alse present in coronary 
‘venous blood compared te sortic blood (193,000+16,000 and 
275, 000419,000/mm", respectively, P<0,02). ASA adminis- 
tration in 10 pts eliminated the differences in platelet 
aggregation between corenary venous blood (epinephrine 
48+7%, ADP 53+5%} and aortic blood (epinephrine 54+82, 
ADP 54442). DP given to ether 7 pts also significantly 
reduced the difference in-platelet aggregation between 
coronary venous (epinephrine 714+12%, ADP 56+8%) and aortic 
blood (epinephrine 74+9%, ADP 5B+9%) . The gradients in 
platelet counts were also eliminated both, by ASA and DP, 
(coronary venous blood: 265 ,0004+23,000/mm™, aortic blood: 
271,000+20,000/mm”, P-NS). Thus, both ASA and DP affect 
platelet sequestration in the atherosclerotic vasculature 
similarly. These observations support the hypothesis of 
platelet adhesion in atherosclerotic coronary beds. 
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QUANTITATION OF PLATELET DEPOSITION IN GORE-TEX. FEMORAL 
ARTERY IMPLANTS IN THE CANINE MODEL AND ITS REDUCTION 
WITH DIPYRIDAMDOLE AND PROSTACYCLIN 

Kevin M. Strathy, BA; Mrinal K. Dewanjee, PhD; Michael P. 
Kaye, MD; Shyam Rac, PhD; Valentin Fuster, MD; Mayo 
Clinic and Mayo Foundation, Rochester, Minn. 


The effect of dipyridamole (DP) and prostacyclin (PGIz) on 
platelet deposition on Gore-Tex (GT) and autologous vein 
grafts (VG) has been studied in the femoral artery in 12 
dogs with autologous lll tp-labeled platelets (In-P1). DP 
(2.5 mg/kg/day) was given beginning 2 days prior to sur- 
gery, and PGI; was infused at 25 ng/kg/min from the onset 
of surgery until the removal of the grafts. Ten minutes 
after administration of 300 pCi of In-Pi, 4 mm GT (5 cm) 
and autologous VG (5 cm} were implanted. The time course 
of In-Pi deposition was monitored with an Nal(T1) probe 
with a slit collimator, a gamma camera, and a gamma 
counter. Platelet deposition on GT grafts reached a pla- 
teau level in 3 hours. Dogs were imaged and sacrificed 3 
hours post surgery, and the radioactivity per unit weight 
of grafts, blood, undamaged brachial vein, and other tis- 
sues was determined with a gamma counter. Graft/blood 
and GT graft/vein graft ratios are tabulated below: 


Control {(n=6) DP _(n=3) Pol? (as3 

CT vG GT VG GT VG 
Graft i5.7 4 2.14 LL? +t 1.44 4.7 + 2.04 
Blood 9.7 1.4 10.0 lel 42 1.9 
ot craft 7.5 + 6.8 8.4 49.7 2.4 + 3.0 


DP resulted in 25% decrease in platelet deposition on GT, 
while PGI? reduced deposition by 70%. The thrombogenicity 
of GT in the first 3 hours is & times higher than that of 
autologous VG. This quantitative study demonstrates the 
effectiveness cf DP and PGIg in the reduction of platelet 
deposition leading to the occlusion of vascular grafts. 


PROTECTIVE EFFECT OF ASPIRIN FOLLOWING ACUTE CORONARY 
ARTERY OCCLUSION 

Joseph Reiser, Ph.D., William B. Gough, Ph.D. Gary J. 
Anderson, MD., FACC William Likoff Cardiovascular Insti- 
tute. Hahnemann Medical College & Hospital, Phila, Penna. 


Aspirin (ASA) pretreatment in dogs subjected te acute cor- 
onary occlusion (€0) significantly decreases the incidence 
of sudden death due to ventricular fibrillation. The pur- 
pose of this study was to determine a possible mechanism 
of action of aspirin in preventing ventricular fibrilla- 
tion. The left anterior ceronary artery was acutely liga- 
ted (2.5 cm from its origin) in dogs orally pretreated for 
seven days with ASA (600 mg/day, n=6) or placebo (n=6). 
Ventricular fibrillation thresheld (VFT) was measured 
using 100 Hz, 100 msec trains in nonischemic left ventri- 
cle; ventricular functional refractory periods (FRP) were 
measured in normal, transitional and ischemic regions. 
Serum free fatty acid (FFA) levels were also determined. 
Control VFT's were 12.9 + .4 and 16.1 + 1.7 mA in placebo 
and ASA treated groups, respectively. At 15, 30, 60 min 
post CO, placebo VFT's decreased to 12.1 + 1.2, 10.3 + 
1.3, 12.3 + 1.3 mA, respectively, In contrast, VFT's of 
ASA pretreated animals increased during the first hour 
post CO to 16.2 + 2.4, 20.1 + 2.5 (p < .01) and 17.2 + 2.6 
respectively. FRP's of the ischemic and transitional areas 
shortened in both groups following CO. However,the degree 
of shortening during CO was consistently less in the ASA 
group indicating a decrease in the dispersion of refrac- 
toriness after ASA treatment. Unlike previous studies, FFA 
significantly increased during CO in both placebo and ASA 
groups (p < .05). These studies indicate 1) pretreatment 
with ASA decreases the vulnerability of the ventricle tofi- 
brillation during early acute CO, 2) ventricular protec- 
tion may be due to more homogenous refractoriness and 3) 
ASA does not appear to alter the FFA response to CO, 
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SULFINPYRAZONE DECREASES VEIN GRAFT OCCLUSION IN PATIENTS 
“FOLLOWING CORONARY ARTERY BYPASS SURGERY 

Peter P. Steele, MD; Joseph 0. Rainwater, MD; Robert A. 
-Vogel, MD, Veterans Administration Medical Center, 

Denver, CO. 





‘Platelets probably contribute to occlusion of saphenous 
vein-grafts following coronary artery bypass surgery 


~ (CAB). Platelet survival time (SURV) is shortened in 


“patients with vein graft occlusion and sulfinpyrazone 
(SFP) increases SURV in patients with CAB. Men treated 
with SFP (800 mg po qd) after CAB who have undergone 
post-operative angiography for either recurrence of 
angina (A) (N=50; studied 8-50 mos after CAB; ave 33 
mos) or new myocardial infarction (MI) (N=18; studied 6- 
43 mos after CAB; ave 26 mos) were matched retrospective- 
ly to men with CAB who had not received SFP (A; N=50; 
studied 8-50 mos; ave 33 mos; MI; N=18; studied 6-43 mos; 
ave 26 mos). Men were matched for factors responsible 
for graft occlusion: location and severity of occlusive 
Tesions, location of grafts and time of angiography after 
CAB.. In men re-studied for A, SFP decreased graft occlu- 

ston (10% in SFP; 11/110 grafts vs 26%; 29/110 grafts; 
P<0,01; chi square}; and similar results were observed in 
ME (8% in SFP; 3/38 grafts vs 29%; 11/38 grafts; P<0.05). 

“New total occlusion of proximal Tesions in grafted 

-arteries was not altered by SFP in either A (43% in SFP; 

38/88 arteries vs 38%; 35/92 arteries; NS) or MI (63%; 

20/32 arteries vs 48%; 15/31 arteries; NS}. SFP appeared 
to slow progression of atherosclerosis in ungrafted 
arteries or distally in grafted arteries (12% in SFP had 

25% further decrease in luminal diameter; 25/204 
arteriesvs 21%;.42/204 arteries; P<0.05). Results 

Suggest that SFP decreases graft occlusion following CAB 
and may favorably alter progression of coronary athero- 

“<sclerosis. Platelets may be involved in both processes. 





PHYSICAL CONDITIONING REDUCES EPINEPHRINE-INDUCED PLATELET 
AGGREGATION FOLLOWING MYOCARDIAL INFARCTION. R. Sanders 
Williams, MD, R. Scott Eden, BS, Judith Andersen, MD, 
Duke University Medical Center, Durham, North Carolina. 
Because platelet mediated coronary vasospasm or thrombo- 
sis may be important in the pathogenesis of myocardial 
infarction, we studied the effects. of physical condi- 
tioning (PC) upon in vitro platelet aggregation (P-AG) in 
response to epinephrine (EPI) (1073 to 1076M), ADP (1073 
to 10-6M), and collagen, in 7 male survivors of myocardial 
infarction aged 50 to 61. Subjects were conditioned (walk/ 
= jog/ergometry) for 1 hour, three times weekly, for six 
months-and functional capacity assessed by treadmill per- 
“formance increased from 5.2 0.4 to 9.2 Ł 1,2 METS (p = 
+009). The resting P-AG response to EPI was significantly 
oweduced following PC: peak primary wave P-AG fell from 
40 È FIZ to 18 £ 7% (p= .006); peak total P-AG fell from 
50 t 11% to 18 È 7% (p = .002). The maximum rate of EPI- 
induced primary wave P-AG was also reduced from 45 È 152%/ 
min to 12 £ 4Z/min, though this change fell short of 
Statistical significance (p = .091). In platelet samples 
drawn immediately following maximal treadmill exercise, 
measurements of EPI stimulated P-AG were similarly reduced 
following PC: peak primary wave P-AG fell from 31 Í 6% te 
11 t 4% (p = .049); peak total P-AG fell from 39 È 8% to 
16 t 7% (p = ,039); and peak rate of primary wave P-AG 
fell from 33 t 10 to 12 È 2%/min (p = .069), On the other 
hand, P-AG in response to ADP (1073 to 1076M) or collagen 
= was unchanged following PC, either at rest or following 
» maximal exercise, 
ooosWe conclude that physical conditioning reduces EPI 
induced P-AG in survivors of myocardial infarction, per- 
haps reflecting a platelet alpha receptor subsensitivity 
» following PC, and that this effect is observed both at 
_ rest and following maximal exercise. This effect may be 
“associated with a reduced risk for subsequent coronary 
“artery events in these patients, 
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INTRACELLULAR POTASSIUM ACTIVITY IN GUINEA-PIG ATRIAL 
MUSCLE 

Donald H. Singer, MD, FACC; Clive Marc Baumgarten, PhD; 
Eric D, Miller, BA, Northwestern. University and The 
University of Chicago, Chicago, Illinois. 

Intracellular K activity Gp of guinea-pig atrial 
strips was measured with single barrel K ion-selective 
microelectrodes (ISE) made with Corning 477317 liquid 
ion-exchanger. The average potentials observed with both 
the ISE and a conventional 3 M KCl-filled microelectrode 
were used to calculate ap. 

ag was altered by changing ag within the physiological. 
range and was significantly lower at 1.81 mM ag than at. 
3.62 or 7.24 mM. 





i 





+ 
Klo ag ag Em Eg n 
(mM) (EM) (GaMESE) __(mV+SE) (VESE) (exp) 
2.5 1.81 92.942.6° -86.540.8 -105.140.8 18 
5.0 3.62 102,143.8 ~79.540.5 - 89.141.1 9 
10.0 7.24 98.641.6 -63.540.2 © - 69.840.5 5 


In contrast to the results obtained by others in ven~ 
tricle and Purkinje fiber, E, remained significantly He 
positive to Eg when a? was 7.24 mM. At this al, avery o s 
high concentration of acetylcholine (ACh). (ixlo-4y) ; 
caused a l-3 mV hyperpolarization verifying that E,, was 
positive to Ep. ; : 

At an ar of 1.81 mM, ACh (2x1075M; 5-23 min) hyperpo~ 
larized E, by 7.0+0.9 mV (SE,n=15). Despite ACh, Ever 
mained far (> 10 mY) from Ey: Simultaneously, the ISE at’ 
a remote site recorded a 7.3+0.7 mV hyperpolarization. 
Thus, did not appear to change. In 7 of 20- runs, a 
small (% 1 mV) decay of the ACh hyperpolarization and/or 
a 1-3 mV overshoot on washout was noted. The steady state 
to peak voltage change of both the ISE and Ep on washout 
was significantly greater than that during ACh onset. 

This behavior is consistent with accumulation of K in 
extracellular clefts during ACh exposure. 








EFFECTS OF HYPERKALEMIA ON SINUS NODE FUNCTION: SINO- 
VENTRICULAR CONDUCTION AND SINO-ATRIAL REENTRY 

Robert J. Hariman, MD; Chia-Maou Chen, MD; Department of 
Cardiology, U.S. Public Health Service Hospital, Staten 
Island, New York 


The effects of hyperkalemia on sinus node (SN} function 
were studied in anesthetized dogs. A SN electrode with 
48 terminals was sewn on the epicardial surface of the 
SN. SN electrograms showing diastolic and upstroke 
slopes were recorded at 100 uV/om and a time constant of 
0.1 sec through unipolar leads consisting of terminals 

of the SN electrode and an indifferent electrode on the 
superior vena cava. Electrograms from. the His bundle 
(HB), crista terminalis (CT) and varicus sites of the 
right and left atria were recorded through multiple 
plunge and plaque electrodes. Vagal stimulation was đe- 
livered through a Palmer electrode placed on decentralized 
right vagus nerve. Hyperkalemia up to 10-12 mEq/l in- 
duced by intravenous infusion of KCI (1 mEq/min} re~ 
sulted in: 1) gradual decrease in diastolic slope and in- 
crease in sino-atrial conduction time; the increase in 
sino-atrial conduction time might promote sino-atrial re- 
entry, which was abolished by vagal stimulation; 2) 
gradual decrease in amplitude and disappearance of atrial 
electrograms and P waves, but persistence of SN, CT and 
HB electrograms; the constant sequential activation of 
the SN, CT and HB preceding QRS complexes during spontan- 
eous rhythm and bradycardia induced by vagal stimulation 
proved sino-ventricular conduction via the CT and HB in 
the absence of atrial electrical activity; and 3) various 
degrees of sino-ventricular block during more advanced 
hyperkalemia, due to failure of conduction from the SN to 
CT. This study may provide a better insight into the 
effects of hyperkalemia to the heart. 
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ATRIAL ENLARGEMENT CAN CAUSE ARRHYTHMIAS WITHOUT 
ALTERING. TRANSMEMBRANE POTENTIALS 


Penelope A. Boyden, PhD, Lawrence P. Tilley, DVM, John J. 
Fenoglio, Jr., MD, FACC, and Andrew L. Wit, PhD, College 
of Physicians and Surgeons, New York, N.Y. 


Preparations isolated from enlarged arrhythmic human 
atria have abnormal transmembrane potentials (TP), sug- 
gesting that the abnormal TP may result from the atrial 
enlargement and cause the arrhythmia. The disadvantages 
of studies on human atria are the small size of the spec- 
imens available and the fact that TP from the enlarged 
atrium cannot be compared with TP of normal atrium. Dogs 
with naturally occurring mitral insufficiency have en- 
larged left atria and persistent atrial arrhythmias. We 
recorded TP from the isolated right and left anterior 
atrial wall of 19 dogs with mitral insufficiency (MI) and 
compared them to TP from normal dogs (N). The left atrial 
volume of MI dogs (45cc) was greater (p< .001) than left 
atrial volume of normal dogs (6cc). Right atrial volumes 
were normal. Ten MI dogs had intermittent arrhythmias 
(Group I), and 9 MI dogs had persistent atrial fibrilla- 
tion (Group II). Resting potential (RP) of left atrial 
fibers in I (74 + 6 mV) and in II (74 + 8 mV) were not 
different from each other (p>.05) or from RP of normal 
left atrial fibers (74 + 4 mV). RP of left atrial fibers 
were not different from RP of right atrial fibers in all 
groups (I = 71 + 9 mV), II = 72 +5 mV, N= 75 + 2 mV). 
Mean action potential (AP) amplitude, Vmax of phase 0 and 
AP duration of left atrial fibers in I and II were not 
different from normal or right atrial values. There was 
no abnormal impulse initiation even in the presence of 
norepinephrine in either group. These studies suggest 
that sustained arrhythmias can occur in enlarged atria 
without chronic changes in transmembrane potentials. 


- ELBCTROPHYSIOLOGY OF RIGHT ATRIAL HYPERTROPHY IN CHILDREN 
» William J. Untereker MD, Robert Hariman MD, Allan Hordof 
MD, Robert Boxer MD, Richard Edie MD, Michael Rosen MD, 

FACC, Columbia Univ., College of P&S, New York, NY 


_ Previous studies have shown that maximum diastolic poten- 
tial (MDP) of diseased human atria is lower than that of 
normal human atria. We have shown, as well, a relation- 
ship between ECG P wave duration and MDP of isolated human 
atrial fibers. The purpose of this study was to attempt to 
relate P wave duration with atrial conduction in the in- 
tact heart and the cellular electrophysiology of human 
atrial fibers. We studied children (ages 2.5-11 yrs) with 
congenital heart disease and ECG evidence of right atrial 
hypertrophy who at surgery had large right atria. Pre- 
operative ECG'S were recorded and at the time of surgery, 
“bipelar electrograms were recorded from high and low right 
atrium during sinus rhythm. Atrial tissue was taken from 
the atriotomy site and studied by standard microelectrode 
techniques. We used linear regression to determine the 
relationships. between maximal measured P wave duration on 
ECG and (1) high to low right atrial conduction time 
€RACT), (2) high to low right atrial conduction velocity 
(RACV) and (3) MDP of the tissue specimen. We also stud- 
ied the relationship between RACV and MDP. The ranges of 
MDP were -37 to -70.1 uV; che RACV, .67-1.33 M/sec; the 

F wave durations, 75-102.5 asec. There were significant 
correlations between changes in P wave duration and RACT 
(v=.88, p<.01); P duration and RACV (r=.72, p<.05); and 

P duration and MDP (r=.82, p<.01); and MDP and RACV 
(r=.65, p<.05). Hence, in right atrial disease there is a 
significant relationship between the extent of right atrial 
conduction delay on ECG, RACT and RACV, and MDP of iso- 
lated atrial fibers. This emphasizes the relationship be- 
tween diseased~induced changes in cellular electrophysio- 
logic properties and their effects on conduction in the 
intaet human heart. 


CELLULAR ELECTROPHYSIOLOGY OF A MOTTLED INFARCT IN DOGS 4 
AND 15. DAYS AFTER CORONARY OCCLUSION AND REPERFUSION 
Joseph F. Spear, PhD, FACC; Eric L. Michelson, MD; E. 
Neil Moore, DVM, PhD, FACC, University of Pennsylvania, 
Philadelphia, Pa. 





Normal (N} and infarcted tissues (I) were removed from 8 
dogs 4 and 15 days after 2-stage left. anterior coronary 
occlusion modified by a reperfusion stage. All dogs had 
pacing induced sustained ventricular tachyarrhythmias. In 
58 cells transmembrane potentials were recorded using 
standard microelectrodes; strength-interval curves were 
generated using 4 msec duration current injected through 
the recording microelectrode. Resting potentials (RP) 
and action potential amplitudes (A) were significantly 
less in I as compared to N (p=.905, p=.001} but were not 
different in I after 15 days versus 4 days. While action 
potential duration at full repolarization was not reduced, 
cells in I at 4 and 15 days had depressed plateaus with 
durations at 30% repolarization (D3g) significantly re- 
duced (p=.001, p=.003). Excitability and refractoriness 
of cells within I were not abnormal. Interestingly, 
threshold current {T} was. significantly less for cells in 
I at 4 and 15 days (p=.G01, p=.G02) while the relative 
and absolute refractory periods (RRP, ARP) were not 
different from N, “ 

RP A D30 T: RRP ARP 

(av) {mV} (msec) (nA) (msec) (msec) 
N  83.345.8 99.54+6.8 105441 1,224.67 219450 166+45 
4I 76.849.8 91.14+14.7 64423  .60+.38 208442 148+38 
15I 77.0+3.9 €8.349.0 56436 514.37 223440 168+39 





In conclusion, susceptibility to arrhythmias and action 
potential changes persist for 15 days following infarc- 
tion in this model. Cellular excitability and refrac- 
toriness are net abnormal. 


ANALYSIS OF ISCHEMIC MYOCARDIAL INJURY IN VITRO - 

A MICRGELECTROBE STUDY 

Nenad Belic, MD: John R. Thompson, BA; Denald H. Singer, 
MD, FACC, Northwestern U Medical School, Chicago, IL. 

The separate centributions of hypoxia (HY) & poor per- 
fusion (PP) to ischemic myocardial injury are not well- 
defined. An in vitro method has been developed to differ- 
entiate these effects. Ten dog papillary muscle slices 
were first equilibrated in oxygenated Tyrode's solution 
(TS) at 37°C. Six slices were then exposed to hypoxic TS 
(p0,=36 mmlig) & four to PP by superfusion with paraffin 
oil which permitted 0, diffusion (p0.=156 mig) but no 
washout of. metabolites & other solutes. After 1 hr of HY 
or PP, tissues recovered in oxygenated TS for 1 hr. Using 
standard microelectrode technics, action potentials (AP) 
were recorded from multiple intramural cells before & 
during HY & PP, & after one hr recovery. 








Control 3-4 mia 7-10 min 45-60 min Recovery 
RP HY 83+0 7842 6643 6441 82+1 
(mV) PP 83+1 69+2 6642 N/A 83+1 
AMP HY 10741 103+2 82+7 7942 10841 
(mV) PP 10741 88+4 76+5 N/A 109+2 
APD HY 132+2 99+8 6048 6243 14642 
(ms) PP- 12844 65+7 56+7 N/A 14343 


Resting potential (RP), AP amplitude (AMP), & AP duration 
@ 75% repolarization (APD) all decreased {p<.05) in both 
HY & PP. After 1 hr recovery in beth groups, RP & AMP re- 
turned to control values; APD was lengthened (p<.05). All 
cells exposed to PP were inexcitable from 19.0+4.2 min 
until reflow with oxygenated TS. Cells exposed to HY re- 
mained excitable throughout. Conclusions: 1) Neither HY 
nor PP alone, when Limited to 1 hr in duration, causes 
cell death. 2) Aceumulation of metabolites & other sol- 
utes, rather than HY, is responsible for cell inexcita- 
bility. 3) Membrane effects (increased APD after re- 
covery) of HY & PF are similar. 
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TRANSMEMBRANE ACTION POTENTIAL CHARACTERISTICS OF VEN- 
TRICULAR CELLS DURING VENTRICULAR FIBRILLATION. Toshio 
Akiyama, M.D.;°F.A.C.C.; University of Rochester Medical 
Center, Rochester, New York. 


coo Transmembrane action potentials (AP) from ventricular 
, ells during ventricular fibrillation (VF) have not been 
<> systematically studied. We have recently developed a 
motion-compensated micropipette holder (MCMH) which bears 
a Ling-Gerard type micropipette and a Tyrode's-filled epi- 
= cardjal wells and which moves in. synchrony with heart 
Motion, Stable, continuous impalement of a single sub- 
epicardial céll of in-situ beating heart is often possible 
for several min. Withdrawal of micropipette into Tyrode's 
solution allows accurate measurement of resting potential 
(Vp) and ovérshoot potential (Voy)- AP of subepicardial 
ventricular, cells were recorded in-situ in 12 open-chest 
fluothane-anesthetized.dogs prior to occlusion (control) 
of proximal’ left anterior descending artery (PLAD) and 
during VF, produced by reperfusion (5 dogs) and reper- 
fusion plus direct AC-current application (7 dogs) after 
30. min occlusion of PLAD.. During control, characteristics 
(mean + SEM) of AP at serum Na 140 and K 4.5 mEq/L are: 
excitation rate (R) 115 + 3 beats/min, Vp -79.4 + 1 mV, 
Voy 16.9 + 4.9 mV, 90% AP duration (PAD) 246 + 8 msec. 
During first- 10 min of VF, characteristics. of AP from the 
-¥eperfused areas remain relatively constant, except for 
gradual decline in R, and are: R 193 + 32 beats/min, 
Vp -58.6 £3.1 mV, Voy 2.8 + 3.4 mV, APD 130 + 11 msec. 
They are all significantly different from contro] values 
at p<0.001 except for R.. During VF in 5 dogs subepicar- 
dial cells are made inexcitable without change in VR by 
‘superfusion with verapamil 2 X 10-6 g/ml but not by TTX 
5X 10-8 g/ml. dn summary, 1) during VF, accurate, stable 
AP recording is possible, and 2) most subepicardial cells 
„<ih Yeperfused areas seem to have-AP of slow channel type. 





MECHANISM OF VE\ITRICULAR FIBRILLATION OF THE NORMAL 
MYOCARDIUM g 

John Bianchi; William Balke; Leonard S. Dreifus, MD, 
FACG; Eric L. Michelson, MD, Thomas Jefferson University, 
Philadelphia, Pa. 


-Epicardial delay and diastolic bridging in the ischemic 
“myocardium are frequently observed in association with 
=the onset: of ventricular tachycardia and fibrillation 
= (VFY. Because epicardial or intramyocardial spread from 
< the ischemic to the normal zone is not always evident, 
electrophysiclogic studies were designed to determine 
show abnormal electrical activity results in VF of normal 
myocardium. Two portions, one normal and the other 
ischemic, of dog ventricular muscle joined by a network 
of Purkinje fibers (P) were studied by the extrastimulus 
technique. Pacing in the proximal island of ischemic 
tissue (I) permitted conduction through the P network 
to a distal island of normal tissue (N). Action poten- 
tials were recorded in I, P and normal tissues. After 
a train of 8 basic drive stimuli, 2 premature stimuli 
produced reentry in I which was irregularly transmitted 
to N. Recordings at N demonstrated: 1) multiple irreg- 
ular responses with cycle lengths ranging from 90 to 
150 msec, 2) Wenckebach conduction between 2 or more 
adjacent N fibers, 3) irregular entrance block into 
multiple N fibers, and, 4) inhomogeneous rapid excita- 
tion of N fibers which resulted in total disorganized 
© celectrical activity of the distal N fibers. Conclusion: 
—Microreentry in a small island of ischemic tissue can 
roduee rapid irregular and inhomogeneous excitation of 
normal myocardium via the Purkinje network which is 
_ Sufficient to cause ventricular fibrillation. 











ABSTRACTS 


REGIONAL DIFFERENCES IN TRANSMEMBRANE ACTION POTENTIAL 
(AP) IN GUINEA PIG HEART DURING GLOBAL ISCHEMIA. 

Luiz Belardinelli, MD; Stephen Vogel, PhD; Rafael Rubio, 
PhD; and Robert M. Berne, MD; Dept. of Physiol., Univ. of 
Virginia, Charlottesville, VA, and Research Unit, Insti- 
tuto de Cardiologia do R.S., Porto Alegre, Brasil. 


We examined the ischemic myocardial APs at a time when 
arrhythmias occur. Isolated guinea pig hearts were per- 
fused at a constant flow (l0ml/min) with Krebs-Henseleit 
solution gassed with 95%02+5%C02(37°C, pH7.4) and paced 
at 3Hz. Transmembrane APs were recorded using floating 
microelectrodes. - During global ischemia, there was a as 
progressive decrease of the resting potential (RMP), and: 


a decrease in the AP rate of rise (Vmax) and 50% duration | 





(table). 
. Ischemia i oe 
Control 3-6 min. 15719 20-24 mins 
RMP (mv) ~8241.7 -7441.3 -7022.8 -6642.0 
+Vnax (V/sec) 237452 196451 4949.0 3925.0 
Duration (msec) 109216 7647.0 5723.0 5924.0 


After 15-30 min. of ischemia, ventricular tachycardia 
and reentry-type arrhythmias could be frequently induced 
and/or terminated by extra-stimuli, At this time simul- 
taneous impalements with two microelectrodes revealed: that 
the RMP, +Vmax and duration of the ischemic APs were con- 
sistently more depressed in the left ventricle (LV) than’ 


in the right ventricle (RV). Increasing the heart rate eye oo 


acerbated these differences. The ischemic APs in the LV 
were more depressed by lidocaine (5X1075M) than those in j 
the RV. The slow channel blocker, verapamil- (5X10-76M), dia” 
not affect the ischemic APs. In conclusión, the regional 
variation in the AP during ischemia is a possible factor 
in the observed reentrant-type of arrhythmias. The pharma- 
ecological responses of the ischemic APs suggest the fast 
sodium channel is involved in the ischemic AP. 


VENTRICULAR REFRACTORINESS AT TWICE DIASTOLIC EXCITABILITY 
THRESHOLD: AN UNPREDICTABLE SOURCE OF VARIABILITY 

Eric L. Michelson, MD; Joseph F. Spear, PhD, FACC; E. 

Neil Moore, DVM, PhD, FACC; University of Pennsylvania 

and Lankenau Hospital, Philadelphia, Pennsylvania 


A canine model of chronic infarction has been developed 

in which sustained ventricular tachyarrhythmias can be 
reproducibly initiated using routine methods of programmed 
electrical stimulation (PES). This model is well suited 

to the evaluation of routine electrophysiolegic tech- 
niques. Using constant current unipolar cathodal stimulas 
tion (pulse width 2 msec, drive cycle length 300 msec) 
ventricular strength interval curves (SIC) were construct= 
ed via plunge electrodes located at multiple sites within - 
areas of normal and infarcted myocardium in 10 animals 

in order to determine the relationship of refractoriness 
measured at twice minimum diastolic threshold (VRP) to 
both the effective (ERP) and relative refractory periods 


at those sites. VRP minus 


(in mseécs) ERP RRP VRP ERP 
Normal range 109-153 122-170 124-174 3~26 
N=43 meant+SD 123+ 13 149+ 13 1504 15 18+ 5 
Infarct range 120-230 116-283 114-247 0-62 
N=38 meantSD 158+ 27 195+ 41 185+ 35 27416 


This analysis revealed marked disparities between VRPs 

and ERPs. In normal myocardium VRPs were approximately 
equal to RRPs. VRPs usually fell along that part of the 
SIC where small changes in current caused relatively large 
changes in measured refractoriness. This region was exag~ 
gerated in SICs at sites within areas of infarction. 

This unpredictable and marked variability of the VRP with 
respect to the ERP should be considered in interpreting 
PES studies done at twice diastolic excitability thres~ 
hold, especially in abnormal ventricles. 
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ABSTRACTS 


COMBINATION QUINIDINE-DIGOXIN: UNIQUE ELECTROPHYSIOLOGIC 
CHANGES PRODUCED IN. CANINE PURKINJE FIBER 

William Muir, DVM; Randy Lynn, BS; Richard Sams, Ph.D.; 
Stephen Schaal, MD, FACC, Ohio State University College 
Vet. Med, and College of Medicine, Columbus, Ohio. 


Microelectrode studies of digoxin (D), quinidine (Q) and 
combination digoxin-quinidine (D-Q) were performed on 
dog Purkinje fiber (PF) in tyrodes (T) and blood super- 
fusion (BS) from donor dog to elucidate electrophysio- 
logic mechanisms for the arrhythmogenic D-Q interaction. 
At a petassium (K) of 2.7 mM in T, (Ð) (1-4 ng/ml) pro- 
duced mo change in resting membrane potential (RMP), 
upstroke velocity (dv/dt), action potential duration 
(APD) 40 & 5p- APD 75 & 99 decreased as did effective 
refractory period (ERP}. Bolus (Q) (levels of 1-5 ug/ml) 
produced no change in RMP, decreased dv/dt and APDgo 

& 59 and increased APD 75 & gg and ERP. D & Q produced 
the same changes in BS studies in which Q was infused 
in doner digitalized dog whose blood superfused PF from 
a digitalized dog. Combination D-Q produced changes 
both im T and BS similar to that of Q alone except for 
the dramatic production of 2 levels of steady state 
potential (-90 & -50 to -60 mv). The lower RMP devel- 
oped in 4 of 8 T studies at peak Q concentration and 

in 2 of 10 with BS at therapeutic plasma levels of 

both D & Q. The lower RMP was characterized by spon- 
taneous rhythmic activity, sustained oscillatory after- 
potentials or total quiescence. Hyperpolarizing cur- 
rent pulses, pacing, or increasing extracellular K 
switched RMP. from lower to higher values. These studies 
demonstrate that D-Q combination produces electro- 
physiologic changes responsible for arrhythmias at 
therapeutic plasma levels. Furthermore, the D-Q com- 
bination probably effects a fall in K conductance which 
results in 2 levels of RMP. 


QUINIDINE TOXICITY: AN ELECTROPHYSIOLOGICAL EVALUATION IN 
CARDIAC PURKINJE FIBERS. 


Francis M. Weld, MD, FACC; Jeffrey Rottman, BA; J. Thomas 
Bigger, Jr., MD, FACC, Columbia University, New York, NY 


To evaluate possible mechanisms of quinidine toxicity, we 
studied the effects of quinidine at 10-50 mg/liter on 
isolated calf and dog Furkinje fibers superfused with 
physiological solution containing [K] =4.0mM. At 10-20 
mg/liter, quinidine decreased maximum upstroke velocity 
(Vmax), overshoot, action potential plateau and conduc- 
tion velocity, and made resting and maximum diastolic 
voltages more positive. Exposure to 50 mg/liter caused 
absolute refractoriness in 5-30 minutes in all fibers, 
with a resting voltage of ~40 to -50 mV. Quinidine at 
10-50 mg/liter did not induce either early or delayed 
afterdepolarizations in fibers driven at l/sec. Early 
afterdépolarizations sometimes appeared transiently in 
fibers exhibiting spontaneous slow automatic firing eli- 
cited by hypokalemia» We investigated the mechanism by 
which quinidine suppresses fmax with a double microelec- 
trode voltage clamp technique. Maximum upstroke velocity 
approached control values when a 10-15 second constant 
conditioning voltage clamp preceded membrane excitation, 
suggesting that steady-state voltage-dependent availabil- 
ity of fmax was not significantly depressed. However, 
quinidine markedly delayed recovery of tmax following 
membrane repolarization from -20 mV. The time constant 
for quinidine~induced slowed recovery was about 5 seconds 
at normal resting voltages. We conclude that afterdepo- 
larizations mist be a rare manifestation of quinidine 
toxicity in driven fibers, that the most significant man- 
ifestation of quinidine toxicity in driven fibers is 
depression of action potential phase 0, and that the 
mechanism for phase O depression is markedly slowed Vmax 
recover? kinetics. 
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AXIAL ANGIOGRAPHY IN ATRIOVENTRICULAR CANAL MALFORMATIONS: 
ANATOMICAL-ANGIOGRAPHIC STUDY 
Benigno Soto, MD, FACC; Albert B. Pacifico, MD, FACC; 
ionel M. Bargeron, Jr., MD, FACC, University of 
Alabama Medical Center, Birmingham, Alahama. 


The angiographic representation of the three basic 
anomalies of atrioventricular (A-V) canal malformations 
were studied in 20 patients. The diagnosis was verified 
at operation jin each, ranging im age from 2-10 years. 
Fifteen patients had common atrioventricular valves 
and 5 had two atrioventricular valves. 

A) The atrial septal defect (ostium primum) was 
best demonstrated in the four chamber view after 
selective opacification of the left atrium. B) The 
abnormal ventricular septum was best defined by the 
left ventriculogram in the elongated right anterior 
oblique and four chamber views. It appears as a concave 
contour of.the upper portion of the ventricular septum 
varying from shallow to very deep. C} The anatomy 
of the A-V valves was best demorstrated in four 
chamber view. When a common A-\ valve was present, 

a unique ring was seen sitting cn tep of beth ven- 
tricles. The leaflets were demonstrated by their dis- 
placement during the cardiac cycle. When two valves 
are present, their rings were demonstrated on top 

of each ventricle. The anatomical relation between 
the A-V valves and the ventricular septum was 
successfully demonstrated in the majority of cases. 

Associated. malformations such as atypical 
ventricular septal defects, A-V valve insufficiency, 
or asymmetry in the ventricular size were also best 
demonstrated in four chamber view. 

This analysis shows that the use of specific 
axial instead of conventional projections improves 
angiographic definition of A-V canal malformations. 


A COMPREHENSIVE ASSESSMENT OF ATRIO-VENTRICULAR VALVE 
MORPHOLOGY IN SINGLE VENTRICLE. 

Fernando M, Picchio,MD, Robert N. Freedom,MD,FACC,Joyce R., 
Harder,;MD,C.A.F. Mées,MD, Walter J. Duncan,MD.The Hospital 
fer Sick Children,Toronto, Ontario, Canada. 





Recognition of the form and function of atrio-~ventricular 
(AV) valvesis essential to the surgical management of the 
patient with single ventricle(S¥).Because standard and 
axial angiocardicography may not previde adequate visual- 
ization of the AV valves we have utilized two-dimensional 
echocardiography(2DE)to assess the AV valve(s) in 33 
patients.Angiographically,23 patients(76Z)had SV of left 
ventricular type,3(9Z%)had SV of right ventricular type 
and 5(15Z)had SV of an indeterminate type.By 2DE,7patients 
(21Z)had absent right AV connection,8(24%)had absent left 
AV connection, 11(33%)had double inlet SV and 6(18%)had 
common AV valve.The diagnosis of SV by both methodologies 
was concordant in all casés.Conversely,there was diagnos- 
tic discordance of types of AV connection in 8 patients 
(24%) .In 4,absence of left AV connection was noted on 2DE 
while the angicgraphic diagnosis was either uncertain or 
a common AV vaive.Iin another 4,absent left AV connection 
diagnosed angiographically was proven incorrect when 2AV 
valves were shown by 2DE.Measurement calipers were used 
to compare AV valve size in those cases with 2AV valves. 
Two patients demonstrated significant underdevelopment of 
the left AV valve-possibly preclading a Fontan type of 
repair.in conclusion, ZDE is a highly reliable technique 
in the diagnosis of SV and has been shown to provide a 
detailed and accurate assessment of AV valve morphology- 
thus playing. a major role in the pre-operative selection 
for "complete repair". 
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THE PULMONARY VASCULAR BED (PVB) IN PATIENTS WITH TET- 
CORALOGY OF FALLOT (TOF) WITU OR WITHOUT PULMONARY ATRESIA. 
Marlene Rabinovitch, MD; Victoria H. deLeon MD; Aldo R. 
Castaneda, MD; and Lynne Reid, MD, The Children's ospi- 

tal Medical Center, Boston, Massachusetts. 


At postmortem in 12 patients (pts) with TOF AND 5 with 
TOF + pulmonary atresia (PA), quantitative macro and mic- 
foscopic study of the lung parenchuma and PVS was carried 
zout, to determine the type and severity of abnormality in 
growth and development which could influence surgical 
outcome. Lung volume, alveolar number and size were eval- 
uated, Barium injection and dissection permitted analysis 
of the size and distribution of the pulmonary and system- 
ic collateral arteries (SCA). Intraacinar pulmonary art- 
ery (IAPA) structure and growth were assessed microscopi- 
cally. There was lung hypoplasia in 6/12 TOF and in 4/5 
TOF+PA pts based upon a decrease ()) in total alveolar 
number. The intralobar pulmonary arteries were hypoplas-~ 
tic in 7/11 TOF and in 2/4 TOF*PA pts studied who had 
small or inadequate SCA communications. Three TOF+PA pts 
had 2 or more direct aortopulmonary SCA; these were par- 
tially obstructed muscular arteries at the hilum but nor- 
mal putmonary arteries in structure and distribution with- 
in the lung. In l pt they were the only blood supply to 
2 lobes. Reduction inthe size of IAPA occurred in 3/12 
TOF-and in 4/5 TOF+PA pts. The 7 pts with surgically 
“€Yeated systemic to pulmonary shunts of more than one 
year duration had, in addition, increased arterial muscu- 
larity (severe in 6); this was associated with ain 
artery number in 5, with thromboses in 3, and in 2, with 
 Neath-Edwards Grade IV changes. Early corrective surgery 
-May prevent the development of these abnormalities hy 
eliminating decreased pulmonary Klood flow (Lund hypopla- 
siaj}cand systemic pulmonary shunts, (vascular changes); 
also, ligating direct aortopulmonary SCA may, in some 
eases be detrimental. 










USE OF CAROTID ARTERY FLOW (CAF) PATTERNS AS ASSESSED BY 
DOPPLER ULTRASONOGRAPHY FOR THE. NONINVASIVE EVALUATION OF 
BLALOCK-TAUSSIG SHUNT (BTS) PATENCY 

Gerald A. Serwer, MD, Page A.W. Andergon, MD, FACC, Brenda 
E. Armstrong, MD, Duke University, Durham, N.C. 





As use of BTS for palliation of cyanotic heart disease is 
wide spread and noninvasive evaluation of BTS patency can 
“-sometimes be difficult, work was undertaken to determine if 
“alterations in CAF were produced by BTS and if such alte- 
-- rations can aid in assessing the adequacy of the BTS. 45 
patients (pts) underwent. evaluation of CAF utilizing an 8 
-mHz continuous wave Doppler velocitometer. All studies were 
performed on the carotid artery originating from the inno- 
minate artery with pts in the supine position. Analog re- 
eords were recorded by a strip chart recorder. Pts were 
divided into 2 groups. Group I(n=29)(N) ages 1 day-17 yrs, 
heart rate (HR) 45-162/min, was composed of pts with no 
BIS. All CAF patterns were qualitatively similar despite 
the presence of a variety of intracardiac defects or patent 
ductus arteriosus. Following QRS there was a rapid increase 
followed by a gradual decline in CAF velocity. In early 
diastole there was a second increase in CAF velocity. There 
was continuous forward flow at all times. Group II(n=16) 
(5), ages 1 day~l0yrs, HR 100~165/min, was composed of pts 
who had undergone BTS. 8 were studied pre and post shunt 
performance. Shunt patency was confirmed in all by a rise 
in PaQ2>20torr, cardiac cath, and/or the presence of acon- 
tinuous murmur. Pre-op studies showed CAF patterns identi- 
= cal- to N. All 16 post-op pts showed marked differences in 
othe CAF pattern demonstrable in the immediate post-op 
: period. CAF became 0 in late diastole in all. Retrograde 
_ CAF occurred when the BTS produced congestive heart failure 
ACHP). Features of CAF patterns separating N from S were 
—amaffected by age or HR. The presence of a patent BTS in- 
` duced characteristic changes in CAF patterns with addi- 
“tional distinctive changes present when BTS produced CHF. 


ABSTRACTS 


LONG TERM AFTERLOAD REDUCTION THERAPY IN CHILDREN 


Lee N. Benson, MD; Peter M. Olley, MD; David L. Gilday, 
MD; Richard D. Rowe, MD. The Hospital for Sick Children, 
Toronto, Canada 


Prazocin (P) has been found to be an effective agent for 
afterload reduction therapy in adults, however, the long 
term use of P in children has not been well studied. The 
hemodynamic response of five children (3 with EFE, 1 
with neonatal myocarditis and 1 with an anomalous left 
coronary artery.) unresponsive to anticongestive therapy 


was monitored acutely during P therapy and by echocardio-. ooo 


graphic and radionuclide angiography (RA) during the 3-11-- 
month follow-up. P was initially given in a dose of 

40 ug/kg/6 hourly. Cardiac index (dye) increased and 
filling pressure fell in the first 24 hours after 
beginning P. Echographically, left ventricular systolic 
time intervals fell from a mean of .47 prior.to P, to. 0 
-42 at 1 week and .41 in follow-up with no change in left =- 
ventricular end-diastolic dimension during the study. whe 
Ejection fraction by RA prior to P averaged .24 and rose 
to an average of .35 at 1 week and .40 at follow-up. 
Frequent increases in dosage were required (range 40: to 


175 ug/kg/q6 hourly) to maintain effectiveness, no patient 


suffered any drug complication. Two patients with EFE died. 
2-4 months after beginning therapy. P is effective ; : 
acutely in improving heart failure in children, however, 


long term usefulness requires frequent dosage manipulation 


and has less certain benefits. 





DIGOXIN DISPOSITION IN PREMATURE INFANTS. 


Ronald L. Simonton, MS; Alois R. Hastreiter, MD, FACC; 
Ronald L. van der Horst, MD, FACC; Win L. Chiou, MD; 
Henry Mangurten, MD; Gilbert Lam, MD. University of 
Illinois Hospital, Chicago, Illinois. 


Since information on the disposition of digoxin in prem- 
mature infants is lacking, an analysis of pharmacokinetic 
parameters was performed in 6 premature neonates (ages 
4-7 days, gestational ages 29-35 wks, weights 0.92-1.90 
kg). The infants received.a single I.V. bolus of 0.02 
mg/kg of digoxin and had their plasma concentration (Cp) 
monitored for 48 hours. Mean Cp + standard error of the 
mean (SEM) at 6 of 13 time intervals studied were as 
follows: 10 min-24.942.0, 1 hr-10.341.1, 6 hr- 2.940.5, 
24 hr-2.5£0.3 and.48 hr-2.140.4 "8/ml.. Utilizing NONLIN 
and BMDP computer programs, the data was described by a 
three exponential model (EXM) of the type Cp=Ae"Ot + 
Be-Bt + Ce~yt. The mean SEM of the calculated pharmaco- 
kinetic parameters were: plasma half-life (T!s)= 6747 
hr-?, area under the curve (AUC)=337438"8/ml x hr, vol- 
ume of the central compartment (Vc}=0.58+0.1 L/kg, body 
clearance (C1)=19.721.7 ™l/min/1.73m’, apparent volume 
of distribution (Vgg)=6.241.0 L/kg, and volume of dis- 


_ tribution at stead state (Vgs,)=5.740.9 L/kg. This data 


suggests that in premature infants compared to full term 
neonates or older infants T is lengthened, while Vc, Cl, 
Vag: and Vass are reduced. The data was also analyzed 
with a 2-EXM; however, as in older age groups, 3-EXM re- 
sulted in a significantly better fit than 2-EXM. 
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AM 

10:30- 12:00 

PEDIATRIC ELECTROCARDIOGRAPHY AND 
ELECTROPHYSIOLOGY 


SUPRAVENTRICULAR TACHYCARDIA IN CHILDREN: CLINICAL 
FEATURES, RESPONSE TO TREATMENT AND LONG TERM FOLLOW-UP 
IN 217 PATIENTS. Arthur Garson, Jr, MD; Paul C. Gillette, 
MD, FACC, Dan G. McNamara, MD, Fatt, The Lillie Frank 
Abercrombie Section of Pediatric Cardiology, Baylor 
College of Medicine, Houston, Texas 


Despite the fact that supraventricular tachycardia (SVT) 
is the most common symptomatic dysrhythmia in children, 
relatively few cases are seen in most hospitals, and thus 
invert igatron of large numbers of patients is seldom pos- 
sible. We reviewed the records of 217 children seen at 
Texas Children's Hospital whose first episode of SVT 
occurred before 18 yrs (median age 24 mos). The majority 
came from within 100 miles of Houston (64%). There were 
112 males and 105 females. SVT occurred in 6% of first 
degree relatives. Of the 49 with congenital heart disease 
(CHD), SVT began before any operation in 26 and >2 wks 
postoperatively in 23. WPW was present on surface ECG in 
47/217 (22%). CHF accempanied the first episode of SVT in 
28/74 pts who were 4 mos old or younger (38%) vs 27/143 
pts (19%) >4 mos old (p<.001). The first episode termi- 
nated without treatment (Rx) in 55/197 (28%). Rx was suc- 
cessful in stopping SVT within 48 hrs in 90/142 (63%). 
Successful acute. Rx were: digoxin 57/84 Sees) cardiover- 
sion 12/20 (60%), vagal maneuvers 12/19 (63%), phenyleph- 
rine 3/9 and overdrive pacing 4/5. Chronic Rx was insti- 
tuted in 149/207 (72%). SVT recurred at least once in 86% 
of all pts. On follow-up (mean 4.6 yrs, range 2 days-Z5 
yrs), episodes of SVT were still present in 56%; 29% had 
no SVT, but were taking Rx and only 14% were free of SVT 
without Rx. Three pts died, 2 from incessant SVT and 1 
from a CVA after VSD repair. We conclude that long term 
status was difficult to predict, except SVT was present 
in: less pts whose age at onset was {4 mos vs those whose 
age at onset was >4 mos (41% vs 64%, p<.005) and less pts 
with unoperated CHD vs those without CHD (31% vs 62%, 
p<.001). Finally, early recurrence was not a poor progno- 
atic sign: 63% of those whose SVT recurred at least once 
-had no SVT on long term follow-up. We recommend chronic 
Rx for at least 1 year in all aged pts with SVT, whether 
or not the first episede terminates spontaneously. 


DUAL ATRIOVENTRICULAR NODAL PATHWAY CONDUCTION - A COMMON 
ELECTROPHYSIOLOGICAL PHENOMENON IN CHILDREN WITHOUT 
ARRHYTHMIAS 

Alfonso Casta, MD; Grace S. Wolff, MD, FACC; Ashok V. 
Mehta, MD; Dolores Tamer, MD, FAGC; Otto L. Garcia, MD, 
FACC; Arthur S. Pickoff, MD; Pedro L. Ferrer, MD; Ruey 

J. Sung, MD, FACC; Henry Gelband, MD, FACC. Departments 
of Pediatrics and Medicine, University of Miami, Florida. 


Dual atrioventricular (A-V) nodal pathways (DP) as a me- 
chanism for reentrant tachycardia (RT) are well known in 
adults and children but the incidence of DP in children 
without arrhythmias is unknown. Electrophysiological 
studies were performed in 39 consecutive patients (pts): 
22 preoperative with heart defects and 17 with surgically 
repaired defects, Ages ranged between 2-18 yrs; there 
was no evidence of arrhythmia. Atrial extrastimulations 
were coupled to sinus and/or paced atrial rhythms at dec- 
remental coupling intervals until A4-V nodal effective re~ 
fractory periods (ERP) and functional refractory periods 
(PRP) were reached. DP were identified by a sudden in- 
crease ("jump") in A-V conduction time (AgH2), which 
ranged between 40-185 msec, and resulted in discontinuous 
å-V nodal conduction curves (AjA2, HjH2)}. DP were found 
in -12/39 pts (31%); 8/22 (36%) in the preoperative pts 
and 4/17 (24%) in the postoperative pts. The ERP of the 
fast pathway ranged between 220 and 450 msec; FRP between 
225 and 585 msec, The ERP of the slow pathway ranged 
between 215 and 400 msec; FRP between 430 and 665 msec. 
and both were atrial limited in 6 pts. Values for ERP 
and FRP for preoperative and postoperative pts did not 
differ significantly. Echoes cccurred in 1 pt. and RT 

in none. We conclude that DP are common in children even 
in the absence of overt arrhythmias. While an underlying 
mechanism exists for RT, long term follow up will be 
necessary to determine if these pts are at risk for 
developing RT. 
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CARDIAC RHYTHM AFTER THE MUSTARD OPERATION FOR 
TRANSPOSITION. OF THE GREAT ARTERIES 

Constance J. Hayes, MD; Robert A. Boxer, MD; Ehud Krongrad, 
MD, FACC; Welton M. Gersony, MD, FACC, Columbia- 
Presbyterian Medical Center, New York, N.Y. 


Arrhythmias have been reported with varying frequency following 
the Mustard operction for transposition of the great arteries (TGA), 
However, followup data has been of limited duration, In addition 
the time-course relationship of the development of arrhythmias has 
not been previously elucidated. The cardiac rhythms of 75 pati ~ 
ents (pts) who underwent this procedure at CPMC were reviewed. 
All had normal sinus rhythm (NSR) preoperatively. Six months 
following surgery, 62 pts (82%) were in NSR while 13 pts (17%) 
had various junctional or atrial arrhythmias. In followup of 12 to 
90 months (m = 32 mo.) only 13 pts (17%) remained in NSR. 
Forty-seven pts (63%) had atrial or junctional arrhythmias; 15 pts 
were lost to followup. Of the 47 pts with arrhythmias 2 died sud- 
denly and 2 have hed pacemakers implanted. 

Postoperative ambulatory monitoring was carried out on 33 pts 1 
month to 8 yrs following surgery. Ten pts had NSR; 7 had. brady - 
cardia tachycardia syndrome; 7 had atrial arrhythmias; 6 had pre- 
dominantly junctional arrhythmias and 3 had NSR with junctional 
escape beats. Four pts had multiple PVC's. Three of 7 pts without 
arrhythmias on routine electrocardiogrems had arrhythmias on am- 
bulatory monitoring. In conclusion, (1) the incidence of arrhyth~ 
mias after the Musterd operation increcses with time; (2) sequen- 
Hal ambulatory electrocardiagraphic monitoring of this group of 
patients is important in the detection of arrhythmias. 


ELECTROPHYSIOLOGIC CONSEQUENCES OF MUSTARD REPAIR OF 
TRANSPOSITION OF THE GREAT ARTERIES 

Victoria L. Vetter, MD; Leonard N. Horowitz, MD,FACC; 
University of Pennsylvania, Philadelphia, Pa. 





Electrophysiclogic studies were performed in 15 patients 
(pts) with d-transposition of the great arteries {TGA} in 
whom the Mustard procedure was performed 2 months to 10 
years previously. The protocol included programmed atrial 
(A) and ventricular (V) stimulation with single and double 
stimuli during spontaneous rhythm (SR) and 2 pacec cycle 
lengths (CL), A and V rapid pacing (CL 600-250 msec) and 
catheter atrial endocardial mapping (AEM). SR wag sinus 
in å pts and junctional in ll-pts. Atrial studies were 
normal in 2 pts. Sinus node dysfunction was present in 4 
pts (sinus rates <60, sinus node recovery times 2.5-30 
sec). AEM showed marked intra~atrial conduction disturb- 
ance (IACD) which prevented sinus impulses from reaching 
the AV node in 5 pts. Atrial flutter was inducible by 

PAS in 5 pts. In these 5 pts, IACD was present and atrial 
refractory periods increased at shorter paced CLs. Com- 
plete AV block localized to the AV node was present in 4 
pts, in 2 of these the junctional escape focus was normal, 
in 2 it was depressed. Ventricular electrophysiclogy was 
normal in all pts. We conclude that the electrophysio- 
logic consequences of the Mustard procedure for TGA in- 
clude abnormalities of automaticity, refractoriness and 
conduction and explain the arrhythmias observed following 
this operation. 
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CARDIAC RHYTHM IN SUDDEN INFANT DEATH SYNDROME 

Terrence J. Montague, MB; Philip C. Bagnell, MD; Douglas 

L. Roy, MD; Eldon R. Smith, MD, Dalhousie University, 
“Halifax, Nova Scotia, Canada. 





Although the etiology of sudden infant death syndrome 
-(SIDS) remains uncertain, cardiac dysrhythm (particularly 
bradycardic arrest and dysrhythm associated with QT in- 
‘terval prolongation) continues to be proposed as a likely 
“mechanism. In an ongoing effort to assess this possibil- 
(ity, we utilized continuous 24-48 hr electrocardiography 
~4ECG) te monitor cardiac rate and rhythm in 9 patients 
{pts} with “near-miss” SIDS. There were 7 females and 2 
males with an age range of 9 days to 20 weeks (wks). All 
were previously well although 2 had sibs die of SIDS. 
Each had normal physical and routine laboratory examina- 
tions, including electroencephalography and 12-lead ECG 
{lead II mean QT. = 0.407 + 0.029 [S.D.] sec; lead Y 
Mean Or, = 0,393 1 0,013 sec). 
Sinus rhythm, ranging from 73 to 225 beats/min (mean 
140 + 9} was the prevailing rhythm in all pts. Six pts 
had frequent episodes of mild sinus arrhythmia {SA}; one 
also occasionally had wandering atrial pacemaker. Two pts 
had infrequent moderate SA and another had one period of 
“larked SA (adjacent cycle length variation > 100%). Atri- 

“al ectopics occurred infrequently in 2 pts. QT, from mon- 
“itoring leads was normal in all (mean 0.393 + 07002) with 
‘the: maximum variation during the monitoring period aver- 
aging:0.099 + 0.025 sec. Because of marked SA, one pt re- 
: ceived @ pacemaker at age 4 wks, Despite documented ap- 
-= propriate function of the pacemaker the pt had another 
near-miss" at 6 wks and died suddenly of indeterminable 
ause at 8 wks, These observations suggest: (1) cardiac 
lysrhythm {including QT prolongation) is not readily de- 
“tected Gn a population at high risk of SIDS and (2) brady- 

dysrhy tin or bradycardic arrest is not the primary cause 
of death in all cases of SIDS. 






THE ELECTROPHYSIOLOGIC PROPERTIES OF NORMAL NEONATAL AND 
ADULT CANINE CARDIAC PURKINJE FIBERS. Robert Reder, MD, 
Dennis. Miura, MD, Peter Danilo, Jr., PhD, Michael Rosen, 
MD, FACC, Columbia Univ., College of P&S, New York, NY 


To determine the basis for age-related changes in the 
transmembrane action potentials (AP) of canine cardiac 
“Purkinje fibers (PF), we used standard microelectrode 
- techniques to study PF from neonatal and adult beagles. 
<: Neonatal- PF have a lower maximum diastolic potential 
(MDP) --(=86.2£3.8 mv -91.545.9 mV (MtSD)), AP amplitude 
{amp (126. 144.7 vs 130.826.8 mV) and maximum upstroke 
velocity of phase O (Vmax) (533290 vs 6344103 V/sec) than 

adults. (P<,05). AP duration measured at 50% (141.0113.9 vs 
| :185.4219.9 msec) and 100% repolarization (245.4422.7 vs 

286 .9£28.0 msec) was shorter and phases 1 (11.9410.9 vs 
-1.927.2 mV} and 2 (11.9£10.9 vs 1.3£6.8 mV) occurred at 
higher levels of membrane potential in neonates (P<.05). 
The lower MDP in neonates appears to result from a lower 
intracellular K activity (ak) (studied with a Kt sensitive 
microelectrode}. Neonatal PF showed greater depression of 
AP amp and Vmax on superfusion with the rapid Nat channel 
blocker, tetrodotoxin (TTX), than adults, attributable tc 
an apparent age-related change in the fast Na” channel. 
‘An outward K current blocker, 4-aminopyridine, altered 

phase 1 more in adults than neonates. Adult PF AP repol- 
cgatization was more sensitive to AHR-2666, a putative in- 
‘ward Cat? blocker and less sensitive to TTX than neonates, 
Suggesting that the contribution of Cat? to the AP pla- 
` teau diminishes and that of Nat increases with age. All 
_ drug-induced changes were significant (P<.05}. In summary, 
-aS age increases from the neonate to the adult there are 

Significant changes in ag and MDP, in the fast inward Nat 
“current, in an early re polarizing Kr current, and in the 
slow, inward Catt and Nat currents. These in part explain 

the age-related changes in AP contour. 





ABSTRACTS. 


TUESDAY, MARCH 11, 1980 
AM 

CARDIAC FUNCTION 
8:30-12:00 


LEFT VENTRICULAR FUNCTION AT REST AND DURING EXERCISE IN 
MARATHON RUNNERS 


Walter J. Paulsen MD, Derek R. Boughner MD., PhD., David 


A. Cunningham PhD., University Hospital, London,Ontario. 


To determine the cardiac adaptations to prolonged endur- 
ance training left ventricular echocardiograms were perf- 
ormed in 8 active marathon runners, mean age 27 yre. These 
recordings were made at rest and during 12 mins of stipine 
bicycle ergometer exercise with workloads increasing- by 
25 watts every 3 mins to a maximum of 125 watts. When: 
compared to 10 sedentary controls the significant differ- 
ences (p< 0.01) for runners versus controls were as fol- 
lows: increased maximum oxygen consumption, 72.8+5 vs 4th 


+6 ml/kg/min; left ventricular end diastolic diameter 5642 5 


vs 52+5 mm; left ventricular posterior wall. thickness, 10: 
+40.7 vs 8.5+1.0 mm; left ventricular mass 316+28 vs 18744A 
gm. There were decreases in resting heart rate 5444 vs 
7349 beats/min; resting pressure~rate product, 6248+888 vs 
843041370; and resting peak velocity of circumferential 
fiber shortening (peak Vef), 1:4+0.1 vs 1.740.2 cireum/sec 
During exercise at a workload of 125 watts. there were 
decreases in heart rate 112+7 vs 144415 beats/min; přese 
sure-rate product 2068442260 vs 2843041247; and peak. Vet, 
2.540.1 vs 3.00.3 circ/sec. 

However, peak Vef has been shown to vary directly with. 
pressure-rate product. When peak Vcf was corrected for 
changes in pressure-rate product, there was no significant’ 
difference between the runnérs and controls either at rést 
or during exercise. These data indicate that prolonged _ 
endurance training results in an increased left ventric» 
ular chamber size and wall thickness but echocardiographic 
estimates of myocardial contractility remain unchanged. 





CORONARY ARTERY CONSTRICTION AND HEMODYNAMIC RESPONSES 
DURING ISOMETRIC HANDGRIP IN PATIENTS. (pts) WITH CORONARY 
ARTERY DISEASE (CAD) 

B Greg Brown, MD PhD, Robert B Petersen, PhD, Cynthia D 
Pierce, BS, Maylene Nong, MD, Wadsworth VA Hosp., L.A., 
CA; Edward Bolson, MS, Harold T Dodge, MD FACC, University 
of Washington, Seattle, WA: 

The effect of handgrip (HGP) on arterial caliber and 
on resistance to flow in large and in small coronary ves- 
sels (CVR) is unknown. Twelve pts with CAD underwent 
catheterization and coronary arteriography. Coronary sinus 
flow (CSF) was measured by thermodilution. All hemodyna- 
mic measurements and selected coronary arteriograms were 
made just before (CON), and at 4-5 minutes during sus- 
tained HGP at 11 kgt2-SD (25% of max.) A computer-based 
angiographic analysis estimated dimensional changes dur- 
ing HGP in 30.diseased coronary artery segments in these 
pts. Lumen cross-sectional area in the "normal" part of 
the segment (A,), minimum stenosis area (Amin), and sten- 
osis flow resistance (Rs) were estimated. 

Results: (increase +; decrease +) 


CSF HEART SYST. MEAN An Amin Rs  CVR 
(BL) RATE Ao PR WEDGE PERCENT CHANGE FROM 
min’ (bt/min) (mmHg) Contig) CONTROL VALUE 


CON 101 69 134 Aras 
HGP 184* 84x 170% A 11A 984% 2944% 2785 
CON vs HGP: NS = not significant; *=p<.05; X=p<.01. 


All pts had forearm pain and fatigue; two had chest pain 
and one, PVC's, Pressure-rate product rose 583X, Small 
vessels dilated with increased metabolic demand, but- di- 
seased arteries constricted in spite of increased syste- 
mic pressure. HGP thus can impair the distribution. of 
coronary flow in CAD, and should enhance ischemic abnor- 
malities detected by non-invasive techniques. 
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ABSTRACTS 


`. EFFECTS OF DIGOXIN-ON LEFT VENTRICULAR PERFORMANCE AND 
MYOCARDIAL BLOOD FLOW DISTRIBUTION DURING ISOMETRIC 
EXERCISE IN CGRONARY DISEASE 

Douglas P. Jensen, MD; Peter P. Steele, MD; Michael T. 
LeFree, BS; Dennis L. Kirch, MSEE; Joseph 0. Rainwater, 
MD; Robert Vogel, MD, Veterans Administration Medical 
Center, Denver, CO. 





Left ventricular (LV) dysfunction occurs during isometric 
exercise (ISO) in patients with coronary disease (CAD). 
Six men with CAD involving the left anterior descending 
underwent measurement of myocardial blood flow distribu- 
tion (MBFD) (29111; tomographic imaging), LV ejection 
fraction (EF) (first transit radionuclide; 99MTc}, and 
interventricular septal thickening fraction (IVSTF) 
(thickening from end-diastole to end-systole: end-diastol- 
ic thickness, echocardicgraphy) at rest and during ISO 
(handgrip for one min at 50% max). Studies were under- 
taken before and after & month's. treatment with digoxin 
(D) 0.25 mg ad (level 0,68 + 0.10 ng/ml; AVE + SEM) and 

a third time after an additional week of D 0.5 mq qd 
{level 1.72 + 0.25 ng/ml}. ISO was associated with a de- 
crease in LVEF (rest 0.51 + 0.05; ISO 0.40 + 0.04; P<0.05) 
and a decrease in IVSTF. {rest 0.34 + 0.04; IS0 0.20 + 
0.04; P<0.05). After four weeks of D, LVEF was preserved 
during ISO (rest 0.52 = @.05; ISO 0.49 + 0.07; NS vs 
rest), as was IVSTF (rest 0.42 + 0.06; ISO 0.41 + 0.07; NS 
vs rest). D did not alter MBFD during ISO (integral 

count rate difference; T=15; Wilcoxon). After one week 
of Dat 0.5 mg qd; LVEF and IVSTF continued to be pre- 
served during ISO (LVEF rest 0.45 £ 0.04; ISO 0.45 + 0.05; 
NS; IVSTF rest 0.35 + 0.05; IS0 0.34 + 0.06; NS) and MBFD 
was improved (control vs D; T=6). Results suggest that D 
at a low dose improves LV performance during ISO in CAD 
without altering MBFD, ard at a higher dose D also 
improves MBFD. 


` EFFECTS OF INTRA-AORTIC BALLOON DIASTOLIC AUGMENTATION 
AND NITROPRUSSIDE ON POSTOPERATIVE REGIONAL LEFT 
VENTRICULAR FUNCTION 
Ronald C. Hill, MD, James D. Sink, MD, W. Randolph 
Chitwood, Jr., MD, Craig O. Olsen, MD, Robert N, Jones, 
MD, Jim L. Cox, MD, Andrew S. Wechsler, MD, Duke and VA 
Medical Centers, Durham, North Carolina 
Ultrasonic transducers (3 mad) were implanted chronically 
along the minor axis of the left ventricle at mid-wall 
depth into a region supplied by a bypass graft. Arterial, 
left atrial and pulmonary pressures, EKG and regional 
dimensions were monitored, ight patients, studied con- 
tinously, were assessed 24-48 hours postoperatively for 
qualitative and quantitative effects of nitroprusside 
infusion (NP) and 4 patients were evaluated during intra- 
aortic balloon assistance (IABA). Following all studies, 
the transducers were withdrawn with no complications. 
Data (meantSEM}) are presented for extent (AL) and rate 

: (dl/dt) of systolic excursion followińg normalization to 
an initial end-diastolic length of 10 mm. 


Arterial (mmHg) 
åL(mm) dl {dt (mm/sec) Systolic Diastolic 


Control 1,64.2 12,141.28 147. 346.4 73,142.3 
NP 1.92.2% 15,342.4* 101. 529.6% 53.823.5% 
Control 1.74.4 10,542.6 134.2410.1 66.742.8 
TABA 2.24, 4k 14,443.0% 116.74+8.64  136.748.7% 


*p<,05 compared to control 

Both enhanced AL and di/dt. Although IABA was associated 
with significantly less systolic unloading (p<.025), in- 
crease in the systolic shortening was greater than with 
NP alone. These studies imply that diastolic pressure 
augmentation with IABA, net present with NP, resulted in 
an increased supply/demand accounting for functional en- 
hancement out of proportion to systolic unloading alone, 
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EFFECTS OF ACUTE VOLUME LOADING ON RIGHT VENTRICULAR FUNC- 
TION IN CHRONIC PULMONARY HYPERTENSION. 

J.V. Nixon, MD, James Harper, dames Jones and Charles B. 
Mullins, MD, FACC. Southwestern Med School, Dallas, TX. 


Acute volume loading is ineffective in impreving right 
ventricular (RV} function in experimental acute pulmonary 
hypertension. To determine its value in the presence of 
RY hypertrophy produced by chronic pulmonary hypertension, 
the effects of the intravenous infusion of normal saline, 
22 ml/kg, on left (LY} and RV function were studied 6 
months after pulmonary arterial (art) banding to a mean 
pressure (P) of 40 mm Hg in 9 dogs. Biplane cineangiogra- 
phic RV and LV volumes liste) and P were obtained before 
and after infusion. Tricuspid regurgitation (TR) was 
quantified as the difference between total RY stroke vol- 
ume (SV) from angiographic vols and. forward RVSV by dye 
dilution. Infusion was accompanied by increases in right 
atrial (1.61.2 vs 4.44.5 mm Hg, p<.005), pulmonary art 
systolic (10326 vs 12176 mm Hg, p<.001) and mean P (4043 
vs 5143 mm Hg, p<.05), RV end-diastolic vol (6015 vs 68t5 
ml, p<.005) and P(4.81.5 vs 8.44.3 mm Hg, p<.001), RVSV 
(30t2 vs 3422 ml, p<.005) and cardiac output (3.211.35 vs 
4.05+.27 L/min, p<.005). While LY end-diastolic vol (51% 
3 vs 5742 ml, p<.01) and ? (5.81.9 vs 9.74.9 mm Hg, p< 
.005) and LV end-systolic vol (222 vs 25t1 ml, p<.05) all 
increased, LV ejecticn fraction decreased (6913 vs 5642%, 
ps.05). RY and LV dp/dt, heart rate, RV end-systolic vol 
and LVSV remained unchanged. The degree of TR remained 
constant. Although cardiac output improved and TR was not 
increased, systolic and mean pulmonary art P both in- 
creased, RV function determined by RV dp/dt and ejection 
fraction was unchanged, and LV function determined by 
ejection. fraction deteriorated. Thus, acute volume load- 
ing of the hypertrophied RV has an overall detrimental ef- 
fect in chronic pulmonary hypertension. 


ACUTE AND LONG-TERM EFFECT OF VASODILATORS ON 
RESTING AND EXERCISE HEMODYNAMIC MEASUREMENTS 
AND EXERCISE TOLERANCE, 
Barry Massie, MD, FACC; Barry Kramer, MD; Edward Shen, 
MD; Frances Haughom, RN. VA Hospital, University of 
California, San Francisco, CA. 


Acute hemodynamic improvement has been demonstrated 
with several vasodilators (VD) and has been shown to be 
sustained with some. The chronic effeet of VD on exercise (EX) 
hemodynamics and its relation to EX capacity have not been 
reported. We measured cardiae output (CO) and pulmonary 
capillary wedge pressure (PCW) at rest and during upright 
bicycle EX before (Pre) and after 48 hours (VD-acute) on a 
combination of oral hydralazine and sublingual isosorbide 
dinitrate in 11 patients (PTS) with chronic heart failure. Seven 
were electively restudied at 3 months (VD-chronic) and 48 hours 
after stopping VD (Post). EX capacity, assessed by duration of 
EX on a Mets treadmill protocol, was measured serially in all 11 
PTS. Measurements in the 7 restudied patients are shown below. 


REST EXERCISE 
PCW co PCW co 
Pre 29=5(SD) 4.120.9 39:9 4,541.7 
VD-acute 16=3 6.1411 25:11 9.04L7 
VD-chronic 19:4 5.8 40.8 2926 9.141.4 
Post 2625 4.3 20.6 39:6 6.321.4 


Initial and repeat PCW and CO on YD were similar and both 
were improved over pre-and post-VD (P<.01). The EX capacity 
of the 11 PTS increased from 7.73 2.6 min. pre-VD to 8.9 + 3.3 
on acute-VD (.10 >g >.05) and further, to 10.2 +3.7 (p< .01) on 
ehronie VD. However, it was unchanged in 3 PTS, each of whom 
had substantial increases in EX PCW between the 2 studies. 
These findings indicate that the combination of hydralazine and 
nitrates produces sustained hemodynamic improvement not only 
at rest but during EX and that this is accompanied by an 
inerease in EX tolerance in mest PTS. 
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ACTIVATION OF VASOCONSTRICTOR MECHANISMS DURING VASODILATOR 
THERAPY: A FACTOR MODIFYING DRUG RESPONSE IN HEART FAILURE 
Milton Packer MD; Jose Meller MD, FACC; Norma Medina RN; 
-Richard Gorlin MD, FACC; Michael V. Herman MD, FACC; 
Mount Sinai Medical Center, New York, New York. 
The occurrence of rebound hemodynamic changes after the 
. abrupt withdrawal of nitroprusside (NP} in patients (pts) 
“with severe heart failure (CHF) is likely due to the act- 
< dvation of: reflex vasoconstrictor mechanisms (RVM) during 
“therapy which are left unopposed after its discontinuation. 
Exaggerated activation of RVM during vasodilator therapy 
may limit its effectiveness in certain pts. Te test this 
hypothesis, we quantified the degree of activation of RVM 
in 33 pts with CHF by measuring the magnitude of NP rebound 
“changes as the maximal % increase (+) in systemic vascular 
> resistance (SVR) after withdrawal of NP compared to pre-NP 
values. Vasodilator therapy consisted of NP (4.5 ug/kg/min) 
in all 33 pts and isosorbide dinitrate (ISDN)(40mg orally 
or 10 mg sublingually) in 21 of 33 pts. 
: After NP withdrawal, SVR rose to levels from 0 to 77% 
sabove: the pre-NP SVR. The magnitude of rebound change was 
related directly to the control cardiac index (CI) (r=0.84) 
-cand inversely to the control SVR (r=-0.67). 
oDuring NP therapy, SVR decreased (4) 24-65% and CI + 
=~ J=L30%- of control values. The magnitude of rebound change 
-G post-NP was correlated inversely with the + in SVR (r=-0.86) 
syand the tiin CI (r=-0.84) during NP. The magnitude of NP 
rebound: change subsequently predicted the % 4 in CI (r=-0.86) 
nd. the $4 in SVR (r=-0.90) seen with ISDN to a better 
degree than did the pre-ISDN CI (r=-0.62) and SVR (r=0.49). 
“Tn conclusion, administration of vasodilators to pts with 
CHF and a mildly + CI produces marked activation of RVM 
which counteract the drug mediated vascular effects and 
limit the responses observed. “In contrast, pts with a 
severely + CI have attenuated RVM so that marked responses 
sare seen. Activation of RVM may be. a key factor modifying 
“the effects of vasodilators in pts with CHF. 

















SYMPATHETIC AND RENIN RESPONSE TO ORTHOSTASIS IN 
CONGESTIVE HEART FAILURE. 


T. Barry Levine, MD; Kathleen A. Gross, BS and Jay N. 
Cohn, MD, FACC ; University of Minnesota Medical School, 
“Minneapolis, Minnesota 55455. 


Assuming an upright position normally results in 
¿increased plasma catecholamines and renin activity 
y (PRA). .The orthostatic response of norepinephrine (NE) 
< and PRA in congestive heart failure (CEF) is not known. 
“Thirteen stable, hospitalized patients with severe CHF 
c (NYHA Class III-IV) were studied while on digitalis, 43 
“Eg Na+ diets and 8/13 on diuretics. NE and PRA were 
measured supine (S). Patients were then tilted (T) to a 
60° upright position and NE measured at 10 minutes and 
> PRA at.45 minutes. NE (S) was. elevated (average 616+75 
pg/ml) compared to 20 normal subjects (177+15 pg/ml). NE 
rose 23% during T to 698+72 pg/ml (p=NS) in CHF while in 
normals NE rose 68% to 284+19 pg/ml (p<0.001). PRA (S) 
averaged 5,2+1.3 ng/mi/hr and was unchanged by T (5.2+1.3 
eae in CHF while in normals (n=?) PRA (S) was 
1.8+0.5 mg/ml/hr and rose with T to 4.4 ng/ml/hr 
(p<0.02). In patients with CHF, cardiac output 
(COj rebreathing or thermodilution) fell from 3.42+0.09 
L/min (8) to 2.96+0.14 L/min (T) (p<0.05). NE % change 
and PRA % change during T in normals were significantly 
greater than in CHF (p<0.01). Therefore in CHF, PRA 
response to orthostasis is inhibited and appears to play 
“no. role in cardiovascular homeostasis. Furthermore, 
“(gevere CHF stimulates cathecholamine activity to near 
. maxima} levels so that the ability of the sympathetic 
system to further respond to an orthostatic stress is 
markedly attenuated. 


















INOTROPIC EFFECT OF AMRINONE IN SEVERE CONGESTIVE HEART 
FAILURE: LASK OF ATTENUATION WITH SEQUENTIAL DOSES. 


Robert F. halacott M.D.; Gregory D. Curfman, M.D.; Joshua 
Wynne, M.D., FACC; Jane Neill, R.T.; and Eugene Braunwald, 
M.D., FACC Department of Medicine, Peter Bent Brigham 


Hospital, Boston, MA. 


In order to evaluate possible tolerance to the inotropic 
effect of Amrinone, 5 patients with severe congestive 
heart failure received daily IV doses for 7 days. Four 
patients had idiopathic and one ischemic cardiomyopathy 
Radionuclide ventriculography was performed before and 

at each hour after Amrinone on days 1, 4, and 7: 

Control global ejection fraction ranged Fron li to 35% and 
did not change significantly with IV placebo. Amr inone was: 
administered in doses of 2.0-4.0 mg/kg and resulted inan 
increase in global ejection fraction averaging 31.0.4 °1.8% 
i.e. global ejection fraction rose from 21 + 3% to 25 + i, 
p<0.005. There were no changes in heart rate 2 blood o 
pressure. tnotropic effect was maximal within 1-3 hours 
of Amrinone administration, and persisted: for up to 4 
hours. Sequential observations during the 7 day study 
period showed no significant attenuation of Inotropic 
effect. 
on a regional basis decreased significantly in 2 of 4 
patients after Amrinone. We conclude that: t) the 
inotropic effect of Amrinone can be quantitated non? 
invasively using radionuclide ventriculography; 2) jnotro= 
pic effect appears to be maximal within. 3 hours of Woy 
administration; and 3) no significant attenuation of : 
inotropic effect occurs with repeated administration of 
Amrinone for one week. 





EFFECTS OF CHRONIC DIABETES ON CARDIAC PERFORMANCE AND 
METABOLISM IN RĀTS 

Thomas F. Schaible, PhD, Somsong Penpargkul, MD, PhD, 
Alan Schwartz, Tada Yipintsoi, MD, PhD and James Scheuer, 
MD, FACC, Montefiore Hosp.-Albert Einstein Col. of Međ., 
Bronx, N.Y. 


To study the chronic effects of diabetes (D) on cardiac 
function and metabolism, male rats were made D with 
streptozotocin. At 9 weeks, D had blood glucose »600 
mg/100 ml and heart and body weights were lower in D 
than in age-matched untreated control animals (C) (p< 
0.001). Hearts were then studied in an isolated working. 
heart apparatus at atrial pressures (AP) 5-20 cm H30 and 
at fixed heart rates using 5.5 mM glucose (G) without 
insulin (I) (group 1) and 15 mM G and I (10 mU/ml {group 
2}. Means of 8 hearts from group 1 and 2 at 15 cm AP 
were: 

PLVSP +dP/dt -dp/at sW? mvo2" 

mmHg mmHg/ mmHg/ erg/ ml/min 

sec sec min 

group 1 C 101 4131 a 2864 1.47 1.29 


* * 





D 9L 3600 2214 1.54 1.25 
group 2 C 115 „ 6097 , 3052 1.68 1.42 
D 100 5023 2640 1.95 1.47 


(SW-stroke work, *=p¢0.05 and a=per g dry LV wt.) 

D hearts compared with C hearts from younger rats 

with the same heart size also showed depressed function. 
The ratio of lactate to pyruvate production was signifi- 
cantly greater (p<0.01) in C than D in all groups. 
Therefore D was associated with abnormal contraction and 
relaxation. I and 15 mM G incompletely corrected these 
defects. The normal oxygen consumption and low lactate/ 
pyruvate in D suggest that oxygenation and energy gen- 
eration were normal. Thus myocardial energy utilization 
in D may be defective. 
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ABSTRACTS 


PAPILLARY FUNCTION IN RENOVASCULAR 


HYPERTENSION 

Joseph M. Capasso, PhDs. Fred. Feins MD, FACC; 
Laura - Kornstein, MS; John E. Strobeck, MD, 
PhD; Edmund H. Sonnenblick, MD, FACC, Albert 
Einstein College of Medicine, Bronx, New York. 


Renovascular hypertension, unlike other models 
of ventricular hypertrophy studied, has sub- 

stantial clinical relevance. Left renal artery 
constriction was performed on female Wistar rats 
at 8 weeks of age. Animals became hypertensive 
(systolic blood pressure (BP) > 150 mmHg) 2 to 
3 weeks later. Ten weeks after surgery, left 
ventricular papillary muscles werg, studie 
isometrically in amuscle bath [(Ca ) = 2.4 
mM, Temperature = 30°C, stimulation frequency = 
0.1 hz] and compared to age-matched controls. 
Hypertensives showed a 44% increase in heart 
weight (HW) over controls with no change in 


MUSCLE 


water content. Hypertensives Controls 
(N = 12) (N = 12) 

Systolic BP (mmHg) 179+9 (mean+SEM)123+5* 

Body Weight (g) 253411 260+8 

HW/ Body ejght -0036+.0001 -0024+.0001* 

DT (g/mm"); 3 7.80+.40 6.12+.60* 

TPT (msec) ? 1.3 114+2.7 103+2.7* 

T 1/2 R (msec)? 115+4.9 99+4.8* 


Values athe t a 
peak developed tension (DT); 


Time from DT to fall to 50% DT. 

DiS? EA 

Despite marked hypertrophy, contractile force is 
not reduced early in hypertension. However, 
prolonged TPT and delayed relaxation (R) do 
occur, which may presage longer term changes. 


muscle length associated with 
Time to DT; 


PASSIVE STIFFNESS CHARACTERISTICS OF THE VOLUME-OVERLOAD 
HYPERTROPHIED MYOCARDIUM 

Gangaiah Natarajan, MBBS, FACC; Alfred A. Bove, MD, PhD, 
FACC; Richard L. Coulson, PhD; Rita A. Carey, PhD; James 
F. Spann, MD, FACC. Temple University, Philadelphia, Pa. 


Although the pressure-overload hypertrophied myocardium 
is shown to be stiffer than normal, whether such an in- 
creased passive stiffness is a result of hypertrophy is 
not known. This can be expected to be clarified by 
studying the muscle hypertrophied due to a different 
stimulus like volume overload. Accordingly, length-passive 
tension curves of right ventricular papillary muscles were 
studied in a group of 10 normal cats (N) and 6 cats with 
volume~overload cardiac hypertrophy (V) due to an atrial 
septal defect created 50 + 5 days prior to the terminal 
study. Right ventricular hypertrophy was confirmed by in- 
creased RV/LV ratio (N=0.30 + 0.01 g/Kg, V=0.46 + 0.02 
g/Kg). Active contractile function was normal in V (Peak 
active tension in g/mm*: N=7.02 + 0.28, V=6.57 + 0.51). 
Stress-strain analysis was carried out with the equation 
Lno=Ke + LnC where o=stress, € =natural strain (=Ln1/1lo), 
and K and C are constants. The values of K and C were 
similar in the two groups. 


K LncC r 
Normal 15.01 + 0.87 -4.33 + 0.20 0.99 
Volume-overload 17.00 + 2.85 -4.45 + 0.71 0.98 


Elastic stiffness calculated as ae =Ko 
the two groups at common stress levels. 
CONCLUSION: 1. Myocardial passive stiffness is normal in 
volume-overload cardiac hypertrophy. 2. Hypertrophy pro- 
cess per se does not alter the myocardial passive stiff- 
ness. 


was also similarin 
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DISCRETE SUBAORTIC OBSTRUCTION: TWO-DIMENSIONAL 
ECHOCARDIOGRAPHIC FEATURES 

W. Dean Wilcox, MD; James B. Seward, MD, FACC; Donald J. 
Hagler, MD, FACC: Abdul J. Tajik, MD, FACC, Mayo Clinic, 
Rochester, MN. 

M-mode echocardiographic and clinical features of discrete 
subaortic stenosis (DSS) are indirect and nonspecific. 
Cardiac catheterizaticn and angiography are invariably 
necessary to substantiate the diagnosis. In this study, 
the usefulness of 2-dimensional sector echocardiography 
(2DE) for direct visualization of the obstructing lesion 
in DSS was investigated. Patients (pts) with hypertrophic 
obstructive cardiomyopathy were excluded. Eight pts with 
DSS (age 3-20 years, mean 10 years) had 2DE examination. 
All had subsequent confirmation by cardiac catheterization 
and surgery (gradient 65-130 mm Hg, mean 99 mm Hg). DSS 
was best appreciated with the parasternal long-axis view 
of the left ventricular (LV) outflow tract. A fine mem- 
brane (4 pts) or varieble-appearing fibromuscular ridge 

(4 pts) was clearly visualized beneath the aortic valve in 
all. Although the circumference of the obstructing orifice 
could not be visualized in its entirety, the degree of LV 
outflow obstruction correlated with the distance between 
anterior and posterior edges of the obstructing lesion and 
the associated increase in LV muscle mass. The charac- 
teristics of the obstructing lesion were confirmed at 
surgery. Postoperative 2DE showed near-complete removal 
of the obstruction in each case. 2DE allows direct 
visualization and characterization (i.e., membranous vs. 
fibromuscular) of various types of DSS. Not only is the 
site of obstruction visualized, but the relative degree 

of outflow narrowing is readily appreciated. 2DE is at 
least as sensitive as angiocardiography in the recognition 
and characterization of the obstructive lesion and is the 
only noninvasive technique allowing direct visualization 
of lesions causing discrete subaortic obstruction. 


ABNORMAL SYSTOLIC MOTION OF THE POSTEROLATERAL 
BASAL LEFT VENTRICLE IN MITRAL VALVE PROLAPSE: 

A NEW CROSS-SECTIONAL ECHOCARDIOGRAPHIC SIGN. 
Ivan D'Cruz, MD, FACC, Shirish Shah, MD, Leroy 
Hirsch, PhD, Alberto Goldbarg, MD, FACC, Cardio- 
vascular Institute, Michael Reese Hospital, 
Chicago, Illinois 





In 8/26 (30%) of patients with typical mitral 
prolapse on M-mode echo, cross-sectional echo in 
the apical 4-chamber view revealed a character- 
istic (hitherto unreported) abnormality (see 
Fig): In mid to late systole, the ventricular 
septum contracted vigorously, forming a bend or 
convexity to the left, thus drawing the medial 
corner of the basal LV toward the transducer, 
while motion of the posterolateral corner of the 
basal LV toward the transducer was absent, or 
diminished and delayed (arrow). This finding was 
not encountered in 35 individuals with func- 
tional systolic murmurs but no detectable heart 
disease, nor in 15 patients with mitral regurgi- 
tation of etiologies other than mitral prolapse. 
We describe a new cross-sectional echo finding- 
impaired systolic motion of the posterolateral 
basal LV, compatible with previous reported 
angiocardiographic abnormalities in some pa- 
tients with mitral prolapse. 


DIASTOLE NORMAL 
PROLAPSE 
Ry LV 
~ 
LA LA }) sysToLeE~ KI 
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A STATISTICAL COMPARISON OF THE M~MODE AND TWO-DIMENSIO— 
NAL ECHOCARDIOGRAPHIC DIAGNOSIS OF FLAIL MITRAL LEAFLETS 
Gary S. Mintz, MD: Morris N. Kotler, MD, FACC; Wayne R. 
Parry; Bernard L. Segal, MD, FACC; Likoff Cardiovascular 
Ingtitute, Hahnemann Medical College, Philadelphia, PA 
We compared the sensitivity (SENS), specificity (SPEC), 
“predictive accuracy (PA), and predictive value (PV) of 
“othe m-mode (MME) and two-dimensional (2DE) echocardiogra- 
phic diagnosis of flail mitral leaflets (FML). MME and 
“2DE studies were evaluated prospectively in 45 consecu- 
tive patients (PTS) having surgery for pure mitral regur- 
gitation (MR). 26 PTS had FML: 12 anterior and 13 poste- 
vier leaflet (LFT). 19 control PTS had MR from other 
causes: rheumatic disease (9 PTS), papillary muscle fi- 
brosis (4 PTS), cleft anterior LFT (3 PTS), and mitral 
prolapse (3 PTS). 44 PTS had adequate MME; positive study 
showed systolic mitral flutter (SYS MV FLUT), diastolic 
flutter of the involved LPT (DIAS MV FLUT), paradoxic di- 
astolic posterior LFT metion (PARA PML), or systolic left 
atrial echoes (SYS LA E). 45 PTS had adequate 2DE; posi- 
tive study showed loss of systolic LFT coaptation. 





ao ONE OR MORE 15 10 10 603 53% 63% 50% 
-POSITIVE 2DE 25 16 1 96% 84% 89% 94% 
*OQnly PTS with flail. posterior LFT are included 
PTS with rheumatic disease are excluded 

MME diagnosed only 60% of FML, and 9 control PTS had 
‘false positive MME. 2DE diagnosed 96% of FML. 3 PTS 

(2 xvheumatic and 1 prolapse) had false positive 2DE; 
“asymmetric chordal retraction or elongation caused loss 
of leaflet coaptation, and this may be the mechanism of 


POSITIVE MME TP TN FP FN SENS SPEC PA PV 
SYS MV FLUT é 18 1 19 24% 95% 86% 49% 
DIAS MV FLUT 11 11 8 14 44% 58% 58% 44% 
PARA PML* 6 9 1 7 46% 90% 86% 56% 
SYS LAE 2 19 0 23 8% 100% 100% 45% 

9 
3 


‘“OOMR in these PTS. Nevertheless, we conclude that 2DE is 


“superior to MME in the diagnosis of flail mitral LFTS. 


TWO-DIMENSIONAL ECHOCARDIOGRAPHIC RECOGNITION OF MURAL 
THROMBI: IN-VIVO AND IN-VITRO STUDIES 

Milutin Drobac, MD; Harry Rakowski, MD; Brian W. Gilbert, 
MD, FACC; Michael X. Glynn, MD; Malcoim D, Silver, MD; 
Toronto General Hospital, Toronto, Canada. 





Mural thrombus was suspected by two-dimensional echo- 
cardiography (2DE) in 41 patients (pts} over a 2 year 
period, 32 with ischemic heart disease, 6 with cardiomyo- 

i pathy, and 3 with mitral stenosis. Thirty-five of 41 

os thrombi were left ventricular (LV), 5/41 were in the body 
“of the left atrium (LA), and 1/41 right ventricular. Of 
16°pts who had either LV angiograms or pathological stud- 
ies, thrombus was confirmed in. 13. Seven of 41 pts had 
ischemic cerebral events or peripheral arterial emboli. 
Three. of these 7 had pathological or angiographic con- 
firmation of clot. 


To assess the sensitivity of 2DE in detecting thrombi 
of various size and composition, an in-vitro study was 
carried out using a cadaveric left ventricle suspended in 
a water bath with clots of various types placed on the 
endocardial surface of the cadaveric LV and echoed. Four 
different types of clots were prepared and studied: (a) 
fibrin, (b) whole blood, (c) platelet, (d) an organized 
thrombus obtained at surgery from the LA of a patient 
with mitral stenosis. Two-dimensional echocardiography 
was able to detect all clots, regardless of composition 
and could visualize clots as small as 2mm in diameter. 


We conclude that in-vivo, 2DE can reliably detect clots 
ccin various cardiac chambers. In-vitro, 2DE can detect 
very small clots of various compositions. False negative 
dn-vivo. studies would appear to be due to technical 


-oyather than theoretical limitations. 
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CLINICAL SPECTRUM OF LEFT VENTRICULAR MURAL THROMBI IN A 
LARGE CARDIAC POPULATION: ASSESSMENT BY TWO-DIMENSIONAL 
ECHOCARDIOGRAPHY. Miguel A, Quinones, MD, FACC; Jean G. 
Nelson, RDMS; William L. Winters Jr., MD, FACC; Alan D. 
Waggoner, RDMS; Stephen P. Rosenfeld, MD; James B. Young, 
MD; Richard R. Miller, MD, FACC, Baylor College of Medi~ 
cine and The Methodist Hospital, Houston, Texas. 

To characterize the presence of left ventricular (LV) 
mural thrombi (MT) in a large patient (pt) population, 
wide angle (90°) two-dimensional (2-D) echocardiograms 
(echo) from 504 consecutive pts were reviewed. MT were 
present in 22 of 112 (20%) pts with segmental or diffuse 
LV dyssynergy (DYS) compared to none of 392 other pts. MT 
appeared as dense echoes attached to the LV wall most fre= 
quently (19/21) seen in apical views. Comparison of 2-D 
with LV angiography (presence of filling defects) by indes 
pendent observers in 52/112 pts revealed a sensitivity. of 
2-D for MT of 89.5%(17/19 pts) and a specificity of 100%... — 
(33/33). MT were confirmed at surgery in 4/4 pts explored; - 
all with (+) 2-D. Incidence of MT (2D & angio)as follows: 
total, 24/112 (21%); in coronary artery disease (CAD), 
19/100 (19%); ejection fraction (EF) <.50, 23/101 (23%)3 
EF<.35, 19/72. (26%); apical dyskinesis, 16/42 (39%) in- 
cluding discrete apical aneurysm, 7/14 (50%); primary cayi 
diomyopathy (PCM), 3/10 (30%). Location of MT: 22 apical, 





1 postero-inferior and 1 antero basilar wall. Electrocar~ me 


diographic findings in MT: 18 infarcts (12 anterior, 6 in= 
ferior), 2 left bundle branch block and 4 LV hypertrophy: 


Clinical embolic episodes occurred in 3/24 pts (12.5% in- oe 


cidence). In conclusion, 2-D echo is both sensitive and 
highly specific for detecting MT when compared to angio- 
graphy. MT are detected only in cardiac pts with DYS. MTS 
relate directly to severity of LV dysfunction regardless 
of the etiology (PCM vs CAD). Further, despite multiple 


sites of DYS, most MT are localized to the. apex suggesting 


at other factors unique to the apex determine MT forma“: 
tion. 


IMPROVED ECHOCARDIOGRAPHIC TECHNIQUE FOR EXAMINING THE 
LEFT MAIN CORONARY ARTERY 

Lawrence D, Rink, MD; Harvey Feigenbaum, MD, FACC; Jane 
E. Marshall; Robert W. Godley, MD; Daniel Dety, MD; James 
C. Dillon, MD, FACC; Arthur E. Weyman, MD, FACC; Indiana 
University Scheol of Medicine; Krannert Institute of 
Cardiology; Indianapolis, Indiana 


Cross-sectional echocardiography (CSE) can record the 
left main coronary artery (LMCA) and at times LMCA ob~ 
structions (LMCAO) and LMCA aneurysms. Unfortunately, 
technical difficulties have made this examination imprac~ i 
tical. To overcome these difficulties a commercial echo- 
graph with better resolution (3MHz), better gray scale 
(digitally processed), and strobe freeze-frame capability 
was used. The gray scale permitted one to judge echo in= 
tensity, as well as lumen diameter, The strobe feature 
permitted repeated visualization of the LMCA at a given 
time in the cardiac cycle thus eliminating extraneous 
echoes and allowing the LMCA to be studied repeatedly in 
real-time. Prospective and retrospective studies were 
done on 72 pts undergoing coronary angiography. The LMCA 
could be identified in 71 of the 72 pts. Seven of these 
pts had LMCAO. CSE detected the LMCAO in all 7 (2 pro- 
spectively, 5 retrospectively) as luminal narrowing by 
bright, thick echoes on repeated strobe mode recordings. 
Patients with coronary artery disease (CAD) but no LMCAO 
usually had bright LMCA echoes but no luminal narrowing. 
To further evaluate the technique, 28 random pts, 4 of 
whom had LMCAO, were blindly evaluated by | investigator. 
The IMCA was identified in all 28. Ali 4 pts with LMCAO 
were identified, i.e. no false negatives. There was 1 
false positive in a pt with a proximal LAD lesion. In 2 
pts with CAD but no LMCAO the observer diagnosed CAD but 
was undertain as to LMCAQ. This new technique should 
greatly improve the practical use of CSE to examine the 
LCA. : 


435 





ABSTRACTS 


FIRST DERIVATIVE OF DIASTCLIC AORTIC ROOT MOTION AS A MEA- 
SURE. OF TRANSMITRAL FLOW. 
Louis Teichholz MD, FACC; Gary Caputo MD; John Ambrose MD, 
FACC; Bill Knopsler; Eulogio Martinez MD; Michael Herman 
MD, FACC. Mount Sinai Medical Center, New York, New York. 
Aortic root. (AoR) motion on echo has been shown to be 
related to left atrial volume changes. In order to study 
the usefulness of this relationship in estimating mitral 
valve flow, we examined the possible correlation between 
the first derivative of diastolic AoR motion (dAo/dt) and 
transmitral flow velocity (TMFV) in normals. M-mode echo- 
cardiograms were obtained in 5 normal subjects in the up- 
right position using a digital tracking gate which allowed 
on-line acquisition and digitization of the posterior AoR 
echoes simultaneous with analog TMFV obtained with pulse- 
echo doppler techniques. Both signals were acquired by a 
PDP 11/70 computer, the TMFV doppler signal digitized, 
GAo/dt determined, and the results plotted. In normal sub- 
jects over range of heart rates 55-90, the curves of dAo/ 
dt and TMFV during diastole showed a good visual correla- 
tion with similar shape and time-course. In order to fur- 
ther examine the relationship, simultaneous diastolic 
values of dAo/dt were plotted against TMFV and a linear 
relationship was found for each of the individual beats 
analyzed with r values from 0.81-0.90. Thus, dAo/dt during 
diastole appears to show a time-course and configuration 
similar to TMFV. The correlation between simultaneous 
values of dAc/dt and TMFV suggests the usefulness of dAo/ 
dt as a measure of relative rate of transmitral flow. 


SENSITIVITY AND SPECIFICITY OF TWO-DIMENSIONAL ECHO- 
CARDIOGRAPHY IN THE DETECTION OF LEFT VENTRICULAR 

= ANEURYSMS 

Maria Lengyel, MD; Abdul ¢, Tajik, MD, FACC; James B. 
Seward, MD, FACC; Donald J. Hagler, MD, FACC; and Hugh C. 
Smith, MD, FACC, Mayo Clinic, Rochester, Minnesota 


We studied the effectiveness of two-dimensional echo- 
cardiography (2DE) in the detection of left ventricular 
aneurysm (LVA), defined as a well-demarcated bulge in 
diastole and systole with thinned, dyskinetic walls. In 
two years, 76 consecutive patients (60 males and 16 fe- 
tales, ages 34-87 years) were diagnosed by 2DE as having 
LVA. LVA was best visualized from apical four-chamber 
and apical long-axis views with a wide-angle phased-array 
sector scanner. LVA was located inferoposteriorly in five 
patients and involved the anteroapical wall in 71 pa- 

< tients; in 33 of the 71, the septum was also involved. 
Mural thrombi were visualized in 26 patients (34%); 
angiography was done in 44 of 76 patients. To determine 


othe sensitivity and specificity of 2DE, we examined data 


on.7& patients (including the above 44) who had prior 
myocardial infarction and combined 2DE and angiographic 
studies. Forty-one of the 78 patients had LVA on angio- 
graphy, and 38 of these were correctly diagnosed by 2DE 
{sensitivity 93%}; three diagnoses were false negative. 
Thirty-seven of the 78 patients had no LVA on angiography, 
and 2DE was also negative for LVA in 31 of 37 patients 
(specificity 84%); six diagnoses were false positive. 
Thus, 2DE is a highly sensitive and specific technique 
for detection or exclusion of LVA. 


REAL TIME TWO-DIMENSIONAL ECHOCARDIOGRAPHY IN RIGHT VEN- 
TRICULAR INFARCTION. Briand. D'Arcy, M.D., Bapineedu 
Gondi, M.D., Navin C. Nanda, M.D., F.A.C.C., Robert P. 
Gatewood, M.D., Theodore Biddle, H.D., F.A.C.C., Univer- 
sity of Rochester Medical Center, Rochester, New York. 


Five patients with typical clinical features (hypotension, 
neck vein distention, minimal or no pulmonary congestion, 
acute infero-posterior infarction) and hemodynamic find- 
ings (equalization of right atrial (RA) and pulmonary 
capillary wedge pressures) of right ventricular (RV) in- 
farction were studied with a wide angle (90°) ATL mechani- 
cal sector scanner. The RV was imaged in standard long 
axis, apical four-chamber and sequential short axis views 
from precordial and subxiphoid positions. AIE patients 
showed RV enlargement in beth long and short axis planes 
with RV/LV: end-diastolic dimension ratio >0.5. ATI also 
showed RV. segmental wall motion abnormalities (RVMA). 

RVMA included hypokinesis cf the RV anterolateral wall in 
3 patients, akinesis of the RV anterolateral wall with 
minimal paradoxical motion of the RV apex in cne, and a 
prominent RV lateral wall aneurysm seen in the apical 4- 
chamber view near the tricuspid ring in one case. Ventri- 
cular septal motion was paradoxical in 4 owt cf 5 patients 
in two of whom the entire septum bulged into the RV 
throughout systole. Echo contrast studies in 4 out of 5 
cases utilizing RA catheter injections showed significant 
tricuspid regurgitation indicated by prominent reflux of 
contrast into the inferior vena cava (IVC) and hepatic 
veins in 2, and less marked insufficiency with minimal re- 
flux into the IVC in the other two. Technetium 99m pyro- 
phosphate scans were positive. in 2, negative in 2, and 
technically inadequate in 1 patient. Autopsy confirmation 
of RV infarction was obtained in ] patient in whom scan 
was negative. A comparison group of 5 patients with con- 
gestive cardiomyopathy showed diffuse RV and LV hypokine- 
sis and chamber enlargement by echo but no RVMA were noted. 





TWO-DIMENSIONAL ECHO SECTOR ANGIOGRAPHIC DIAGNOSIS OF VENTRI- 
CULAR SEPTAL DEFECT FOLLOWING ACUTE MYOCARDIAL INFARCTION ` 
Jean-C, FARCOT,MD; Louis BCISANTE,MD; Michel RIGAUD, MD; 
Jean BARDET, MD; Jean-P. BCURDARIAS,MD,FACC; Ambroise Paré 
Hospital U.E.R. Paris Ouest (France). 

Early and prompt diagnosis is essential in patients (Pts) with 
suspected ventricular septal defect (VSD) following acute myo- 
cardial infarction (AMI). Te assess wether or not two-dimensio- 
nal echo (2DE)can accurately diagnose VSD, we compared 2DE fin- 
dings with perioperative (P0} or postmortem (PM) data obtained 
in 5 consecutive Pts hospitalized for anterior (4 Pts) or infe- 
rior (1 Pt) AMI, associated with sudden appearance of a loud sys 
tolic murmur . Using the apical (4~chamber) and subxiphoid ap- 
proach, the entire left ventricle (LV) was analyzed, special at~ 
tention being paid to the anatomical integrity of the interven 
tricular septum (IVS). Echo contrast material (5-10nt of Prs's 
own blood ) was injected manually through a Swan-Ganz thermodi- 
lution catheter into the right atrium to investigate left-to- 
right shunt (L-R S}. Negative contrast echocardicgraphy (NCE) 
was considered to be present when an obvious washout of the mi- 
crocavitations was seen in front of the defect and the conttast 
material filled this echofree space again during the following 
diastole. In.all 5 Pts cardias catheterization demonstrated a 
large L-R S with a pulmonic-to-systemic flow ratio of 32+ 08/1 
(mean + SD). VSD size was expressed as a percentage of diastolic 
IVS thickness, Using apical epproach 3 independent observers 
agreed in identifying 4 anteriorly located VSBs, and this cor- 
related with PO (3Pts) or PM (1 Pt) examination. On the opposi- 
te, a large inferior VSD could only be visualized using the sub- 
xiphoid view. NCE was noted ia all 5 Pts. In all 4 anterior VSDs, 
IVS curvature was abnormally convex towards the LV outflow 
tract while it retained normal concavity in the single inferior 
VSD. Septal patches were visualized in the 2 Pts who survived 
surgery. 

Conclusions : 1) 2DE is a highly reliable noninvasive techni- 
que for early diagnosis of VSD following AMI ; 2) 2DE provides 
direct anatomical information about location and approximate 
size of the VSD for the time of surgery; 3) while all 4 anterior 
VsDs were easily visualized on the 4-chamber view , the single 
inferior VSD was identified asing the subxiphoid view only. 
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DOPPLERCARDIOGRAPHIC ASSESSMENT OF SEVERITY OF AORTIC AND 
MITRAL VALVE STENOSIS. Kent L. Richards, MD, FACC, Ernest 
R. Greene, PhD, David E. Hoekenga, MD, Jerry G. Davis, BA 
University of New Mexico & Veterans Hsp, Albuquerque, NM. 
Twenty patients te with aortic stenosis (AS), 7 with 
mitral stenosis (MS), & 8 normals (NL) ] were studied by 
“Popplercardiography (D) & cardiac catheterization to 


-assess D for detecting & quantitating valvular stenosis. 


-Alunique 3MHz range-gated D with variable sample volume 
(SV) width & a cardiac tracking device was utilized. The 
aortic orifice was studied with the transducer at the 

_suprasternal notch & SV 2 cm above the aortic cusps; the 
mitral was studied with the transducer at the cardiac apex 
& SV within the orifice. Doppler frequency shifts were 
analyzed using a directional multifilter sonograph. From 
the 6 decibel envelope of the systolic (s) aortic record, 
temporal mean midsystolic velocity (V) & systolic time- 
velocity integral (TV) were measured. Similar diastolic 
(d) parameters were measured from the mitral records. A 
velocity index (VI) which reflects the increased velocity, 
flow disturbance & prolonged ejection noted in stenotic 
orifices was calculated (V x TV). VI, clearly separated 5 
AS. from 8.NL patients {p<.01), & VIy clearly separated 7 
MS from 8 NL patients (p<.001). Good correlation was 

-noted between aortic valve area & VI, (r=.94), & mitral 
valve area & VIq (r=.88). 
= i Velocity Index (cm/sec) Valve Area (cm2) 

oo NL (Aortic) "191-648 14) + ~----- =- 

HAS: Mild ; 





687-879 783) 1.0-1.2 RR 

Severe 1044-1797 { ) 0.4-0.8 06 
NL (Mitral) 76-435 en, | ae a 
OWS Mila ------ a 558 0 wn----- 2,9 
Moderate 695-879 (804) 1.3-1.7 (1.5) 
Severe 3216-1338 (12 0.4-1.0 (0.7) 


-The data ‘support the usefulness of non-invasive D with 
improved spatial resolution and careful velocity waveform 
‘analysis in quantifying severity of AS and MS in adults. 


PULSED ECHO DOPPLER MEASUREMENTS OF BEAT TO BEAT CHANGES 
IN STROKE VOLUME IN DOGS 

Richard Steingart, MD, Jose Meller, MD, FACC, Julie 
Barovick, RN, Randolph Patterson, MD, FACC, Michael 
Herman, MD, FACC, Louis’ Teichholz, MD, PACC, Mount Sinai 
Medical Center, New York, N.Y. 


Measurement of stroke volume (SV) by pulsed echo Doppler 
{PED} has not been validated against a reference method 
in-vivo. Therefore, we compared Doppler systolic velo- 
city integrals (DVI) with electromagnetic flowmeter SV in 
7 open. chest dogs. A PED transducer was held on the 
aortic arch with the sample volume in the ascending 
aorta, SV was varied by drugs and/or volume infusion and 
withdrawal. Linear regression analysis of SV v DVI re- 
veals: 








Dog N svt DVIŤ r Value Slope Intercept 

# {ec) fom-sec) SV v DYI 

1 6 7-28 «3L1-.699 ~B89* ~018 188 
2 i2 3-30 .107-.685 ~96* .020 .077 
3 15 2-28 ~041-.771 ~95* .026 -.028 
4 5 3-23 «~115-,947 ~74* .~ 032 -239 
5 3 3-21 -176-.748 .~80* «026 .217 
6 12 1-16 .015-.189 -87* .013 048 
7 10 l-11 ~044-.485 «95% 041 ~002 








N=# of interventions. t=range of values. *=p< .001 

Strong correlations and intercepts close to zero are 
shown. Repositioning of the transducer between interven- 
tions did not influence DVI. Variability in slope is 

= “inherent in this system as different, uncalibrated PED 
“settings are required for each dog. Variability of DVI 
within dogs may be due to zero crossing meter analysis of 

Frequency shifts, turbulent flow, or changes in aortic 
tross sectional area. In conclusion, PED serves as an 

“-@xeellent measure of SV changes in this model. 
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REVERSAL OF PROPRANOLOL INDUCED MYOCARDIAL DEPRESSION 
DURING PARTIAL AND TOTAL CORONARY OCCLUSION BY 
NITROGLYCERIN 

Shigehiko Hattori, MD; Vidya S. Banka, MD, FACC; Hajime 
Yamazaki, MD; Jai B. Agarwal, MD; John K-J. Li, PhD; 

Monty M. Bodenheimer, MD, FACC; Richard H. Helfant, MD, 
FACC, Presbyterian-University of Pa. Med. Ctr., Phila.,Pa..: 
Usefulness of propranolol in acute myocardial infarction 
is limited by its cardiodepressant effects. To determine 
whether these cardiodepressant effects can be reversed 
by nitroglycerin (TNG), partial or total coronary occlu~ 
sion (CO) was produced in 14 open chested dogs. Regional 
myocardial function was studied by implanting pairs of 
ultrasonic crystals subendocardially in the nonischemic 
(NZ) and ischemic zones (IZ). Propranolol (0.5 mg/kg) 
was given intravenously (IV) 30 min after CO, and. TNG- 
0.4 mg IV was. given 15 min after Inderal, Daring partial 
CO, systolic shortening (ZAL) in the IZ decreased from 
20.941.9 to 7.24+2.3 (p<.001). Propranolol produced smalt 
further decrease in ZAL to 6.7+1.6. ING increased ZARO i co 
from 6.741.6 to 12.24+1.9 (p<.001). The NZ was unaffected” 
by partial CO. but showed decrease in ZAL from 18.642.2 to 
15.641.8 (p<.01) with propranolol. TNG. increased ZAL 0 
from 15.6+1.8 to 18.242.1 (p<.01). Following total co; - 
ZAL in NZ changed from 17,8+1.2 to 18.3+1.2 and decreased 
to 15.440.8 (p<0.02) with propranolol. ING increased the” 
shortening to 19.1+1.0 (p<0.05). In the IZ, total CO 
replaced shortening by lengthening (ZAL from 18.440.9.to 
-7.240.9). Propranolol and TNG had no significant effect 
on this. TNG caused a decrease in systolic pressure from 
117.444.3 to 90.6+3.7 (p<.001) and in LVEDP from 5.940.5 
to 4.14.5 (p<.01}). Heart rate remained unchanged. In 
summary, TNG reverses myocardial depressant effects of 
propranolol both in the partially ischemic and non= 
ischemic zones following acute coronary obstruction. 





PULMONARY EFFECTS OF A "CARDIOSELECTIVE" BETA BLOCKER 
Robert Di Bianco MD, Kenneth J Dickie MD, Steven Singh 
MD, FACC, Richard J Katz MD, Rebecca Bortz, Allan Simpson 
MD, Samuel: V Spagnolo MD, Ross D Fletcher MD, James M 
Raver MD, Veterans Administration and Georgetown Univer-~ 
sity Medical Centers, Washington, D.C. 


Beta adrenergic blockers may produce adverse pulmonary 
effects. Cardioselective agents are possible therapeutic 
alternatives but may not be selective at clinical do- 
sages. Each new agent must be evaluated for "nonspecif~ 
ic" beta effects at dosages used clinically. To assess 
acebutolol, a cardioselective beta blocker, for adverse 
pulmonary. effects, we performed 104 pulmonary function 
studies on 26 male stable angina pts free of overt pulmo~ 
nary disease. Pts were studied during each phase of a 
20-week placebo controlled, doubleblind, randomized 
crossover trial. The mean of two studies while on place- 
bo were compared with two on oral acebutelol (1.2 gms/day 
or 14 mg/kg/day) for each pt. Feart rates and rate pres- 
sure products at rest and peak exercise (p<.605) and fre- 
quency of angina attacks and NTG consumption {p< .02) de= 
creased with acebutolol. A slightly decreased forced ex- 
piratory volume at 1 second ( FEV1, 2.3%, p<.05) oc- 
curred, but flow volume loops, forced vital 
capacity(FVC), FEVI/FVC, moximum mid expiratory flow 
(MMF), arterial p02, pCO2 and pH were not altered (pNS) 
on acebutolol, 


Placebo Acebutolol p-value 
F¥C 3.49 L 3.89 L NS 
FEV? 2.75 L 2.66 L <.05 
MMF 237 L/min 222 L/min NS 


Chronic oral acebutolol, in dosages effective for relief 
of angina provoked only minor and clinically unimportant 
changes in pulmonary function which supports a claim for 
cardioselectivity in the clinical setting. 
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-ADRENERGIC RESPONSIVENESS FOLLOWING ABRUPT PROPRANOLOL 
WITHDRAWAL IN PATIENTS WITH ANGINA PECTORIS 
JoAnn Lindenfeld, MD; Michael Crawford, MD, FACC; Robert 
O'Rourke, MD, FACC; Lawrence Horwitz, MD, FACC, University 
of Texas Health Science Center and Veterans Administration 
Hospital, San Antonio, Texas. 
It has been suggested that propranolol (P) withdrawal 
phenomena may be due to sympathetic hypersensitivity. We 
have previously been unable to demonstrate enhanced adre- 
nergic responsiveness following P withdrawal in conscious 
dogs and normal subjects. Accordingly, we studied 10 pa- 
tients (pts) with angina pectoris before (C), during P 
therapy (160 mg/day X 14 days) and at 48, 96 and 144 hrs 
following abrupt withdrawal of P at rest, during an epi- 
nephrine (Epi) infusion (0.1 ug/kg/min X 5 min) and during 
treadmill] exercise. Below is detailed heart rate (HR), sys- 
telic blood pressure (SBP) and plasma Epi levels at peak 
exercise; free fatty acid (FFA) response to Epi infusion; 
and resting total serum triiodothyronine (T3) levels: 
HRxSBP Epi ree T 
(pg/ml) (mEq/L) (ngfd1) 





(beats/min) (X103) 


C 136216 22.9+6.6 59+ 33 1050+356 1511427 

P 106+14*  15.3+4.0* 126+129t 530+108* 137+23+ 

48 1342+21 21.344.9 58+ 27 817+155 132:12* 

96 136222 21.6+6.0 §8+ 28 9112249 137+23+ 

144 = 136+#23 22.0+6.5 56+ 34 926+173 129+20* 
Mean + ISD +=p<.05 *=p< 91 


All measures except T3 differed from control only during 
P. Ta was reduced for up to 144 hrs following P. Exercise 
duration was improved on propranolol therapy (454+128 vs 
392+116 sec, p<.05), but returned to control levels during 
withdrawal. No patients experienced increased angina or 
other untoward events after P withdrawal. We conclude that 
enhanced adrenergic responsiveness in the 6 days following 
= abrupt. P withdrawal in patients with angina pectoris is un- 
ccooyikely to be the explanation for propranolol withdrawal 
phenomena. ` 


DO BETA BLOCKING AGENTS PREVENT THE MORE RAPID ONSET OF 


<S EFFORT ANGINA DURING THE POSTPRANDIAL STATE? 


Gilles-R. Dagenais, MD, FACC; Francois Delage, MD, 
Jacques R. Rouleau, MD, FACC, Quebec Heart Institute, 





“Quebec, Canada. 


To answer the above question, metoprolol 100 mg (M) was 
given before an 860 calorie meal to 12 male patients with 
‘Stable angina and documented coronary artery disease. 
Three graded treadmill exercise tests (GET) (Bruce proto- 
colj were performed daily on 2 days. After an overnight 
fast, the first GET on each day was done after a placebo 
{P} to detect any daily variation. ‘The second GET was 
done 90 min after M or a second P given orally in a dou- 
ble-blind randomized fashion. Immediately after, the 
patients ate their meal and 30 min later did their third 
GET. Angina or fatigue were used as endpoints for each 
GET. A positive ECG (ECG+) was defined as a 1 mm ST seg- 
ment depression lasting 0.08 sec as compared to the res- 
ting tracing. There was no significant day to day dif- 
ference in the first CET. After P, all patients had an- 
“gina, while it occurred in 10 of the 12 patients after M. 
- The results (meantSEM) of the second (a.c.) and third 
@.c.}) GET for exercise duration, onset of ECG and 
maximal pressure-rate index {MPRI) were: 


-2 
DURATION (sec) ECG+ (sec) MPRI (Units 107^) 





p ac. 370428 280427 271413 
== p.c 310424 228219 268411 
M ac 405426 335425 188411 
A opus 386+30 317429 191211 


After P, angina and ECG+ occurred sooner p.c. than a.c. 
at similar MPRI (p<@.01}. After M, there was no signifi- 
cant difference between a.c. and p.c. results. Compared 
to P, M prevented the more rapid onset of effort angina 
and ECG+ during the postprandial state {p<0.01). 
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BENEFICIAL HEMODYNAMIC AND ENERGETIC EFFECTS OF AFTERLOAD 
REDUCTION WITH. PROSTAGLANDIN E-] IN PATIENTS WITH SEVERE 
CBRONIC CONGESTIVE HEART FAILURE 

John Hermanovich, MD; Najam A, Awar, MD, FACC; Mark Even- 
sen, BS; Tom Evans, MD, FACC; Dean T. Mason, MD, FACC, 
University of California, Davis, California. 


Although nitroprusside (NP) is recognized to be highly 
beneficial for vasodilator therapy of severe chronic con- 
gestive heart failure (CHF), the prostaglandins (PG) repre- 
sent a more rationale physiological approach. Therefore, 
the hemodynamic effects of afterload reduction with PGE-1 
infusion {0.04 pg/kg/min) were evaluated by cardiac catb- 
eterization in nine patients with refractory CHF. PGE<1 
did not alter control (C) heart rate (HR) of 71 bpm, while 
mean blood pressure (BP) decreased mildly from 83 to 75 mmHg 
(p<0.05) and excessive left ventricular filling pressure 
(LVFP) fell from 22 tc 17 mmHg (p@.005). Concomitantly, 
lowered cardiac index (CI) was augmented from 1.8 to 2.3 
L/min/M2 (p<0.01) and stroke index rose from 25 to 33 
cc/beat/M2 (p<0.01}. Morecver, PGE-1 raised stroke work 
index of 21 to 26 gm-m/M’ (p<0.01) while total systemic 
vascular resistance declined from 2162 to 1412 dynes-sec~ 
cm (p<0.01) and HR+BF product of myocardial oxygen con- 
sumption (MVO) index was reduced from 8864 ta 7952 
{p<0.05). Thus PGE-1 is a potent systemic vasodilator with 
beneficial. vasorelaxant actions on both the arteriolar 
resistance and venous capacitance beés causing substantial- 
ly decreased LVFP and increased CI. Accordingly, PGE-1 
infusion produces considerable improvement in LV function 
and energetics in patients with severe chronic CHF. More- 
over, the marked concomitant platelet inhibitory actions of 
this potent agent indicate that PGE-1 is particularly suit- 
ed for afterload redection in patients with severe ischemic 
cardiac failure. 


PHARMACOKINETICS AND PHARMACOLOGIC EFFECTS AFTER SINGLE 
AND CHRONIC DOSES OF ISOSORBEDE DINIFRATE 

Ho-Leung Fung, PhD; Edward F. McNiff, BS; Donald 
Ruggirello,BS; Andrew Darke, PhD; John 0. Parker, MD, 
FRCP(C), Udho Thadani, MBBS, MRCP, FROP(C), State Univer- 
sity of New York at Euffalo, Amherst, NY. 


The inter-relationships among oral isasorbide dinitrate 
(ISDN) dose, drug pharmacokinetics and pharmacologic 
effects were examined in 12 angina patients. Plasma ISDN 
eoncentrations were determined by gas chromatography at 
selected intervals after single oral doses of 15,30,60 and 
i20 mg and after chronic administration (qid for 1 week) 
ef the same doses. Significant accumulation of intact ISDN 
in plasma was observed after chronic dosing at 30,60 and 
120 mg. The area under the plasma comcentration vs, time 
curve, from 0-6 hr, (AUC) was shown te be approximately 
proportional to dose after single doses, but increased 
disproportionately with dose after chronic dosing. Ap- 
parent elimination of intact drug appéared more prolonged 
in the latter case, suggesting decreased ISDN plasma 
clearance after chronic dosing. 


AUC (0-6 hr) ng-hr/ml, (meantS.E.) 


15 mg 30 mg 60 mg 120 mg 
single dose 15.6¢+3.4  26.74+3.8 49.8+5.9 93.2412.5 
chronic dose 18.641.6 43.74+4.8% 133 +18* 304 +34* 


*Different (p<0.001) from corresponding single dose AUC. 


Ia spite of elevated plasma ISDN concentrations after 
chronic dosing, responses in standing heart rate, systolic 
blood pressure, and exercise tolerance were considerably 
attenuated after chronic dos@ng. No. apparent cerrelation 
between plasma concentration and effect was observed sug- 
gesting that ISDN at the site(s) of accion might not be in 
rapid equilibrium with plasma drug and that ISDN tolerance 
in man was not a result of increased plasma drug clearance. 
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<>; TRE EFFECTIVENESS OF COMBINED VERAPAMIL AND NITRATE 
THERAPY IN PRINZMETAL'S VARIANT ANGINA 

Albert E. Raizner, MD, FACC; William Gaston, MD, FACC; 
Robert A. Chahine, MD, FACC; Robert Fulweber, MD, FACC; 
Don Rochelle, MD, FACC; Richard R. Miller, MD, FACC; 
Robert J. Luchi, MD, FACC, Baylor College of Medicine 
and VA Medical Center, Houston, Texas. 


` Prinzmetal's variant angina which does not respond to 
nitrates (N) can pose a serious therapeutic problem. We 


“= studied the effectiveness of verapamil, a calcium antag- 


enist, in combination with nitrates in 10 patients (pts), 
4 males and 6 females, ages 42 to 74, (mean 57) years, 
who were refractory to nitrates alone. Angina frequency 
was 1-3 (6 pts), 3-5 (3 pts) and > 5 (1 pt} attacks per 
day. ST segment elevation during pain was documented in 
all. Serious arrhythmias during attacks included com- 
plete heart block (2 pts) and ventricular tachycardia 

(3 pts). Coronary arteries were normal in 7 and 3 had 
Coronary artery spasm was docu~- 
mented in 7 pts during spontaneous (3 pts) or provoked 
attacks (4 pts). Verapamil, 40-120 (avg 80 mg) q 6h 
was, initially, used alone in 3 pts. One became asympto- 
matic and 2 improved, but still had variant angina at- 
tacks. {> l/week). In 9 pts verapamil plus nitrates elim- 
inated attacks in 7 pts, with marked improvement (<1 
attack/month) in 2 pts. Asymptomatic or improved status 
has been maintained during 3-12 month follow-up (mean 
“6.2).° No episodes of ST elevation or serious arrhythmias 
o have been noted on ambulatory 24 hour ECG obtained q 2-3 
mös, Importantly, the only side effect was GI distress 


- in ipt necessitating reduction in dosage of verapamil. 
o Thus, verapamil in combination with nitrates is highly 


effective and safe in the treatment of Prinzmetal's 
variant angina. 


EFFECT OF NIFEDIPINE ON EXERCISE TOLERANCE IN CORONARY 
ARTERY DISEASE 

James V. Faris, MD, FACC; Richard H. Childress, MD, FACC; 
August M. Watanabe, MD, FACC, V.A. Medical Center and 
Krannert Institute of Cardiology, Indiana University 
School of Medicine, Indianapolis, Indiana 


Nifedipine, a calcium-antagonist and arterial vasodila- 
tor, is known to be effective in treatment of Prinzmetal's 
angina, but may also be effective in angina due to fixed 
occlusive disease. To assess the effect of Nifedipine 
on treadmill exercise tolerance, nine stable angina pa- 
tients with proven coronary disease underwent serial 
symptom limited exercise testing using a modified Balke 
protocol. Average exercise time, blood pressure response, 
double product and maximal ST-segment depression were 
compared for two control (placebo) treadmills versus the 
average of two Nifedipine treadmills. In a single-blind 
fashion, each patient received placebo or Nifedipine 
10-20 mgm Q6H with a dose 1-2 hours prior to treadmill 
testing. All antianginal drugs except nitroglycerin 
were proscribed. The results are tabulated below: 
Control Nifedipine Sig. 
321474.7 434267.6 p<.001 
135211.5 148£18.1 p<.0l 
174415.4 172212.0 n.s. 
Diastolic BP (mmHg) 105t 9.4 914 5.9 p<.001 
Mean BP (mmHg) 127410.6 1172 6.7 p<.0l1 
‘pouble Product (HRxSBP/100) eae 6 es 3 p<.o1 


-o Maximal ST-Depression (mm) 0.7 1.54 0.8 n.s. 
>the data suggest Nifedipine igcitiauacts improves exer- 


<o pipe tolerance, double product and peak heart rate 
_ cachieved. The significant drop in mean and diastolic 
blood pressures may also play a role in the observed 

: augmentation of exercise tolerance by reducing myocardial 
“oxygen consumption. 


Exercise Time (Seconds) 
Heart Rate 
Systolic BP (mmHg) 
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SYSTEMIC AND CORONARY HEMODYNAMIC EFFECTS OF INTRAVENOUS 
DILTIAZEM IN PATIENTS WITH CORONARY ARTERY DISEASE 

Julio F. Tubau, MD; Pierre Côté, MD, FACCI Martial G. 
Bourassa, MD, FACC, Montreal Heart Institute, Quebec. 

The oral form of Diltiazem (D), a new calcium antagonist, 
seems to provide more benefit to coronary patients (pts). 
than the usual coronary dilators (nitroglycerin excepted). 
The effects of intravenous D in human are not well known, 
Therefore in 8 angina pts undergoing coronary arteriogra- 
phy, heart rate (HR), systolic blood pressure (SBP), 
stroke volume index (SVI), systemic vascular resistance 
(SVR) as well as coronary sinus blood flow (CSBF) and 02 
consumption by the heart (MVO2) were measured at rest and 
throughout the infusion period. Two separate doses of Ñ, 
15 and 30 ug/kg/min, were administered for 10 min each 
with a 10 min interval in between. 








Rest D 15 ug D 30 pg eee 
(0 min) (10 min) (30 min) (45 min}. 
HER( beats/min) 762 7722 7423 692 39% 
SBP (mmHg) 13326 13045 121+6 * 12227% 
SVI(m1/beat/m*) 3842 4423 * 4524 * 
SVR(dyn.sec.cm75) 14804114 1336299 1190 80%%* 
CSBF (ml/min) 142424 158423 160222" 
MVO2(m1/min) 14704269 14524113 1300287 
X + SEM 





*p<.05; **p<.02; ***p<.001 (compared to resting values) ; 
These data show that D infused for a short period of tine 
acts primarily as a peripheral and coronary vasodilator, 
decreasing SBP and SVR and increasing CSBF. However, 10 
min after discontinuation of the drug, HR decreases sig- 
nificantly while SBP remains lower than at rest. Therefore ~ 
D reduces HR in addition to its main vasodilator effect, 
but the onset of its negative chronotropic action is de= 
layed significantly compared to afterload reduction. AE 
this point D should induce a significant reduction in. myos 
cardial oxygen consumption. 


EFFICACY OF DILTIAZEM IN VARIANT ANGINA 

Steven Rosenthal, MD; Robert Ginsburg, MD; Irene Lamb, RN; 
Donald Baim, MD; John Schroeder, MD, FACC. Stanford 
University, Stanford, California. 


Diltiazem is a new calcium "slow channel" blocker for the 
treatment of variant angina. Seven patients with variant 
angina documented to be secondary to coronary artery 
spasm completed a 10-week double blind study with three 
2-week placebo periods and one 2-week period of Diltiazem 
120mg per day and one 2-week period of Diltiazem 240mg 
per day. Response was assessed by number of episodes of 
pain and nitroglycerin consumption. There were 596 epi- 
sodes of pain during 272 patient-days of placebo (2.19 
per patient-day) with a significant reduction to 43 epi- 
sodes during 95 patient-days of Diltiazem 120mg per day 
(0.45 per patient-day) (p<.05) and to 23 episodes during 
93 per patient-days of Diltiazem 240mg per day (0.24 per 
patient—day) (p<.02). Nitroglycerin consumption was also 
significantly reduced from 2.01 per patient~-day during 
placebo to 0.47 per patient-day during Diltiazem 120mg 
per day (p<.04) and to 0.24 per patient-day during 
Diltiazem 240mg per day (p<.03). Six of seven patients 
were complete or near complete responders; one of seven 
patients was an incomplete responder to 240mg per day. 
There were no complications or side effects. In conclu- 
sion, Diltiazem is an extremely effective drug in the 
treatment of variant angina. 
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HYDRALAZINE EFFECTS ON HEMODYNAMICS, CARDIAC CONTRACTILE 
FUNCTION AND MYOCARDIAL ENERGETICS IN ISOLATED MYOCARDIUM 
Leigh D. Segel, PhD; Stephen V. Rendig, MS; Ezra A. 
Amsterdam, MD, FACC; Dean T. Mason, MD, FACC, University 
of California, Davis, California, 





There is relatively little information regarding the di- 
rect cardiac effects of hydralazine (H), a vasodilator 
drug that has been applied in the treatment of cardiac 
failure. To clarify the direct cardiac effects of H, 
dose-response curves for this agent were evaluated in (1) 
isolated, working rat heart (IWRH); (2) isometric cat 
right ventricular papillary muscle (PM); and (3) isolated 
rabbit right atrium (RA). IWRH (n=6): there was a marked 
increase in coronary flow (72-99 ml/min/g, p<.05) at 107 6y 
H, which remained significantly elevated at 107°M and 
107“M H. Heart rate, cardiac output, left ventricular (LV) 
end-diastolic pressure and myocardial oxygen consumption 
(MVO2) were not altered from control at 1078M ~ 1074m H. 
Cat PM (n=7): maximum developed tension (T), dT/dtmax and 
time to peak tension were unaltered by 1077M, 1076M and 

| 1075M H but dT/dtmax was Significantly elevated (34236 
g/sec/mmn, p*.05) at 1074M and both T and daT/dtmax were 
increased (6.7+9.2 gimè, 34°62, p<.02) at 1073M. Pre- 
treatment with propranolol (107ÔM, n=7) abolished this 
positive inotropic effect. Isolated RA (n=5): spontaneous 
contraction rate was unaltered by 10-74 - 10754 H, and di- 
minished by 1074M and 1073M H (87+80°68 beats/min, p<.005). 
Thus, H was associated with unaltered pump performance and 
MVO2, accompanied by augmented coronary flow in IWRH, 
“while high concentration of H induced a positive inotropic 
effect mediated by beta-adrenergic stimulation in cat PM 
and elicited a negative chronotropic effect in rabbit myo- 
cardium. These data indicate that H has a primary coronary 
vasodilator effect and that at concentrations utilized 


zo ¢Mnically, its salutary circulatory actions are primarily 


related to extracardiac vasodilator actions. 


THE ERGONOVINE STRESS TEST: A PROVOCATIVE TEST FOR DIFFUSE 

ESOPHAGEAL SPASM OR VARIANT ANGINA? Kenneth L. Koch, MD, 
‘Arvin Long, RN, R. Charles Curry, MD, and John R. Mathias, 

MD. University of Florida and the Veterans Administration 


“Medical Center, Gainesville, Florida. 


Intravenous ergonovine maleate (EM) during cardiac cathe- 
terization (CC) is used to evoke coronary artery spasm, 
“pesulting in chest pain (CP) and ST segment shifts. We 
have observed patients who experience CP in response to EM 
in the absence of spasm. The purpose of this study was to 
determine if EM produced esophageal dysfunction and CP. 

15 patients were evaluated by routine esophageal manometry 
= 7 with CP(Group 1) and 8 without CP(Group 2). All pa- 
tients had normal CEs. During esophageal manometry IV 
‘infusions of saline 10 ml or EM .2-.4 mg/10 ml were given. 
Following each infusion 25 dry swallows were analyzed. 
Means of the manometric responses are below: 





Group. 1:Saline vs EM Group 2:Saline vs EM 





LESP! tmlig 18 28 19 20 
c 2-LES? + w.EM 574 6 
CY LESP relax 79 54b 48 49 
-X Repetitive 3 20% 10 16 





ooo Telower Esophageal Sphincter Pressure aZp<.05 EM vs EM 
oS ™p<.05 Saline vs EM 

During EM infusion Group 1 patients developed CP and sig- 
„nificantly increased LESP, increased repetitive contract- 
fons, and decreased Z LESP relaxation which resembled dif- 
fuse esophageal spasm. In contrast 4/8 Group 2 patients 
had CP with EM infusion but no changes in responses 
studied. In conclusion: 1) EM infusion induced both CP 
and esophageal motor dysfunction in Group 1 patients indi- 
cating esophageal disease, 2) Esophageal manometry with 
EM challenge may be a useful clinical test for angina- 
like CP by unmasking latent DES, 
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AORTIC VALVE DISEASE 
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TURAL HISTORY OF UNOPERATED AORTIC STENOSIS: HEMO- 4 
YNAMIC PROGRESSION. Stephen Wagner, MD, FACC; Arthur 
elzer, MD, FACC, Pacific Medical Center, San Francisco, 
A. ; 
In order to examine factors that might predict progression 
ate in valvular aortic stenosis (AS) we reviewed serial 
emodynamic studies in £0 adult pts cf whom 7 had can- 
enital, 22 rheumatic and 21 degenerative calcific aortic 
tenosis (CAS). Compared withthe others those with. CAS 
ere older (62 + 6 vs. 51 + 9: yrs, p < .001) and had onset 
f murmur later in life (10 + 4 yrs before first cath vs. 
7+9 yrs, p< .001). For all pts average values at 
irst cath include age 54 + 4 yrs, peak gradient 38 + 
7 mmHg, calculated aortic valve area (AVA) 1.3 + .7 cme. 
mean 3.5 + 3 yrs leter gradient was 57 + 30 mmHg and 
VA .8 + .4 cmé. Peek left ventricular (LV) pressure rose 
+ 33 mmHg and cardiac output (CG) fell .5 + .2 L/min. 
ts appeared to distribute into rapid (n = 21) and slow 
(n = 29) progressors with respective rates of a change in 
VA of .30 + .21 vs. .02 + .08 cm@/yr. 76% of RP had CAS 
vs. 21% of SP (p < .001); they also differed in that 48% 
RP had serial fall in CO > 1 L/min vs. 17% of SP (p < .05). 
6/21 RP developed criticaT AS with AVA < .5 cm* and severe 
V failure, all had CAS. 
t is concluded that pts with CAS progress more rapidly 
han those with congenital or rheumatic etiology and in 
ome reduction of calculated AVA is due to an impaired 
bility of the failing LV to move calcified leaflets 
rather than an anatomic reduction in valve orifice area. 




















LATE SURVIVAL AFTER VALVE REPLACEMENT FOR SEVERE ISOLATED 
AORTIC INCOMPETENCE. John Greves,MD; David Clark, D; 
Barry Greenberg ,MD,FACC >” John $ ulty,MD,FACC; Albert 
Starr,MD,FACC;Shahbudin Rahimtoola,MD,FACC, University 

of Oregon Health Sciences Center, Portland, Oregon 


Twenty-nine patients (pts) underwent aortic valve re- 
placement (AVR) for severe, isolated aortic incompetence 
(AI) from 1973 to '78. Average (avg) age of the 23 men and 
6 women was 42 yrs. Etiology for AI was aortic roet dis- 
ease in 11, congenital in 6, previous bacterial endocardi- 
tis in 6 and unknown in 6. Four had associated coronary 
artery disease; all received bypass grafts. 

There were no hospital deaths; 5 yr survival is 614107 
(meantSE). Of all 9 late deaths (LD), 5 (55%) were due to 
non-anticoagulation of mechanical prostheses. 

In 24 anticoagulated pts, the 5 yr survival is 82+8%, 
avg mortality 3.6Z/yr; 4 LD were due to heart failure, 
arrhythmia, sudden death, and unknown in 1 each. The 5 yr 
survival of pts with cardiac index (CI) >2.5 L/min/m? was 
9227% vs 57119% in pts with CI <2.5 (P<.02);with mean Vef 
>0.75 circ/see was 9128% vs 54420% in mean Vef<0.75(P<.05) 
and with left ventricular (LV) ejection fraction (EF)>0.45 
was 94:6% vs 33419% for EF <0.45 (P<.001). There were no 
deaths in pts with EF >0.50 at an avg followup of § yrs. 

There were no significant differences in late survival 
between pts in Functional Class I & II vs ITI & IV, LV 
end-diastolic pressure ef >20 vs <20 mmg, LV end-diastol- 
ic volume of >210 vs <210 ml/m2 , LV end-systolic volume 
of >110 vs <110 ml/m* and LY mass of >240 vs <240 g/m2. 

These data suggest thet ia pts with severe AI, AVR 
should be undertaken: I} in all pts with impaired LV func- 
tion at rest. The results will be better in those with 
mild impairment (e.g. EF as low as 0.45);and 2) in all 
symptomatic pts with normal LV function, even if symptoms 
are mild. 
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SEVERE VENTRICULAR ARRHYTHMIAS IN PATIENTS LATE AFTER 
AORTIC VALVE REPLACEMENT. 

Alen H. Gradman, MD, FACC; Richard Shaw, MD; Harvey 
Berger, MD; Cynthia Crocco, BA; Mary Harbison, BA; 

Barry Zaret, MD, FACC, West Haven VAH and Yale University 
New Haven, Connecticut. 





To gain insight into the issue of sudden cardiac death 
following aortic valve replacement (AVR), two 24 hour am- 
-bulatory ECG recordings and radionuclide left ventricu- 
lar ejection fraction (LVEF) were obtained in 30 unse- 
lected patients (pts) with AVR an average of 4.5 years 
previously. Preoperatively, 38% had angiographically 
significant coronary artery disease, and 78% manifested 
left ventricular hypertrophy by ECG. Ambulatory ECG re- 
cordings were analyzed using the YALECG computer system 
which quantifies ventricular premature beats (VPB) by 
morphology and detects complex VPB patterns. Multiform 
VPB's were noted in all pts studied and ranged in aver- 
age frequency from <1 to 72/15 mins. VPB's were infre- 
quent (<10/15 min) in 21/30 pts and frequent (>10/15) in 
9/30. These were associated with ventricular bigeminy 
in 25/30 (83%) and VPB couplets in 23/30 (77%). Strik- 
ingly; at least one episode of ventricular tachycardia 
(VI) was present in 14/30 pts (47%). Overall, LVEF 
ranged from 20 to 88%. Mean LVEF in pts with VT was 
47442, compared to 62+4% in those without VT (p<.005). 

There was no difference in the incidence of coronary 
A artery disease or left ventricular hypertrophy in pts 
osewith and without VT. 
aooo @énclusion: Advanced grades of ventricular arrhyth- 
mias; including a 47% incidence of VT, are common late 
“after AVR and are associated with greater impairment in 
CLV fonction: These arrhythmias may be related to the 
high incidence of sudden death after AVR. 


SYSTOLIC AND DIASTOLIC LEFT VENTRICULAR FUNCTION IN 
PATIENTS WITH AORTIC REGURGITATION SEFORE AND AFTER 
BIOPROSTHETIC VALVE REPLACEMENT 


Ludger Goppel ,@D; Serban Dacian,MD; Felicitas Kraus ,MD; 
Donald Hali M; Werner Rudolph, MD,FACC, 
German Heart Center, Munich, Germany 


To assess alterations in left ventricular function, 
studies were performed before and after valve replace- 
ment in 10 pts with aertic regurgitation. Determinations 
‘of mean systolic stress (MSS), the myocardial performance 
index (MPI), chamber stiffness (kp) and muscle stiffness 
{ks} were carried out as well as measurements of pres- 
sures, cardiac index (CI), end-diastolic (EDVI) and end- 
systolic (ESVI) volume indices, ventricular mass (VM) and 
the ejection phase parameters (EF, mVcf). Postoperatively 
the average pressure gradiegt was 13.7+6.2 mmHg with valve 
orifice area of 1.98+0.4 cm, pressures and CI were nor- 
mal. EDVI decreased Substantially in all pts (188 vs. 108 
mi/m¢} but only in 502 to within normal limits. The VM 
also decreased markedly (238 vs. 143 g/m“) but remained 
elevated in 8 of the pts. EF and m¥cf, which were slight- 
ly diminished preoperatively, increased (0.54 vs. 0.58 
and 0,58 vs. 0.63 circ/secy respectively). MSS decreased 
markedly (326 vs. 185,0/cm*) and the MPI decreased moder- 
ately (43 vs. 32 g/cm*-sec). While all pts had normal kp 
(0.018 vs. 0.0175 mil) there was a decrease in the pre- 
- operatively elevated ks (12 vs. 4.7). The results of this 
-Study show that the increase in EF and mVcf are not due 


mS to improved contractility but rather to a marked reduc- 


tion in afterload, The further decrementation of the MPI 


o “can be explained by persistance of an elevated VM (wall 


_o thickness) in the presence of near-normal volumes and, 


- Subsequently, subnormal load conditions which lower ven- 


“tricular contractility requirements. The normalization 
of ks negates irreversible fibrotic involvement. 


ABSTRACTS 


AFTERLOAD REDUCTION THERAPY FOR CHRONIC SEVERE AORTIC IN- 
SUFFICIENCY: BENEFICIAL EFFECTS DURING REST AND EXERCISE. 
Barry Greenberg, MD, FACC, Henry DeMots, MD, FACC, Edward - 
Murphy, MD, FACC, Shahbudin Rahimtoola, MB, FACC, Univer- 
sity of Oregon Health Sciences Center, Portland, Oregon. 


The effects of isolated afterload reduction in patients 
(pts) with aortic insufficiency (AI) are uncertain. We 
evaluated the effects of hydralazine (H), a drug whose 
predominant effect is to reduce systemic vascular resis - 
tance (SVR), on cardiac performance both at rest and 
during exercise (ex) in 10 pts with chronic severe Al, -. 

All pts had cardiac catheterization and angiography: to 


document severe AI and exclude other significant valvular oe 


lesions. Ejection fraction was 0.52+.05(meanzSEM), itwas o 
reduced in.5 pts. Regurgitant fraction was 0.65.03. Left- 
ventricular end diastolic volume index was 197412 cc/mé. 

At rest, optimal dose oral H (50-125mg) incgeased car- 
diac index (CI) from 2.7+.0 to 4.62.3 L/min/me (p<. O01). 
and stroke volume index (SVI) from 34+3 to 46:4 cch 
(p<.001); H reduced pulmonary artery wedge (PAW) from” 
1423 to 943 mmHg _(p<0.10) and SVR from 1409+103 to 8964 — 
71 dynes-sec-cm~5 (p<.001). Heart rate (HR) and mean- 
arterial pressure (AP) did not change significantly. 

Eight pts were also studied. during maximal supine ex 
pre-H and at the same level of ex post-H. Although pre 
H ex alone reduced SVR from 1409+10 to. 11052166 dynes-". 
sec-cm-5, the addition of H caused a further reduction 
in SVR from 11054166 to 644456 dynes-sec-em-5 (p<.05) ane 
was associated with increased CI from 5.24.6 to 6.82.3 5 
L/min/m2 (p<.05) and reduced PAW from: 2124 to 1242 mmig 
(p<.05). HR did not change significantly; AP was reduced 
from 125+7 to 108:6 mmHg (p<.05). 

We conclude that H improves cardiac. performance both 
at rest and during ex and should be considered as alter- 
native therapy in selected pts with chronic severe AT. 








EARLY DETECTION OF AORTIC ROOT ABNORMALITIES IN ANKYLOS~ 
ING SPONDYLITIS BY TWO-DIMENSIONAL ECHOCARDIOGRAPHY. 
Charles R: - Tucker, MD; Robert Fowles, MD; Andrei Calin, MD; 
Richard L. Popp, MD, FACC; Stanford University, Stanford, 
CA. 





Mild aortic roet dilatation, cusp thickening and sub- 
valvular fibrous ridges have been reported as character- 
istic in patients (pts) with ankylosing spendylitis 
(AnkSp) and aortic regurgitation. Thirty pts with. AnkSp 
(7 also had Reiter's syndrome) without clinically 
apparent cardiac involvement were studied using phased 
array two-dimensional echocardiography (2DE) and sector- 
directed M-mode to determine the prevalence of aortic 
abnormalities. Aortic root dimensions were measured at 
the aortic annulus, the tip of the cusps and 0.5~1,5 cm 
above the cusps. The 2DE study was also analyzed for 
qualitative abnormalities. The dimensions were compared 
between pt subgroups separated according to age, 
duration of AnkSp, severity of AnkSp, and presence of 
qualitative abnormalities; and with 14 normals. No 
abnormally increased aortic dimensions suggestive of 
aortic dilatation were found in any of the groups, but 

2 pts had aortic dimensions greater than 4.2 cm at the 
valve (normal 3.9 cm). Also, 8 pts had discrete areas 
of increased bright echoes below the right and/or non- 
coronary cusps suggestive of a subaortic “bump” and 

2 pts had increased aortic cusp echoes suggestive of 
thickening and/or fibrosis. These changes tended to 
occur more commonly in older pts and with more severe 
disease. We conclude that aortic root changes 
suggestive of inflammation and/or fibrosis occur in 
asymptomatic AnkSp pts. Dilatation usually does not 
occur without aortic regurgitation. 
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: MITRAL VALVE PROLAPSE 
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MITRAL REGURGITATION IN MITRAL VALVE PROLAPSE: DETECTION 

BY PULSED DOPPLER ECHOCARDIOGRAPHY VERSUS ANGIOGRAPHY AND 
-CARDIAC AUSCULTATION. CORRELATION WITH CARDIAC ARRHYTH- 

MIAS BY AMBULATORY MONITORING 

Abid A. Shah, MD; Alan D. Waggoner, RDMS; James B. Young, 

MD; Richard R. Miller, MD, FACC; Miguel A. Quinones, MD, 

FACC, Baylor College of Medicine, Houston, Texas. 

The presence of mitral regurgitation (MR) was assessed 
by pulsed Doppler echocardiography (PDE) in 88 patients 
{pts} with M-mode echo evidence of mitral valve (MV) pro- 
lapse (P). Pt's age averaged 42 yrs, range:12-84 yrs. PDE 
evidence of MR [systolic turbulence in the left atrium 
(LA) behind MV] was observed in 45/88 (51%) pts. with MVP. 
Left ventricular (LV) angiograms in 31/88 pts [5 with, 26 

“without coronary artery disease (CAD)] revealed MR in 21, 
29 with (+) PDE [91% sensitivity (Sn)] and no MR in 10, 9 
with (-) PDE [90% specificity (Sp)]; predictive value of 

PDE=95%. Comparison with auscultation in 72/88 pts re- 
vealed isolated apical systolic murmurs typical of MR in 
33 pts, 31/33 (94%) with MR by PDE; absent murmurs in 24, 
“20/24 (83%) without MR by PDE, and atypical systolic mur- 
murs in 15 pts, 5/15 (33%) with MR by PDE (overall Sn of 
auscultation=90%, Sp-63%). M-mode predictors of MR severi- 
ty (MV excursion >25 mm, LA dimension >40 mm, LV dimen- 
Sion>56 mm) were seen infrequently (40%, 42% & 36% respec- 
tively). Ambulatory 24-hr Holter monitor in 41 pts (31/41 
swith coronary angiography; 2 with CAD) revealed either 
‘ventricular (V) bigeminy (B), V multiforms (M), couplets 
(C), V tachycardia (T) or supra VT in 11/18 (61%) pts with 
MR versus 5/23 (22%) pts without MR (p<0.01). Incidence 
of VM, C or VT was greater with MR (4/18 or 22%) than 
without MR.(0/23) {p<0.02). Thus, PDE is both accurate 
(902) and superior to auscultation in detecting MR in MVP. 
Clinical recognition of this subgroup of MVP pts is impor- 
tant since they appear to be associated with a higher in- 
eidence of arrhythmias including VM, C & VT. 


“END-SYSTOLIC RETRACTION OF THE LEFT VENTRICULAR POSTERIOR 
WALL: A SPECIFIC ECHOCARDIOGRAPHIC MARKER OF PROLAPSING 
MITRAL VALVE. James B. Young, MD; Alan D. Waggoner, RDMS; 
Miguel A. Quinones, MD, FACC; William L. Winters, Jr., 
“MD, FACC; Richard R. Miller, FACC, Baylor College of Medi- 
‘gdne and The Methodist Hospital, Houston, Texas. 
co An end-systolic posterior retraction (ESPR) of the ba- 
‘gal left ventricular (LV) posterior wall(PW) may be seen 
“by M-mode echocardiography (ECHO) in patients (pts) with 
mitral valve (MV) prolapse (P). In 100 random ECHO-stud- 
ied MVP pts (78 late, 22 pansystolic MVP) 36 demonstra- 
ted ESPE. Pansystolic MVP was more frequent in ESPR (14/ 
36, 39% vs 8/64, 13%; p<0.002). Mean (+SEM) posterior ex- 
eursion of late prolapse was greater in pts with ESPR: 
5.041 mm vs 3.621 mm (p<0.002). There were no differences 
= -€p°0.05) in ECHO LV shortening fraction, electrocardio- 
graphic findings ox pt symptoms between groups. In a pros- 
spective review of 1697 subsequent consecutive ECHO, 113 
C4) had MVP; ESPR was noted in 35% of these pts. Only 5 
opts without MVP had ESPR (3 with aortic insufficiency and 
one each with LV hypertrophy and mitral stenosis). Speci- 
icity of ESPR in MVP was therefore 99.6%. LV angiography 
(angio) in 42/213 ECHO MVP pts demonstrated 38 pts with 
_-definite-MVP by angio (7 with ESPR} and 4 pts with equi- 
“wocal-MVP. (none with ESPR). Elongated LV chambers were no- 
“ted in 4/7(57Z) ESPR pts vs 6/35(11%) without ESPR(p<0.02) 
No differences were seen between groups in prevalence of 
mitral regurgitation (MR). Thus, ESPR is a highly speci- 
fic warker of MVP associated with an increased duration 
“and depth of prolapse by ECHO. Abnormalities of LV con- 
tour by angio are often seen in pts with ESPR without MR. 
It is postulated that ESPR may represent premature relax- 
ation of LV PW segment due to pronounced MVP and altered 
LV geometry. Because of its high specificity this ECHO 
sign may be useful in assessing presence of MVP when MV 
motion is not entirely diagnostic. 


CONCORDANCE BETWEEN MITRAL VALVE PROLAPSE AND ABNORMAL 
COLLAGEN SYNTHESIS IN PHENOTYFICALLY EXPRESSED AND OCCULT 
EHLERS DANLOS SYNDROME 

Allan S, Jaffe, MD; Edward M. Geltman, MD; Michael E. 
Cain, MD; Jouni Uitte, MD, Ph, Washington University, 
St. Louis, Mo. 


To determine whether mitral valve prolapse (MVP) is a con- 
sistent manifestaticn of the underlying derangement in 
type IV Ehlers Danles (ED), we studied the family members 
ef a propositus. Seven subjects were investigated pro- 
spectively for the presence of MVP and for defects in the 
synthesis of type III collagen, the characteristic bio- 
chemical abnormality in this form of ED. No subject had 
stigmata suggestive of Marfan‘'s syndrome. To assess col- 
lagen synthesis, cultured skin fibroblasts were incubated 
with ~H-proline. Types I and III collagen were separated 
by DEAE-cellulose chrematography or by SDS-polyacrylamide 
gel electrophoresis. The presence of MVP was determined 
by 2 blinded observers by analysis of 2-D echocardiograms 
(echo). Two subjects had entirely normal production rates 
of type ITI collagen and normal dermatologic examinations. 
Neither of these subjects had MVP by echo. In centrast, 
the remaining 5 subjects had MVP by echo and either a 
click, a murmur or both on physical examination. These 
subjects all produced significantly less type III collagen 
[28 to 73%, mean=48+5 (SE)], than controls (p<.005) and 
than subjects with normal echoes (p<.005). Despite abnor- 
mal collagen production in these 5 subjects, only 2 
exhibited clinically apparent cutaneous abnormalities. 
These results demonstrate genetic concordance between 
abnormal collagen production and MVP in a kindred with 
type IV Ehlers Danles syndrome. In addition they suggest 
that MVP may be the presenting feature or only evident 
manifestation (a form fruste) of the Ehlers Danlos 


syndrome. 


PREOPERATIVE M-MODE ECHOCARDIOGRAPHY AS A PREDICTOR OF 
SURGICAL RESULTS IN CHRONIC MITRAL INSUFFICIENCY 
Claudio L. P. Cunha, MD; Emilio R. Giuliani, MD, FACC; 
Valentin Fuster, MD, FACC; Robert 0. Brandenburg, MD, 
FACC; Dwight C. McGoon, MD, FACC, Mayo Clinic and Mayo 
Foundation, Rochester, MN. 





Long-term results of surgical treatment for chronic mitral 
insufficiency (MI) cannot be accurately predicted by pre- 
operative clinical assessment. To determine whether pre- 
operative M-mode echocardiography (echo) can help in pre- 
dicting surgical results, we studied 96 patients (pts) who 
had operation for Mi-~83 for mitral valve replacement and 
13 for valve repair--performed between 1973 and 1977. 

Ages ranged from 18 to 76 years, mean 56. Sixty-one pts 
were male and 35 were female. The interval between preop- 
erative echo and operatien was 1 day to 6 months, median 
14.5 days. Evaluation of surgical results was based on 
curves of estimated probability of 5-year survival. The 
following echo parameters were associated with survival: 
{1) end-systolic left ventricular internal dimension 
€LVEIDs) (P<9.001); {2) percent change in LV dimension 
{ZAD) (P<0.01); (3) end-diastolic LV internal dimension 
{LVIDd) (P<0.05); and {4} percent change in septal thick- 
ness (ZAThS). (P<0.05). Higher 5-year mortality was seen 
in pts with LVIDs >50 mm, £AD<30%, LVIDd >70 mm, and ZAThS 
<30%. Atrial fibrillation, which was related to larger 
left atrial (LA) dimension (P<0.01), was also associated 
with worse prognosis (P<0.61). LA dimension alone did not 
eorrelate with survival, but it improved the predictive 
ability of ZAD (P<G.05). Cause of MI and functional 
elassification were not related to postoperative results 
{P>0.1), In conclusion, preoperative left ventricular 
dimensions and function, as evaluated by M-mode echo, 

and cardiac rhythm are useful prognostic indicators in 

pts having surgery for MÌ. 
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MITRAL VALVE PROLAPSE SYNDROME: ANTHROPOMETRIC, SEXUAL 

AND CLINICAL FEATURES 

Bernard King, MD; Harisios Boudoulas, MD, FACC; Mary E. 

Fontana, MD, FACC; Charles F. Wooley, MD, FACC; The Ohio 
State University College of Medicine, Columbus, Ohio 


The spectrum of the mitral valve prolapse (MVP) syn- 
drome ig incompletely defined. Three hundred thirteen 
patients (86 M, mean age 34.44 14 (SD) yrs and 227 F, 
mean age 34.3+°15’ yrs) with auscultatory MVP were seen 
for symptoms (Sx) or murmur evaluation from 1963-1977, 
Height/weight ratio was greater in MVP compared to nor- 
mals (M .46+ 04 (SE) vs .42+ .03, pe0.01, and F .54+ .02 
vs 47+ .04, pg.01). Arm span/height ratio was 1.02+ .03 
in M and 1,01+ .03 in F. 

Mean age of Sx onset was the same in M and F (30.6 vs 
29.9 yrs). Chest pain was the initial complaint in 50% 
M vs 36% F (pQ.01). Conversely, 42% F presented initi- 
ally with "palpitations compared to 21% M (P&.01). Nevro- 
logic Sx (including syncope), an initial manifestation 
in 9.5%, were present sometime in 15% of all. Chest pain 
was noted by:60% of both sexes. Palpitation (75%), fa- 
tigue (48%), dyspnea (34%) and arrhythmias (54%) were 

: more “frequent in F than M (48%, 28%, 16%, 34%, respec- 
tively, pe.Q1). The number of Sx was greater in F than 
: M (2.94 .I vs 1.9 + .1, pé.01); 10.5% of F and 16% of M 
were asymptomatic, 

: Distinetive anthropometric features; sexual diff- 
erences ih habitus, number and type of symptoms; pre- 
‘viously documented (by this group) evidence of increased 


- “adrenergic activity; reported sleep disorders and auto- 


“nomic dysfunction - permit definition of the systemic 
process, the MVP syndrome, and support the concept that 


MVP syndrome is a constitutional-neuroendocrine-cardio- 


vascular. process, 


MITRAL VALVE PROLAPSE : POSSIBLE MANIFESTATION OF A CONGE- 
NITAL NEURO-ECTO-MESODERMAL HISTODYSPLASIA- 
Philippe Jean-Louis -Chef de clinique -Service cardiologie 


Maurice Pont)-Hopital Croix-Rousse -Lyon 69317 - France. 
The nosology of mitral valve prolapse (MVP) is as yet unk- 


To evaluate the possibility that MVP may be a mani- 
testation of a congenital histodysplasia,We studied 130 
men(M)and women(W)with MVP proved by phono(P) and echocar- 
diography(£) without any other echocardiographic abnorma- 


‘zi lity -I)Psychologicaltest-Rickels' rating scale(RRS)-was 


randomly administered to 60 MVP(MW) and 30(MW) with acqui- 
“red valvular heart disease-MVP scored significantly hi- 
gher on the depression, somatization, sleep disorder, an- 
xiety scales of the RRS.The global psychopathological sco- 
re was significantly higher in MVP(P€0,01).11)23% of the 
women with psychosomatic digestive disorders had MVP pro- 
ved by P and E(prospective study). III) Dermatological 
examination was performed in 50 MVP(MW} : 28 had ichthyo- 
sis (xerodermia) and/or café au lait spots(24) and/or po- 
lythelia(2)and/or lentigines(31)and/or lipomatosis(3)(pro- 
Spective research of MVP in patients with these epidermal 
manifestations is being performed)-IV)Vertebrothoracic ab- 
normalities were comparable to those previously described 
and found in 1004%(scoliosis and/or straight back and/or 
pectus excavatum etc.).Perhaps the link between MVP, der- 
matological, psychopathological and vertebrothoracic ab- 
normalities could be explained by a single neural crest 
and: mesodermal embryonic tissue defect during the 4th to 


: 8th week of embryonic development. (MVP has an autosomal 


dominant mode of inheritance and is known to be associated 


owith connectiver tissue disorders such as Marfan's syndr- 


= om, Ehlers Danlos syndrom etc.).This study suggests that 
MVP is. a manifestation of congenital neuro-ecto-mesoder- 
mal histedys plasia-The neurogenic factor (central and pe- 


bed with W } pontd explain many symtoms and features associa 
wi 
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SUDDEN DEATH: TREATMENT OF VENTRICULAR 
TACHYARRHYTHMIA 
2:00-5:30 


RADIONUCLIDE VENTRICULOGRAPHY IN 121 SURVIVORS OF OUT~OF- 
HOSPITAL VENTRICULAR FIBRILLATION 

James L. Ritchie, MD, FACC; Gene B. Trobaugh, MD; Alfred 
P. Hallstrom, PhD; Glen W. Hamilton, MD; Leonard Á. 

Cobb, MD, FACC; Seattle Veterans Administration Hospital 
and Harborview Hospital, University of Washington, 
Seattle, Wa. 





Radionuclide left ventriculography was performed at rest eo 


(8) in 121, and at R and maximal supine bicycle exercise / 
(EX) in 66 survivors of out-of-hospital ventricular fib- =. 


rillation (VF) attributed to coronary artery disease (CAD). 
(103 male, 18 female, mean age 58). Mean R ejection 
fraction (LVEF) overall was .414.17 (n=121). Resting T 
LVEF was below .30 in 36% of patients, .31~.50 in 31%, 
and >.50 in 33%. Regional dyskinesis was present in 14%, 
akinesis in 37%, and hypokinesis in 29%. Mean EX=LVEF 
was .394.17 (compared to mean R-LVEF of .43£.17; n*66). 
At an average of 13.2 months of known followup, 10 of 118 
(8%) patients had cardiac death or repeat VF. Mean R= 





LVEF in non-survivors was .30+.16 vs. .424.17 (p<.015) in aS 
survivors. Non-survivors had more regions of akinesis or: 


dyskinesis (7/8, 88%) than survivors (39/82, 48%; p<.001), 
The magnitude of LVEF depression with exercise was not < 
greater in non-survivors (.03 vs. .04, p=NS). 





We conclude that: 1) Marked depression of LV function is 
not the common denominator of out-of-hospital VF; two 
thirds of patients are either normal (EF>.50) or have 
moderate (EF>,30) LV dysfunction. Many such patients are 
thus possible candidates for further medical or surgical 
therapy. 2) Recurrent VF/death is associated with a low 
R-LVEF and more severe wall motion abnormalities, but nor 
with the extent of EX-induced LV dysfunction. 


LACK OF EFFECT OF ASSOCIATED MYOCARDIAL INFARC+ 
TION ON LONG-TERM SURVIVAL OF OUT-OF-HOSPITAL VEN- 
TRICULAR FIBRILLATION. l 
Bim Sharma, MD; Morrison Hodges, MD, FACC; Richard. W. 
Asinger, MD; Gary Francis, MD, FACC. Hennepin County Med- 
ical Center & the University of Minnesota, Minneapolis, Mime- 
sota. 

Currently the prognosis of patients who survive out-of-hospital 
ventricular fibrillation (OHVF) is predicated on whether or not 
there is an attendant myocardial infarction. This report concerns. 
the long term survival (1974-1978) of 90 patients (78 males and 12... 
females) who were discharged from the hospital ambulatory with - 
full mental faculties after OHVF. Average age was 58.3 years 
(range 15-83). The occurence of acute myocardial infarction at 
the time of OHVF was determined by serial ECG, serial cardiac 
specific enzyme (CK-MB) and Te pyrophosphate scans. Three 
groups emerged: 1) patients who sustained definite acute myo 
cardial infarction (45 patients); 2) patients with no acute myo- 
cardial infarction (32 patients) and 3) an uneertain group (13 
patients). Follow-up of the 90 patients from the period 1974-1978 
revealed that 16 of 45 patients in acute myocardial infarction 
group (35.6%), 9 of 32 in no acute myocardial infaretion group 
(28.1%) and 4 of 13 uncertain patients (30.8%) sustained sudden 
death. The survival curve of all 90 patients indicated the survival 
rate at 1, 2, 3, 4 yrs to be 78%, 64%, 53% and 43% respectively. 
The survival curves of acute myocardial infaretion, no acute 
myocardial infarction, and uncertain groups were not different 
from each other. 

This study differs from others in the following ways: a) There 
was no uncertain group in previous studies. In this study 13 pts 
(uncertain group) had no clear-cut evidence which allowed either 
diagnosis or exclusion of acute myocardial infarction; and b}. The 
acute myocardial infarction group had as a high mortality as those. 
without. Thus, in our study, the occurrence of acute myocardial 
infarction at the time of OHVF does not seem to affect long-term — 
survival. 
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INDUCIBLE VENTRICULAR TACHYCARDIA IN PATIENTS WITH OUT OF 
HOSPITAL VENTRICULAR. FIBRILLATION 

Richard Kehoe, MD; Robert A. Bauernfeind, MD; Christopher 
R.C. Wyndham, MD, FACC; Sheridan Meyers, MD, FACC; James 
Palano, MD, FACC; Kenneth M. Rosen, MD, FACC, Northwestern 
University School of Medicine, Chicago, Illinois. 


Electrophysiological studies (EPS) were performed in ten 
consecutive patients (pts) with resuscitated out of hospi- 
tal (00H) ventricular fibrillation (VF). Five (50%) had 
inducible ventricular tachycardia (VT), and are described 
herein. These five ranged in age from 53-56 yrs and four 
were male and one female. Four had coronary disease (tri- 
ple in three and single in one), all with remote infarc- 
tion eight weeks to 4 years prior to, and no acute infarc- 
tion subsequent to OOH VF. One had primary myocardial dis- 
ease and three episodes of OOH VF. None had VT documented 
prior to VF. EPS performed post OOH VF demonstrated repli- 
cable induction of sustained paroxysmal VT (PVT), utiliz- 
ing V2V3 stimulation coupled to sinus or a driven ventric- 
ular rhythm. The cycle length (CL) of induced PVT ranged 
from 240-290 (274 + 20 msec) with QRS morphology of left 
bundle branch block pattern in two and right. bundle branch 
“block in three pts. Induced PVT was poorly tolerated, 
necessitating at least one cardioversion in four of the 
“pts (two because of degeneration to VF and two because of 
inability to terminate PVT). Repeat EPS were performed in 
all five pts utilizing one or more interventions. In four 
of the pts, an intervention totally prevented inductionof 
PVT (IV procaineamide in one, oral disopyramide in one, 
oral quinidine in one, and coronary bypass with aneurys- 
mectomy in ane). In the remaining pt, oral disopyramide 
increased CL of induced PVT from 290 to 400 msec. The pts 
have been followed on the drugs specified above (no drug 
in the surgical pt) for 2-9; 5.6 + 3 mos (28 pt mos of 
fcllow-up) with no recurrence of VF. In conclusion: 1) 
“Replicable PVT is:inducible in some pts with OOH VF. 2) 
This replicable PVT is fast, poorly tolerated, complicates 
“organic heart disease, and is probably the inducing rhythm 
for OCH VF. 3} Chronic EPS of the induced PVT is difficult 
-but feasible, and may allow demonstration of a favorable 
response to intervention. It is hoped that chronic EPS 
will allow prediction of therapy preventing subsequent VF. 


ECHOCARDIOGRAPHIC. DETECTION OF PATIENTS AT HIGH RISK FOR 
RECURRENT VENTRICULAR FIBRILLATION 

< geffrey A. Werner, MD, FACC; David Salerno, MD; 

Leonard A. Cobb, MD, FACC; Gene B. Trobaugh, MD; 

Carolyn Janko; Max Hedgecock, Harborview Medical Center, 
University of Washington, Seattle, WA. 


“To establish the role of echocardiography (E) in the 
clinical management of patients (PTS) surviving 
out-of-hospital ventricular fibrillation (VF), E was 
performed in 124 PTS an average of 4.2 months after VF - 
M-mode (ME) in all and two dimensional (2DE) in 55 PTS. 

\-Ceronary artery disease-(CAD) was present in 98/124 PTS 

and documented by ECG Q waves, typical myocardial 

perfusion imaging abnormalities, coronary angiography 

-and/or autopsy. Only 3/55 PTS undergoing 2DE did not 

have one or more of these diagnostic data. An E 

@lagnosis of ischemic cardiomyopathy (ICM) was made if 


“one or more akinetic (ABEG) or dyskinetic segments 


-{DSEG),;.frank aneurysm (BN) and left ventricular 
“dysfunction {LVD} was present. By 2DE, 34/55 PTS had 

Srat least one ASEG or DSEG and 17/55 PTS had AN. Of PTS 

-owith documented CAD, 34/39 PTS were diagnosed as ICM by 
= 2DE compared to 3/13 PTS without CAD but diagnosed as 

< TOM by 2DE (p=.0001). 1/52 PTS had normal 2DE but CAD. 
Severe ICM by E was present in 11/16 PTS having 
recurrent VF or other cardiac death compared to 16/108 
PTS with this E diagnosis but without such clinical 
events (p<.005). 

CONCLUSIONS: A diagnosis of ICM by E and particularly 
2DE was sensitive for underlying CAD in survivors of VF. 
Furthermore, E may predict PTS at high risk for 
recurrence of VF. 


SUDDEN DEATH AFTER MYOCARDIAL INFARCTION: RUNS OF VENTRI- 
CULAR PREMATURE BEATS AND R ON T AS HIGH RISK FACTORS 
William Ruberman, MD, FACC; Eve Weinblatt, AB; Judith D. 
Goldberg, ScD; Charles W. Frank, MD, FACC 

Health Insurance Plan of Greater New York, New York, NY 


Risk of sudden coronary death over 5 years is examined 
among 1739 male MI survivors who were monitored for one 
hour at a baseline examination. High mortality associ- 
ated with VPB, reported previously from the HIP study, 
persists in this extended observatiom period.Complex VPB 
(runs of 2 or more, R on T, multiform or bigeminal VPB) 
detected in the monitoring hour are associated with over 
twice the risk of sudden death found in the absence of 
such beats (5-yr mortality of 18.1% vs 7.7%,age-adjusted). 
Multivariate analyses confirm that the men with complex 
VPB have 2.4 times the sudden death risk of other men 
when the influence of other important prognostic features 
is controlled (congestive heart failure, ST depression, 
heart. rate, elevated blcod pressure). The longer observa- 
tion period, with a total of 149 sudden coronary deaths, 
permits study of the role of specified types of VPB. The 
presence of runs or early VPB is uniquely related to ex- 
cess risk of sudden death: 


Findings in l hr No. S-yr probability of death (%) 
of monitoring pts. Sudden coronary All causes 
Runs/early VPB 202 24.8 37.0 
Other complex VPB 260 13.4 33.0 
Simple VPB only 433 11.9 25.6 

No VPB 844 5.5 21.4 


The gradient also seen for all causes of death reflects 
primarily the steeper gradient found for sudden deaths. 
Although VPB are relatively more common. among MI patients 
with other indicators of myocardial dysfunction, the ex- 
cess risk for sudden death in the presence of runs/early 
VPB among men with complex VPB (or with simple VPB only 
among other men) is independent of these other variables. 


AGE RELATED CHANGES IN PROPENSITY TO VENTRICULAR 
FIBRILLATION IN PUPPIES 

Fany A. Kralios, M.D.; C. Kay Millar, M.D.; University of 
Utah, Salt Lake City, Utah 


Developmental changes in propensity to fibrillation were 
studied in 46 puppies of 6 age groups between 1-6 weeks 
(wk) by ventricular fibrillation threshold (VET) determi- 
nations, using the single pulse scanning technique. In 
each preparation 6 to 14 VFI determinations were obtained 
within a 3 hour period and averaged, since no systematic 
time effect was demonstrated. Analysis of variance of 
average values from each animal shewed significant differ- 
ences among age groups p<0.005. Mean group values showed 
a significant linear regression with age with VFTmA = 

8.4 + 2.35-wk, r = 0.98, p<0.001, Similar study of 14 ad- 
ditional puppies 7~11 wk showed plateau of the VFI to age 
relationship at a level not differing significantly from 
that of a group of 10 adult dogs which averaged 26.5 + 

2.2 mA. Spontaneous defibrillation was the rule (9642%) 
during the first wk and common (79%6%) during the second. 
However, it was less common. during the third wk (4619%) 
and rare during the subsequent weeks. Findings indicate 
that propensity to fibrillation is highest in the first wk 
and decreases linearly towards adult levels by the sixth. 
Whether this is due to changes in heart size and/or other 
developmental variable(s) is unclear. In contrast, main- 
tenance of fibrillation is lowest the first wk and in- 
creases linearly towards the fourth. Thus there may be a 
critical time during development when the heart is both 
vulnerable to fibrillation and has the ability to maintain 
it. Since the incidence of sudden infant death (SID) in 
humans is highest the third month after birth, our finding 
may support the acticn that interplay of factors responsi- 
ble for initiating and for maintaining fibrillation may 
play a role in SID. 
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HOLTER 24 HR RECORDINGS IN POST MI PATIENTS IN DOUBLE 
BLIND TREATMENT WITH SULFINPYRAZONE 

Tikdward Cuddy, MD, FACC; N.Donen, MD; H.Karlinsky, 
J.MeManus, RN; H.Larson, University of Manitoba, 
Winnipeg, Canada. 





Our participation in the Anturane Reinfarction Trial 

“4{ART) provided us the opportunity of studying the inci- 
dence of arrhythmias in patients with prior myocardial 
infarction treated in a double blind fashion with 800 mg 
sulfinpyrazone (S) or matching placebo (P). None were on 
antiarrhythmic drugs. For various reasons Holter 24 hr 
monitoring was not carried out at a uniform time post 
infarction, but 40 recordings on S and 37 on P were 
analyzed. The Lown Classification 0-V system was employ- 
ed. Also, the frequency of VPC's was analyzed with cut 
points of < & > 30/hr. No difference was found with fre- 
quency analysis alone, but the Lown Classification re- 
vealed significant differences between S & P as seen 
below: s P 


Lown Class O-III 27/40 (67.5%) 15/37 (40.5%) 
Lown Class IV-V 13/40 (32.5%) 22/37 (59.5%) 


#2 tailed chi square ep<.05 


The significant reduction in serious arrhythmias in 
patients treated with S could not be explained by any 
other identified differences in the patients, as to site 
ef infarction, time of monitoring, or arrhythmias wit- 
“messed in the CCU. Although not designed as a trial to 


oe ghow-an antiarrhythmic effect of S, the results are con- 


‘sistent with the reduction in sudden deaths reported in 
‘the. ART studies and with animal studies showing pre- 
treatment with S reduces serious ventricular arrhythmias 
after. coronary occlusion. 


MANAGEMENT OF REFRACTORY. VENTRICULAR TACHYCARDIA WITH 
APRINDINE. Philip R. Reid, M.D., FACC, H. Leon Greene, 
M.D., FACC, Allen H. Schaeffer, M.D. and Ann R. Pendleton, 
M.S. Johns Hopkins University, Baltimore, Maryland. 


Aprindine (Ap) was evaluated for symptomatic hypoten- 
sive ventricular tachycardia (VT), refractory to conven- 
tional antiarrhythmic agents, in 129 patients (pts): 
Coronary artery disease (68%), catdiomyopathy (16%), 
mitral prolapse (10%), rheumatic (42%), and congenital 

“heart disease (2%). Forty seven pts (37%) were survivors 
of sudden death (SD). A good clifical response (CR) was 
defined as: elimination of VT and œ 75% reduction in 
ventricular premature beats on repeated Holter monitors 
prior to discharge with maintenance of therapeutic predose 
Ap levels. In 45 pts electrophysiologic testing evaluated 
intraventricular reentry phenomena (IVR) during Ap admin- 
istration. 

A good CR was present in 103 pts (80%) during a follow- 
up of 1.4+0.1 (SEM) yrs on 11244 mg/d Ap with serum 
levels of 1.8+0.1 ug/ml. In 26 pts (20%) without good 
CR, followup was 6.340.1 yrs, on a dose of 144+10 mg/d 
with serum levels of 1, 6+0.1 ug/ml. Recurrent SD occur- 
red in 14/103 pts with otherwise good CR and in 9/26 pts 
with bad CR (<06.03). There were no differences in diag- 
noses, prior SD- -or serum Ap levels between good and bad 
CR. Testing for IVR after Ap correctly predicted the 
outcome of 7/11 with bad CR and 29/34 pts with good CR 
(p¢ 0.003). 

doco Thus, pts who have good CR on Ap have a reduced inci- 
“dence of recurrent SD compared to pts with bad CR. CR 

=o gan be predicted by suppression of IVR and/or arrhythmias 

on Holter monitor. 
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TREATMENT OF PVCs WITH TOCAINIDE, QUINIDINE SULFATE, AND 
PLACEBOS 

James E. Wasenmiller, MD; Wilbert S. Aronow, MD, FACC; 
University af California, Irvine 


We performed a randomized study investigating the efficacy 
of tocainide 600 mg three times daily with placebos and : 
quinidine sulfate 300 mg four times daily with placebos in” 
41 patients with at least 60 PVCs per hotir during Holter 
monitoring. The 41 patients: received placebo 1 during 

study weeks 1-2 and placebo 2 during study weeks 11~145 : 
Tocainide was administered to 22 päťientš and quinidine to 
19 patients during study weeks 3-10. Two 24 hour Holter : 
recordings were obtained on placebo 1, four 24 hour pe 
recordings’on tocainide or quinidine (end of weeks 4,6, a, 
and 10), and two 24 hour Holter recordings on placebo 2 
(end of weeks 12 and 14). Neither the subjects nor the 
interpreter of the Holter recordifigs (Anthropometri¢s, 
Inc.) knew which medication was being administered. 
Adverse effects occurred in nine of 19 patients (47%) on 
quinidine and in 14 of 22 patients (64%) on tocainide. 
Adverse effects caused six of 19 patients (32%) on 
quinidine and 13 of 22 patients (59%) on tocainide to 
discontinue medication. Reduction of PVCs at least. 75% 
from placebos 1 and 2 occurred in six of 13 patients (462) 
on quinidine and in one of nine patients (11%) on 
tocainide. Using Lown's ¢lassifitation, a reduction in 
one grade of PVCs occurred in eight of 13 patients (62%) 
on quinidine and in two of nine patients (22%) on 
tocainide. Neither quinidine sulfate nor tocainide 
suppresses PVCs with a high incidence of efficacy and a 
low incidence of adverse effects. 














CARDIAC: OUTPUT DURING VENTRICULAR FIBRILLATION IN THE 
COUGHING. BOG 

John P. Rosborough, PhD; Mark Hausknecht, 8S; J. Michael 
Criley, MD, FACC; Daniel Garner, BS; James T. Niemann, 
MD, Baylor. College of Medicine, Houston; Texas 


Observations in man have established- that constiousness ae 
can be maintained by vigorous coughing during life threat= 9 | 
ening arrhythmias. The mechanisms by which cerebral and 
coronary perfusion are maintained by coughing have been 
studied in dogs by cineangiography and manometry, indo- => 
cyanine green transit ‘times, and, flow measurements. Cine- 
angiography (60 fps) with pressure measurements estab- : 
lished that (1) left ventricular (LV), aortic (Ao), and 
airway pressures in excess of 100 torr can be produced by 
coughing; (2) outflow comes from the root-of thè Ao for — 
90 msec, then the Ao and mitral.valves open for.400 msec, 
with flow. from the vessels of the lung through the left — 
atrium and left ventricle maintaining cerebral circula- 
tion; (3) flow out of the chest is confined exclusively 

to the brachiocephalic vessels with flow from the descend- 
ing aorta going headward; (4) during the post- cough phase 
of the cycle there is a sufficient Ao pressure gradient 

to perfuse the coronary vasculature and there is forward 
flow down the descending aorta at this time. With indo- 
cyanine green, there is a mean transit. time of 22 sec 

from the pulmonary trunk to the root of the Ao with a va~ 
riety of coughs varying in force, duration, and frequency. 
Conventional, intravascular, electromagnetic fluid-veloc- 
ity measurements in the coughing, arrested dog show that 
brachiocephalic flow may be up to 80% of control flow. 
Pressure gradients in the thorax produce flow. of blood 

out of the thoracic reservoirs, by establishing a pres- 
sure gradient between the intrathoracic vessels and extra- 
thoracic outlets in a manner not unlike a major aspect of 
conventional, basic CPR as described recently. 








ABSTRACTS 


ELECTROPHYSIOLOGICAL CHARACTERIZATION OF MYOCARDIAL INJURY 
INDUCED BY DEFIBRILLATORY SHOCKS ON DOGS 

Gary J. Anderson, MD, FACC, Joseph Reiser, Ph.D., and Hugh 
McAllister, MD., FACC. William Likoff Cardiovascular Inst, 
Hahnemann Medical College & Hospital, Philadelphia, Penna. 


The purpose of this study was to characterize myocardial 
injury induced by defibrillation. Anesthetized mongrel 
dogs were given two transthoracic shocks, each 1 minute 
apart, at an energy level of 10 watt-sec/kg. Following the 
shocks, the animals were monitored for 2-3 hours. Of ‘eight 
animals studied, transient AV block was observed in 2; 
ventricular tachycardia in 2, ventricular extrasystoles in 
5, and no acute arrhythmias in 3. After 48 hours, animals 
were again anesthetized, the chest opened by lateral thor- 
acotomy, and the heart was suspended in a pericardial cra- 
dle to allow for visual examination. Discrete visible dys- 
kinetic segments and epicardial hemorrhage were observed. 
These areas and presumably normal areas were subsequently 
excised and studied utilizing conventional intracellular 
microelectrode techniques. Microelectrode studies of the 
injured segments showed the following: 1) altered action 
potential (AP) configuration with decreased resting poten- 
tial (-57.6 + 9 mV,n=17), shortened refractoriness (186 + 
5 msec) when compared to normal tissue (225 + 6 msec) but 
increased time dependency and triangularization of the AP, 
2) marked conduction delay and fragmentation in the in- 
volved areas, 3) reentrant excitation associated with pre- 
mature stimulation, 4) discrete boundaries between injured 
and normal cells, 5) AP alternans, and 6) AP's resembling 
the slow response. Histologic studies of the impaled sites 
showed focal epicardial myocytolysis, interstitial edema 
and areas of contraction bands. These data suggest that 
high energy doses from defibrillators induce localized 
injury which provides an ideal setting for arrhythmogene- 
sis. 


CHRONIC CARDIAC CHANGES FOLLOWING TRANSTHORACIC 
VENTRICULAR DEFIBRILLATION IN THE DOG 
Timothy B. Boone, MS.; Ted D. Pate, Ph.D.; John C. 





"Successful defibrillation" is commonly defined on the 
basis of the immediate electrical response to counter- 
shock, rather than chronic cardiac performance. Chronic 
hemodynamic and histologic changes following def ibri]la- 
tion at four current dosages (0.5, 1.0, 1.5, 2.0 A/Kg, 
peak current) were compared to control using 15 mongrel 
dogs (20-30 Kg). Left ventricular pressure (LVP), LV 
dP/dt, right ventricular pressure, aortic flow velocity 
(FV), dV/dt, and aortic pressure were measured with high 
fidelity catheter-tip transducers during light anesthesia 
(halothane:N,0:0,). Aortic diameter was measured dyn- 
amically with ulfrasound. Stroke volume and cardiac 
output (CO) were calculated from measured parameters. 
Thirty seconds of ventricular fibrillation, induced by 
endocardial stimulation, 60 Hz, 2 msec, 4 v, was fol- 
lowed by a single-shock defibrillation of a specified 
current dose. Surviving animals were maintained chron- 
ically and re-evaluated 5 days post-defibril lation. 
Fibrillation was terminated in all experimental animals 
receiving dosages > 1.0 A/Kg. No significant hemody- 
namic changes, or post-mortem histologic evidence of myo- 
cardial damage were found with 1.0 A/Kg. Significant 
(p< 0.05) decreases in FV and LV dP/dt, accompanied by 
minor microscopic myofibrillar edema, were found with 

1.5 A/Kg. The 2.0 A/Kg group showed significant (p<0.5) 
decreases in heart rate, CO, FV, and LV dP/dt accompanied 
by substantial histologic damage, including myofibrillar 
fragmentation and hypercontraction bands. The results of 
this study suggest that current dosages in excess of 1.0 
A/Kg (peak current) may result in graded histological 
damage and pump dysfunction. 
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USE OF AMBULATORY BLOOD PRESSURE, MONITORING IN THE EVALU- 
ATION OF PATIENTS WITH BORDERLINE HYPERTENSION. T.G. 
Pickering, M.D., G.A. Harshfield, Ph.D., and J.H. Laragh, 
M.D., F.A.C.C., Cardiovascular Center, The New York 
Hospital-Cornell Medical Center, New York, N. Y. 

24 hour recordings of blodd pressure (BP) and heart 
rate (HR) were made with an automatic non-invasive por- 
table tape recorder (Avionics) in 30 ambulatory patients 
(pts) with untreated éssential, hypertension. Accuracy of 
the recorder was compared against both mercury sphygmo— 
manometer and intra-arterial readings; correlation coeffi- 
cients were 0.9 for both. For each patient comparisons 
were made between (a) previously recorded office BP and 
HR, (b) BP and HR recorded by*the automatic recorder while 
being checked by a physician in the office (15 readings. at 
the start of the recording,.15 at the end), and (c) BP and 
HR recorded by the automatic recorder at home while awake 
(30 readings). Pts-were divided into a group of 17 with 
Borderline Hypertension (BH) and 13 with Established Hy- 
pertension (EH) according to whether their average dias- 
tolic BP in situation (a), was above (EH) or below (BH) 95 
mmHg; BH and EH were comparable for age and number of 
previous visits. In the group with EH there were no sig- 
nificant differences between the 3 sets of readings for 
either BP (a=158/106, b=157/106, c=154/100 mmHg) or HR 
(a=84; b=86, c=86 per min). But in the BH group home 
pressures (c) were significantly lower (p<0.001) than 
either set of office pressures (a=150/92, b=149/100, c= 
130/86). Situation b provoked a tachycerdia in BH pts 
(a=84, b=90, c=82 per min) (p<0.05 for b compared to c). 
All patients estimated the anxiety related to an office 
visit on a scale of 1 to 10; for BH there was a correla- 
tion (p<0.05) between this rating and the differences be- 
tween home and office pressures (b and c), but not for EH. 

It is concluded that ambulatory BP monitoring may be 
of particular value in pts with BH, where the anxiety of 
an office visit may elevate BP. 


TIME COURSE STUDY OF BLOOD PRESSURE IN CHILDREN AFTER 
THREE YEARS--BOGALUSA HEART STUDY. G. S. Berenson, MD, 
A. W. Voors, MD, L. S. Webber, PhD, Specialized Center of 
Research-Arteriosclerosis, LSU Medical Center, New 
Orleans, Louisiana. $ 
For early diagnosis and prevention of essential hyper- 
tension we asked: ''What is the time course of blood pres- 
sure (BP) of children in the upper BP decile? BPs were 
taken by mercury sphygmomanometer on 3524 children, ages 
5-14 years, representative of an entire community. Age- 
specific systolic and diastolic (4th phase) deciles were 
assessed. All children, ages 5, 8, 11, and 14 years, were 
re-examined annually, and the meanintra-child standard de- 
viation (SD) was computed to be 6 mm Hg systolic and 6 mm 
Hg diastolic. After three years all available children 
were re-examined, and the age-specific cross-sectional SOs 
were found to be 9-10 mm Hg systolic and 8 mm Ha diastol- 
ic. Hence the inter-child SD was computed and, using the 
Gardner-Heady model, the regression to the mean due to 
intra-child variation could be quantified for the upper 
decile BP. This enabled us to measure precisely the 
tracking of the group of children in the upper decile 
after three years. We observed that these children had on 
the average 1 mm Hg lower systolic and 1 ma Hg lower di- 
astolic BP than expected after adjusting for regression to 
the mean observed and mean expected). This finding of re- 
markable tracking in childhood is much higher than indi- 
cated by previous studies. We ascribe this difference, to: 
(a) six repeat measurements during each visit; (b) rigid- 
ly protocolized, near-basal measurements of children who 
were relaxed and free of anxiety; and (c) painstaking at- 
tention to optimal instrumentation including cuff sizes 
and a continuous training program for the small, exclu- 
sive, and permanent team of cbservers. Similar measure- 
ments can be obtained in a setting of office practice and 
are useful to detect early hypertension. 
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CIGARETTES, COFFEE, AND OTHER ASSOCIATIONS WITH HDL 
CHOLESTEROL IN THE GENERAL POPULATION 

Russell V. Luepker, MD, FACC; David R. Jacobs, PhD; 
Peter Hannan, MS; Elizabeth Brewer, BS, Henry L. Taylor, 
PhD; University of Minnesota, Minneapolis, MN 


High density lipoprotein cholesterol is consistently 
related inversely to coronary heart disease (CHD) in 
numerous prospective studies. HDL is also associated with 
physiologic and health behavior characteristics. To 
evaluate those relationships, 632 adults (age 20-59) from 
a geographic based random sample were surveyed. Measures 
included fasting plasma, blood pressure (BP), height, 
weight, treadmill performance (ET), and questions about 
nutrition and health habits. 

Participation rates in this population sample were 
consistently high (>80%). In univariate analysis, HDL was 
positively and significantly related to female sex (F), 
and exogenous hormone use (H), and negatively related to 
cigarette usage (CIG), body mass index (BMI), triglycer- 
ides (TG), very low density lipoprotein cholesterol (VLDL), 
and low density lipoprotein cholesterol (LDL). HDL was not 
related to total cholesterol (TC), BP, reported physical 
activity (PA), fitness by ET or reported alcohol (EtOH), 
tea, or coffee usage. 

Multivariate analysis demonstrated HDL independently 
related positively to F, H, age, heavy PA, EtOH, heavy 
coffee intake (>8 cups/day), and negatively to BMI, CIG, 
TG, VLDL, and LDL. It was not related to moderate coffee 
usage, ET, TC, or moderate PA. 

HDL is related to many modifiable health character- 
istics in these epidemiological data. Causal connections 
cannot be evaluated from these data; however, they must 
be considered in postulating mechanisms, evaluating 
patients, or planning intervention strategies. 


TOTAL CHOLESTEROL/HIGH DENSITY LIPOPROTEIN RATIO CORRE- 
LATES WITH THE PRESENCE BUT NOT SEVERITY OF CORONARY 
ARTERY DISEASE 

Gordon L. Pierpont, MD, John 0. Swanson, MD, and Arnold 
Adicoff, MD, FACC, VA Medical Center and University of 
Minnesota, Minneapolis, Minnesota 


Elevated serum low density lipoprotein is considered a 
risk factor for developing coronary artery disease (CAD), 
whereas elevated high density lipoprotein (HDL) apvears 
to have a protecting effect, and total cholesterol (C) to 
HDL ratio has been suggested as an improved method for 
assessing risk. We determined C, HDL, and triglycerides 
(trigl) in 189 patients (pts) undergoing diagnostic car- 
diac catheterization to determine if they correlate with 
the severity of CAD assessed as number of vessels (# ves) 
involved with >70% stenosis. Results (mg/d1+SEM): 


# ves 0 1 2 = 

# pts 32 49 52 66 

age 52+ *L.8 53t 1.6 5622.2 56+ 1.2 
Cc 212+ 7.7 250+10.7 244+ 8.5 250+ 6.2 
HDL 54+ 2.3 43+ 1.8 45+ 1.8 412 1.2 
C/HDL 4 Ue" Oe? 6.1+ 0.3 S72 0.2 6.4% 0.3 
Trigl 140412.3 212+28.8 204+21.4 231414.7 


Using analysis of variance, pts with no CAD differed from 
those with CAD in HDL (p<.005), trigl (p<.01), C (p<.905), 
and C/HDL (p<.005), but no significant differences were 
found between pts with CAD having different # ves 
involved. There were no significant differences between 
the groups in age, and although the 0 ves group had more 
females than the others, there were no differences in Gs 
HDL, C/HDL or trig] between males and females with no 
CAD. We conclude that C/HDL correlates with the presence 
but not severity of CAD. 
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ANGIOGRAPHIC CORRELATION OF CORONARY ARTERY DISEASE WITH 
HIGH DENSITY LIPOPROTEIN CHOLESTEROL IN ASYMPTOMATIC MEN 
Gregory S. Uhl, M.D., R. George Troxler, M.D., James R. 
Hickman, Jr., M.D., and Dale Clark, Ph.D., USAF School of 
Aerospace Medicine, Brooks Air Force Base, Texas. 

There appears to be an inverse relationship of high 
density lipoprotein cholesterol (HDL) and the risk of 
coronary artery disease (CAD). Fasting serum cholesterol 
(Chol) and HDL were determined on 572 asymptomatic (Asx) 
aircrew screened for CAD. Of these, 132 had an abnormal 
treadmill (TM) and underwent coronary angiography. CAD, 
defined as >50% narrowing in any major vessel, was found 
in 16 with the rest having minimal (N=14) or no CAD (N= 
102). The mean +SEM for Chol, HDL, and Chol/HDL are pre- 
sented below: 


Normal (N=102) CAD (N=16) 
Chol mg% 216 + 3.6 286 + 16.3** 
HDL mg% 50 + 1.1 39 + 2.9% 
Chol/HDL 4.4 + 0.1 7.5 + 1.6%** 
xp <0.02 *kp <0.001 *kkD <<0.001 


The mean +SEM values in the cath normals did not differ 
significantly from those values in the whole population. 
The 14 men with minimal CAD had Chol and Chol/HDL values 
that differed from the normals (p <.001). Only 2/16 CAD 
patients had Chol/HDL <6.0 while 4 cath normals had a 
ratio® 6.0. Only 42/440 men with normal TM had a Chol/ 
HDL >6.0. That is, only 9.5% of patients with a normal 
T™ had a ratio >6 while 87% of those with CAD had Chol/HDL 
>6. The sensitivity for detecting CAD of Chol/HDL >6.0 
was 87% (14/6), specificity 96% (98/102) and a predictive 
value of 77% (19/18) in an asx population with prevalence 
of 12% (16/132). Thus (1) Asx men with CAD have signifi- 
cantly lower HDL and higher Chol and Chol/HDL than normals, 
(2) A Chol/HDL >6.0 in Asx men with abnormal TM is an accu- 
rate predictor of CAD and (3) Even minimal CAD (lesions 
<50%) are identified by Chol/HDL above the norm. 


FOLLOW-UP OF PATIENTS WITH CHEST PAIN AND NORMAL CORONARY 
ARTERIOGRAPHY 


Ira S. Ockene, MD, FACC: Marilyn Shay, RN: Bonnie H. 


Weiner, MD: Joseph S. Alpert, MD, FACC; James E. Dalen,MD, 
FACC, University of Massachusetts Medical Center, 
Worcester, Massachusetts. 


Approximately 10% of pts referred for coronary arterio- 
graphy (CA) because of chest pain are found to have 
angiographically normal coronary arteries. The good 
prognosis of these pts has been well documented, but 
their functional and sociological status has been less 
well studied. 56 pts (26 M, 30 F, mean age 47) referred 
for CA because of chest pain and found to have normal 
coronary angiography with no other heart disease were 
followed up at a mean interval of 15.2 + 9.9 months. 

17 pts (30%) were pain free. 29 (52%) had fewer episodes, 
and in only 10 (18%) was the pain unchanged or more 
frequent. 15 (27%) were still on propranolol and 22 
(39%) remained on nitrates. 


Pre Cath Post Cath 
Work disability 35 (63%) 22 (39%) 
Pt feels heart disease 
present 43 (77%) 21 (38%) 
Pt feels heart is normal 9 (16%) 24 (43%) 


All of these pts had been told that they had normal 
hearts, and noncardiac chest pain. Despite this, 39% 
remain disabled, and 38% still feel they have heart 
disease. These pts represent a large, poorly dealt with 
health problem, and might benefit from further rehabili- 
tation. 
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SURGERY IN CONGENITAL HEART DISEASE 
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“LATE RESULTS OF RECONSTRUCTION OF THE RIGHT VENTRICULAR 
OUTFLOW TRACT WITH VALVED EXTERNAL CONDUITS IN CHILDREN. 


‘George S. Bisset, III, MD. David C. Schwartz, MD. FACC, 
George Benzing, TIT, MD. FACC, James Helmsworth, MD. 
FACC, Samuel Kaplan, MD. FACC. University of Cincinnati, 
Children*s Hospital Medical Center, Cincinnati, Ohio. 





The long-term results of reconstruction of the right 
ventricular outflow tract (RVOT) with a porcine valve 
heterograft (Hancock sizes 16-35 mm) was studied in 33 
children 1-5.8- yrs. (3.3 yrs.) post-operatively. Ages 
ranged. from 2,.5-17.5 yrs at the time of surgery (8.3 
cyrs.). Intraoperative pressure measurements of right 
¿ventricle (RV) to pulmonary artery (PA) peak systolic 
(PS) pressure in 25 patients showed gradients which 
ranged from 0-38 mm. Hg. (TO mm). RVPS pressure in 7 
other patients revealed 5 with RV/LV pressure <0.5. 
Nineteen. children had hemodynamic evaluation 1 mo. to 
3 yrs. post-operatively (1.4 yrs.). The RV-PA gradients 
ranged from 8-70 mn. Hg (23 mm). Seven of the patients 
=~ (21%) demonstrated gradients >40 mm.Hg. and have under- 
gone or are awaiting reoperation. Two other patients 
‘have clinical evidence of prosthetic valve incompetence. 
Each of the 4 porcine valves which have been replaced 
“were thickened and calcified. No vegetations were 
“visible and in the remainer of the study group infect- 
ous endocarditis has not been indentified. We conciude 
that the long-term performance of the porcine hetero- 
“graft remains uncertain in children and should be used 
cautiously in reconstructing the RVOT when an alternate 
surgical method is available. 


“co RIGHT VENTRICULAR GROWTH IN PULMONARY ATRESIA WITH 
-INTACT VENTRICULAR SEPTUM 

oUF. Fricker, M.D.; J.8.Zuberbuhler, M.D., FACC; W.H. 

< Neches, M.D.,FACC; R.A. Mathews, M.D.; S.C.Park, M.D., 
FACC; C.C. Lenox, M.D.,FACC; L.B. Beerman, M.D. 


 Shildren's Hospital, University of Pgh., School of 


Medicine, Pittsburgh, Pa. 

: Right ventricular growth was assessed by serial 
““gatheterizations in 8 surviving patients with pulmonary 
atreeia with intact ventricular septum. Their ages at 
the time of follow up catheterization ranged from 7 mo. 
te 12 yrs. Initial surgical management included either 
a closed or open pulmonary valvetemy in 4 patients; val- 

votomy combined with a systemic to pulmonary artery shunt 
in 2; and in one an aorta to pulmonary artery shunt 
alone. One patient with a patent ductus has had no op- 
erative intervention. 
ae The degree of right heart hypoplasia was estimated 
“by -meseuring the inlet(RVI} and outlet (RVO) dimensions 
Of the RV from cineangiogram, and comparing these di- 
mensions with corresponding left heart measurements 
LNT and LVO). The ratio of measurements taken from 
_cgerial cineangiograms (RVI x RVO/LVI x LVO) was plotted 
= Against BSA (body surface area M2), giving an estimate 
zef relative growth of the right ventricle. An increase in 
oothia ratio occurred in those patients who survived open 
or closed pulmonary valvotomy indicating definite RV 
growth. The ratio decreased in the 2 patients in which 
RV decompression was not accomplished. 

We conclude that. the degree of RHH can be accurately 
estimated by cineangiography and forms an important 
basis: for selecting patients for valvotomy. Factors 
affecting RV growth potential include size of RV, suc- 
cessful decompression, absence of inflow obstruction to 
+ the RV, and the presence of pulmonic or tricuspid re- 
gurgfitation. 








INTRAATRIAL REPAIR OF TRANSPOSITION OF THE GREAT ARTERIES 
IN INFANCY, EARLY AND LATE RESULTS 

Kevin Turley, MD; Barry Vinocur, MD, Michael Heymann, MD, 
FACC, Abraham Rudolph, MD, FACC, Paul A, Ebert, ME, FACC, 
University of California, San Francisca, CA 


Intraatrial repair of transposition of the great arteries 
{TGA} in the past has been delayed unt#! the 2nd year of 
life in the hope of improving survival. An approach ef 
early intraatrial repair (<6 mos.of age) or emergency in- 
traatrial repair, if the Rashkind procedure was ussuccess~ 
ful, has been employed at the UCSF from 1975-79. During 
this period 65 Infants < 2 yrs. of age underwent intraatr- 
ial repairs. The early corrective approach was employed in 
42 with 34 of these ia the first 3 mos. of life. Twenty- 
three patients had either multiple attempts at palliation 
prior to referral, or late referral fotlowing successful 
palliation. Overall hospital survival was 98.5%. The sin- 
gle mortality was in the late corrected group. Complica~ 
tions included phrenic nerve palsy in 2 (1 secondary to 
previous Blalock~Hanton) and chylothorex in 1 and retarded 
neurologic development in | infant whe had expertenced a 
preoperative arrest. There have been no late mortalities 
in 64 survivors. Thirty-seven patients a minimum of 18 
mos.postoperatively {mean 36 mos.,range 18-56 mos.) were 
reviewed. Twenty-three had early or emergent repairs. 
There was a lower incidence of both rhythm disturbances 
and neurologic. sequelae in the early corrected group. 
There were no symptomatic systemic of pulmonary obstruc~ 
tions. Echocardlographic and catheterization data reveal- 
ed no significant (NS) difference in RV function between 
the 2 groups. Early intraatrial repair of TGA with intact 
septum can be performed with a low operative mortal bty 
avoiding the interim mortality and complications of ex7 
tended medical management and palliative attempts. Æ low 
incidence of late complications is noted with early 
correction. 


TRANSPOSITION OF THE GREAT VESSELS WITH VENTRICULAR 
SEPTAL DEFECT: LONG TERM SURGICAL RESULTS 

Paul S. Damus, MD; Constance J, Hayes, MD; Robert A. Boxer, 
MD, Carl N, Steeg, MD, FACC; Frederick O., Bowman, Jee MD 
James R. Malm, MD, FACC; Welton M. Gersony, MD, FACC, 
Columbia~Presbyteriar: Medical Center, New York, N.Y. 


Various approaches to surgical treatment of transposition of the 
Great Vessels (TGV) and ventricular septal defect (VSD) heve 
been employed with diverse results. The long term effects of 
right ventriculotomy remain unknown, Thirty-three patients, age 
7 months - 18 years, with TGV~VSD, have undergone oper heart 
surgery at CPMC between 1966 and 1978, Twenty patients had a 
Mustard procedure (MP) and VSD closure via a right ventriculo- 
tomy. Twelve patients have expired, most as a result of peor 
right ventricular function. Eight patients have survived 1-9 
years postoperatively; two show poor RV Function and 4 have 
rhythm abnormalities. Thirteen patients had a MP with V5D 
closure without right ventriculotomy, Thare were 5 early and I 
late death. Four of 7 survivors have had arrhythmias. 

Eleven older patients with TGV, VSD and PS had a Restelli pro~- 
cedure (RP) and 10 survived with T late death. Eight survivors 
are in NSR. 

Rhythm disturbances and poor RV function have been significant 
problems following the MP and VSD closure. The RP, after PA 
banding, may offer significantly better long term survival . 
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EARLY PAILURE OF PORCINE VALVES IMPLANTED IN CHILDREN 
Stephen P. Sanders, MD; Michael D. Freed, MD; William I. 
Norwood, MD; Aldo R. Castaneda, MD; Alexander S. Nadas, MD 
Children's Hospital Medical Center, Boston, Ma. 





Between 1/74 and 12/78, 34 patients (pts), ages 

10/12 ~ 20 years (yrs) (median 14 yrs}, underwent mitral 
{M} or aortic (A) valve replacement (VR) at Children's 
Hospital, using Hancock Porcine xenografts (xeno). 

Among 26 pts who underwent MVR, there were 5 operative 
deaths and 3 late deaths, occurring 2, 2, and 34 months 
(mo) after surgery. Nineteen pts were followed 4 - 64 mo 
{mean = 26 mo) postoperatively. Four required repeat VR 
34 - 49 mo after implantation because of xeno failure. 
Calecific stenosis occurred in 2, while cusp rupture 
caused regurgitation in 2 others. Mild calcification was 
found in the regurgitant xéno as well. There were no 
operative or late deaths among 8 pts undergoing AVR. The 
duration of follow-up was. 7 = 37 mo (mean = 23 mo). One 
ženo calcified, causing severe stenosis and requiring 
replacement 31 mo after implantation. 

Xeno failures began presenting 30 mo after 
implantation, and of 13. valves followed 30 mo or longer, 
50 (38%) have been replaced. Although confidence limits 
were broad due to the small number of pts, actuarial 
analysis by life table showed only 37% of xeno remaining 
intact after 50 mo of follow-up. 

Since xeno failure is rare in adult pts, we examined 
othe relationship between age at VR and incidence of xeno 
failuye. The 5 pts, in whom xeno failed, were 
gnificantly (p = 008) younger at initial VR than the 
ther 8 pts followed 30 mo or longer (10.8 + 3.0 yrs vs 
AS.2-+. 2.0 yrs). Valve failure occurred in all 3 xeno 
“implanted in pts under ll yrs of age, in 2 of 7 in pts ll- 
T4 yrs of age; but in none of: 3 in pts over 15 yrs of age. 
Reno failure in children is a serious problem and 
further study of the incidence and mechanism is required. 





EXTENDED RESULT AFTER OPERATION FOR CONGENITAL AORTIC 
STENOSIS 

N. Okike, MD, D. C. McGeon, MD, FACC, G. K. Danielson, 
MD, FACC, R. B, Wallace, MD, J. R. Pluth, MD, F. J. Puga, 
MD, W. H. Weidman, M.D., Mayo. Clinic, Rochester, Minn. 


An additional 12 years of follow-up are now available 
since our previous report (maximum 23 years). Also since 
then, 144 more patients have been operated. Of the total 
313°patients, 183 (59%) had congenital valvular stenosis, 
-64°(202) subvalvular, 29 (9%) supravalvular and 37 (11%) 
“hada combination of two or all three levels of stenosis. 
The overall hospital mortality rate was 4%, and actuarial 
probability of being alive at 10 and 20 years was 84% and 
694 respectively. The principal causes of early death 
were endocarditis (BE), dysrhythmia and sudden death. 
The ovetall Likelihood of- reoperation was 8% and 11.8% at 
10 and 20 years. Causes. for reoperation were recurrent 
stenosis, regurgitation, or BE. Valve replacement (VR) 
was performed at the original operation or later in 45 
(14%) patients. LV apico-aortic conduit was performed at 
reoperation in 1 patient. Heart size, hemodynamics, type 
stenosis and other factors were correlated with early and 
late results. At final fellow-up the clinical status of 
patients (NYHA) was 86% I, 8% II, 3% EIT and 3% IV. The 
atudy is the longest available and large enough to allow 
comparison between the four subtypes. 
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HEMODYNAMIC RESULTS OF REPEAT VALVULOTOMY FOR AORTIC 
STENOSIS IN CHILDREN. 

Thomas Hougen, M.D.,; David Fulton, M.D.; William Bernhard, 
M.D.; Amnon Rosenthal, M.D., FACC; John Keane, M.D. : 
Children’s Hospital Medical Center, Harvard Medical 
School, Boston, Massachusetts. 


A second aortic valvulotomy (AV) is sometimes consid= 
ered in young patients (pts) with severe residual. valvar 
aortic stenosis (AS). This study was undertaken to assess 
our results of repeat AV in children. From 1958-1977, 
171 pts underwent AV of which 21 (12.2%) required asecond 
operation. for residual AS. Repeat AV was performed in 
13 (8%) and valve replacement in the other B (5%). Of 
these 13, 7. {Group A) were€l-year of age at first AV 
{average 8 months), while the other 6 (Group B} were 
older (average 8 years). After the first AV the peak 
systolic ejection gradient (PSEG) was 104 mmig (range 60+ 
140, n=6)° in Group A and 97 mmHg (80-113, .n=6) in Group By 

Following. repeat AV, the PSEG was €40 mmHg in 2 of the 
4 recatheterized and unchanged in the. other 2 in Group AL. 
Mild aortic regurgitation (AR) was-present in 6 of. the 7 
children. In Group B, of 5 pts reeatheterized the PSEG ~- 
was 270 mmHg in 4 and 12 mmāg in the other. AR was pres= 
ent in 5 of the 6, at least of moderate degree in 4. ; 

Our data indicate that repeat AV may be of value only 
in those children in whom the first AV was done in the 
first year of life. In those in whom the initial AV was 
performed D1 year of age, valve replacement is probably 
the preferred operation. 


SUBAORTIC STENOSIS: A THIRTY YEAR EXPERIENCE. Gregory B. 
Wright, M.D., John F. Keane, M.D.,; Alexander S. Nadas, 
M.D., FACC; Aldo R. Castaneda, M.D., FACC, William F. 
Bernhard, M.D., Children’s Hospital Medical Center, 
Boston, Massachusetts 

The purpose of this study was to observe the course of 
1) obstruction, as determined by the peak systolic ejec+ 
tion gradient (PSEG), and 2) aortic regurgitation (AR) 
pre- and post-operatively in 85 patients (pts.) (35 fe~ 
male) with subaortic stenosis (SAS). Only pts. with fix- 
ed left ventricular SAS and left ventricles of normal 
size were studied. Total follow-up was 625 pt.-yrs. (mean 
= 7.4 yrs.). Mean age of first catheterization was 7.4 
yrs. (1 day~24 yrs.) whereas mean age at detection of an 
LV outflow gradient was 9.7 yrs. (11 mos.-26 yrs.) Forty- 
six pts. had 104 other cardiac lesions, 31% of which were 
right-sided. Among 29 pts. catheterized more than once 
pre-op, the PSEG increased by 24Q0mmHg in 11 (38%). AR ap- 
peared spontaneously in 41 (48%), being mild in 38, mod- 
erate in 3. 

Resection of SAS was performed in 74 pts. fon two occa- 
sions in 11 pts.) with Il early and late deaths. In 37 
pts. catheterized post-op, mean PSEG was reduced from 80 
mmHg (S.D.=32mmHg) to 22mmlig (S.D.=26mmHg). Eight pts. 
required valve replacement (4 aortic (AVR), 4 mitral 
{(MVR)), mainly for iatrogenic regurgitation. AR (present 
in 39 pts. pre-op) remained mild in 28, disappeared in 3, 
remained or became moderate in 7, and became severe in 1. 

Bacterial endocarditis (BE) occurred in 11 pts. (13%) 
{5 pre-op, 6 post-op), but only when PSEG 240mmHg or when 
other lesions were present. 

Our data indicate: 1)SAS is often progressive; 2)AR is 
common, acguired, and usually does not progress after 
SAS resection; 3)BE is a frequent complication; 4)SAS 
resection adequately reduces PSEG in most pts.; DAVR is 
usually not required in pts. less than 25 yrs. of age. 
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MANAGEMENT OF THE INFANT WITH COARCTATION OF 
THE AORTA AND VENTRICULAR SEPTAL DEFECT 

f MD; Constance J. Hayes, MD; Sylvia P. 
Griffiths, MD, FACC; Allan J. Hordof, MD; Richard N. Edie, 
MD; Frederick O. Bowman, Jr., MD; James R. Malm, MD; 
Welton M. Gersony, MD, FACC, Columbia-Presbyterian 
Medical Center, New York, N.Y. 


In the management of infants with coarctation of aorta (CoA) and 
ventricular septal defect (VSD), pulmonary artery banding (PAB) 
may be carried out at CoA repair, or primary repair of the VSD 
may be performed later without PAB initially. Twenty-four infants 
with CoA and VSD were operated on at CPMC from 1972 to 1979. 
All presented between one week and 5 months of age (mean =4 
weeks), Cardiac cafheterizations revealed CoA with large VSD 
“and severe pulmonary hypertension. Seven had PAB at CoA repair 
One died at initial operation. Five had had debanding with 2 
deaths. One required debanding with VSD closure within 3 months. 
Seventeen infants had no PAB at CoA repair. One died at initial 
operation. Three required VSD closure within 3 months with 1 
operative death, Four have had elective VSD closure prior to 2 
years of age with I death. Three hove closed the VSDs sponta~ 
neously. Six have shown decreased pulmonary artery pressure and 
have improved clinically. We conclude thet the infant with VSD 
and CoA can be successfully managed without PAB. A significant 
number of these patients will not require a second operation. 


TRUNCUS ARTERIOSUS WITH PULMONARY VASCULAR OBSTRUCTIVE 
DISEASE ~ MEDICAL VS SURGICAL MANAGEMENT 

Valentin Fuster, MB, FACC, Douglas D. Mair, MD, FACC, 
Donald G. Ritter, MD, FACC, Dwight C. McGoon, MD, FACC, 
Mayo Clinic, Rochester, MN. 





Between 1960 and 1978, 175 patients (pts) with truncus 
atteriosus (without pulmonary artery stenosis or agenesis) 
were catheterized. Eighty~one (462) pts, 41 female and 
40 male, had a total pulmonary resistance (TPR) higher 
than 7 Unt. Of these pts 35 had surgical treatment (ST) 
and 46 had medical treatment (MT). All pts were followed 
between 1 and 19 years (yrs) (mean 9 yrs} and 43 had 
followup catheterization study at a mean of 5 yrs after 
initial catheterization. 


Of 25 pts with TPR 7-9 Um? (mean age 4.9 yrs), the 3 MT 
have died or clinically deteriorated (TPR has progressed 
in l restudied pt). In contrast, 10 out of the 22 ST pts 
have clinically improved (TPR has not progressed in the 
6 restudied pts); but the remaining 12 pts died early 
postoperatively. Of 26 pts with TPR 10-13 Um {mean age 
6.9 yrs), the 13 MT pts have died or are clinically dete- 
‘giorated (TPR has progressed in the 11 restudied pts). 

In contrast, 6 out of the 13 ST pts have clinically 
improved (TPR has not progressed in the 5 restudied pts), 

6 died at operation and l died late postoperatively. The 
30 pts with TPR @ 14 Um? (mean age 10.4 yrs) all had MT 
and they have died or are clinically deteriorated (TPR 
has progressed in the 20 restudied pts). 


In conclusion, the operative risk in truncus pts with 
TPR > 7 Um“ is high. However, pts with elevated TPR who 
do survive operation have a better prognosis than do those 


medically managed. 


COR TRIATRIATUM (SUBDIVIDED LEFT -ATRIUM) 
ANATOMY, HEMODYNAMICS, SURGERY, AND LATE FOLLOWUP OF 
TWENTY-ONE PATIENTS 


James V. Richardson, MD; Donald B. Doty, MD, PACD; 
Ralph D. Siewers, MD, FACC; James R. Zuberbuhler, MD, 
FACC; The University of Iowa, Towa City, fa. 


Cor triatriatum sinister (CT)-is a rare, congenital 
anomaly consisting of a subdivided left atrium, the 
result of abnormal partitioning of the left atrium by a 
fibromuscular membrane. Hemodynamically this lesion 
usually mimics total anomalous pulmonary venous 
connection, due to left to right shunting at the atrial 
level or mitral valve stenosis. due to pulmonary venous 
inflow obstruction. During the period 1955-1978, 21 
patients (pts) (age 1 day - 156 months) with CT were 
treated in a combined series at The University of Icwa 
Hospitals and Pittsburgh Children's Hospital. Twenty 
(95%) pts had classical CT with normal pulmonary venous 
connections. In 17 (31%), the fossa ovalis (FO) was 
located above the obstructing membrane, in 3 (14%) 

the PO was below the membrane and in one pt the atrial 
septum was absent. ‘Surgical sorrection was performed in 
13 pts (62%) of whom eight (62%) survived. Long-term 
results from l month to 7 1-2 years (m 41 months) were 
excellent in seven (33%) survivors. Surgical correction 
consists of excision of the obstructing membrane. In 
infants and small children, correction through the right 
atrial-transseptal approach is advised, while the left 
atrial approach is preferable in older children. 


THE PULMONARY VASCULATURE IN PULMONARY VALVAR STENOSIS 
Nadiv Shapira, MD, Kathleen Heidelberger, MD, Douglas M. 
Behrendt, MD, FACS, Amnon Resenthal, MD, FACC, University 
of Michigan, Ann Arbor, Michigan 48109 


The pulmonary vascular morphology in surviving patients 
{pts) with simple valvar pulmonary stenosis {PS) has not 
beenpreviously described. 

We studied lung biopsies obtained at surgery from 9 pts 
with PS. Detailed histolegic quantitative morphometric 
changes in intraacinar pulmonary. vasculature were studied 
using 4 structural features: (1) % wall thickness (ZWT), 
(2) muscularity of vessel walls (muse), (3) Alveolar- 
arterial ratio (A/a) and (4) vessel size, 

Pts ages ranged from 34 mos, to 34 yrs. Right ventri- 
cular pressures ranged from 66 to 150 mmHg (mean 108). 
Pulmonary vascular changes on each pt were compared to 
biopsy (n=7) or necropsy (n=9) findings on age matched 
controls, Controls had biopsy at operation for trivial 
heart lesions or died from noncardiac or nonpulmonary 
disease. 

The ZWT and vessel size in pts with PS were comparable 
to the matched controls, Seven of nine pre had a 10~57% 
decrease in the number of intraacinar arteriolar vessels 
when compared to biopsy or to autopsy controls (P<,01)}. 
Only the youngest 4 pts in the group had abnormal exten- 
sion of muscle towards the small peripheral arteries. In- 
timal proliferation was present in 2/9 pts. Itwas diffuse 
in the oldest pt. 

Four pts had a more protracted postoperative course than 
might be expected after simple pulmonary valvotomy. Each 
of these had abnormalities on biopsy. 

We conclude that patients with PS may have a decreased 
number and/or abnormal muscularity of. small pulmonary 
arteries. We speculate that these abnormalities may in- 
fluence pts' recovery from operation. 
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WEDNESDAY, MARCH 12, 1980 

AM 

CLINICAL PHARMACOLOGY: ANTIARRHYTHMIC AGENTS 
8:30-12:00 


PARADOXICAL ACCELERATION OF VENTRICULAR TACHYCARDIA BY 
GROUP II ANTIDYSRHYTHMICS 

Geoffrey 0. Hartzler, MD; David R. Holmes, MD; Michael J. 
Osborn, MD, Mayo Clinic, Rochester, MN 





Lidocaine is the most commonly used antidysrhythmic drug 
for the treatment and prophylaxis of ventricular tachy- 
cardia (VT). Although lidocaine and other group II anti- 
dysrhythmics reduce automaticity of Purkinje fibers, other 
electrophysiologic properties (increased conduction ve- 
locity and decreased effective refractory period) theo- 
retically could lead to acceleration of reentrant ventri- 
cular tachycardias. Acceleration of previously stable, 
sustained ventricular tachycardia occurred immediately 
following administration of phenytoin in 1 pt, Lidocaine 
in 2 pts, and mexiletine in 3 pts. All were men, ages 
34-77 years, undergoing invasive study and electrophysi- 
ologic~pharmacologic (E-P) testing of recurrent VT. 
Diagnoses included coronary artery disease with prior 
myocardial infarction-4 pts (LV aneurysm-1 pt), conges- 
tive cardiomyopathy~1l pt, hypertrophic cardiomyopathy-1 
o-pts During extensive programmed ventricular stimulation 
“) (PVS) and initial E-P testing, multiple stable, sustained 
“NT episodes (mean 45, range 20-150 episodes) were induced 
Immediately following infusion of pheny- 
teia-and lidocaine or oral mexiletine (mean dose 1,000 
mg), PVS- induced sustained VIs which were accelerated by 
30-50 beats per minute in 2 pts and by 100-150 beats per 
minute in 4 pts. “DC cardioversion was required in å pts. 
Fo lowing discontinuation of group II antidysrhythmics, 
accelerated VT did not reoccur despite extensive coatin- 
ued PYS and E-P testing (mean 40, range 20-100 induced VT 
episodes). We conclude that 1) group II antidysrhythmics 
may unpredictably accelerate VT, 2) E-P testing may iden- 
tify acutely susceptible pts, and 3) the chronic risk of 
continued group II drug therapy in these patients has 
not. been established. 





PREDICTION OF EFFECTS OF ORAL APRINDINE UTILIZING 

INTRAVENOUS APRINDINE 

Edwin Palileo, MD; Thomas Smith, MD; Boris Strasberg, MD; 
Christopher R.C. Wyndham, MD, FACC; Wilfred Lam, MD; 
Ramesh C., Dhingra, MD, FACC; Kenneth M. Rosen, MD, FACC, 

University of Illinois, Chicago, Illinois. 


Aprindine (AP) is an antiarrhythmic drug which may be uti- 
~Ijzed either intravenously (IV) or orally. Because of long 
half life (13-50 hrs) and slow onset of action orally, a 
i-2 week trial is necessary for assessment of efficacy of 
oral AP, In this study, we tested the hypothesis that re- 
Sponse to IV AP would predict the subsequent response to 

Oral. AP. The study group consisted of 15 pts (13M, 2F), 

‘ages 20-60 (mean + SD, 56 + 12 yrs), with organic heart 
diséase and recurrent drug} resistant (3 or more drugs) 
paroxysmal ventricular tachycardia (PVT). PVT was in- 
cessant in- six pts and sporadic in nine (4-15, 7 + 3 sus- 
tained PVT's/yr), necessitating two or more cardiGver- 
sions in all pts. PVT rates ranged from 125-210, 166 + 21 
beats/min. IV AP was administered in a dose of 5 mg/min 
{to a total dose of 200 img} during PVT. In eight pts 
(53%), PVT converted to sinus rhythm after 25-200, 132 $ 
55 mg IV AP. Total cure of PV? was achieved in these eight 
pts with oral AP (100-175, 140 + 20 mg/day) (follow-up of 
1-33, 15 + 9 mos). In the remaining seven pts (47%), IV 
AP producéd slowing of PVT from a mean rate of 167 + 18 to 
131 + 16 beats/min, without conversion to sinus rhythm 
(range of slowing of 20-70, 36 + 22 beats/min). Short term 
cure of PVT with oral AP (100 mg/day) was achieved in two 
of these pts (follow-up of 4 and 2 mos). The remaining 
five pts have had PVT occurring two to six weeks after 
starting oral AP {150 + 50 mg/day}. In conclusion, conver 
sion. of PVT to sinus rhythm with Iv AP is highly predic- 
tive. of cure with oral AP. In contrast, slowing of PVT 
without conversion to sinus rhythm with IV AP, predicts 

s probable failure of oral AP for prevention of PYT. Test- 

sing IV AP during PVT is thus relevant to choosing pts for 

‘trial of oral AP. 


ABSTRACTS 


EFFECT OF LIDOCAINE ON THE RATE OF ATRIOVENTRICULAR 
JUNCTIONAL ESCAPE PACEMAKERS 

Chien-Suu Kuo, MD, FACC, and C. Pratap Reddy, MD, FACC, 
University of Kentucky Medical Center and Veterans 
Administration Hospital, Lexington, Kentucky. 





We have previously reported that Lidocaine (1) may cause 
exit block (EB) of ventricular (V) escape pacemaker (EP) 
in patients (pt) with complete (C) atrioventricular (AV) 
block (B) distal to the His bundle (HB). In this study, 
we tested the effect of L administered intravenously (1.5 
mg/Kg/2 min followed by a constant infusion of 3 mg/min 
for 10 min) on AV junctional EP in 9 pt (age 14 - 83 yr) 
with CAVB proximal to HB fellowing insertion of temporary 
pacemaker. CAVB was congenital in 1, chronic acquired in 
5 and due to acute inferior myocardial infarction (IMI) 
in 3 pt. EP rate was 44 + 12 beats/min (bpm) (range 28 - 
56). ORS duration of EP was < 0.10 sec in 8 and 0.13 see 
in 1 pt (congenital AVB). HB electrogram obtained in 8 

pt showed block proximal to HB in all with an HV interval 
of 43 + 9 msec (range 30 - 55). Blood L levels ranged from 
2.1 - 10.8 pg/ml (mean 5.9 + 4). Of 6 pt without IMI, L 
did not change EP rate in 4 and gradually decreased EP 
rate by 3 - 7 bpm in 3, presumably by decreasing automa- 
ticity. Of 3 pt with IMI, L did not change EP rate in 1 
and abruptly slowed EP rate by more than half in 2, pre- 
sumably due to EB or depressed conduction. These results 
are consistent with selective depression of conduction in 
ischemic myocardium by L in concentrations which caused 
either slight or no effect on automaticity and/or con- 
duction in non-ischemic myocardium. This may be the first 
clinical evidence that L exerts greater effect on ischemic 
than on normal myocardium. 


ABOLITION OF VENTRICULAR ARRHYTHMIAS DURING CHRONIC ORAL 
THERAPY WITH ENCAINIDE IN MAN. Dan M. Roden, MD; Stots B. 
Reele, MD; John A. Oates, MD; Payton L. Woosley, MD, PhD; 
Vanderbilt University, Nashville, TN. 


The pharmacokinetics and pharmacodynamics of the new anti- 
arrhythmic agent encainide (E) were evaluated in 11 pa- 
tients (pts) with high frequency chronic ventricular ar- 
rhythmias: (VA). E therapy was started at low dosages and 
was increased every 48 hours to the point of efficacy or 
side effects. A previously-validated computer method ana- 
lyzed 12-24 hours of ambulatory ECG data at each steady 
state level. Increasing dosages produced increasing anti- 
arrhythmic effect and ultimately. >99% VA suppression in 
10/11 pts; this response was then confirmed in a single- 
blind comparison of placebo to E each given for 3 days in 
random sequence. Dosages (50-300 mg/day} and minimal 
plasma. concentrations (1.3-56 ng/ml) required to maintain 
VA abolition were highly variable. Elimination was rapid 
(=2.740.2 hrs, XtSE) in the 10 pts responding to E. ‘The 
single pt whose VA did not respond had plasma concentra- 
tions >ll-fold higher than the other 10 and a T-7.6 hrs; 
this suggests that a metabolite may contribute to E's ac- 
tivity. Effective therapy was accompanied by marked PR 
and QRS lengthening (X=+46%), but no evidence could be ad- 
duced from prolonged ambulatory monitoring, exercise test- 
ing or radionuclide ventriculography that these changes 
were deleterious. Despite rapid elimination, the margin 
between effective and excessive plasma concentrations was 
wide enough to allow outpatient therapy on a 6~12 hourly 
basis (median=8) without recurrent VA at the dosing inter-~ 
val in all 10 pts responding to E. Transient side effects 
(primarily blurred vision) requiring minor dosage adjust~ 
ments have occurred in 6/10. Treatment continues in all 
10 with maintenance of VA control at 2-8 months (K=4}. E 
is a highly effective antiarrhythmic agent suitable for 
chronic therapy and requires further clinical study. 
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“LONG TERM THERAPY WITH: TOCAINIDE 
Philip J. Podrid, MD; Bernard Lown, MD, FACC, Harvard 


< Sehcol of Public Health, Boston, Massachusetts. 


Tocainide (TOC), oral methyl lidocaine, was evaluated 
in 61 patients (PTS) with recurrent ventricular f 
tachycardia (VT) that was refractory to conventional 
agents. Maximal tolerated dosage was utilized in all 
patients. Drug efficacy as evaluated by both exercise 
> testing and repeated ambulatory monitoring was defined 
-as total abolition of VT and couplets and a greater 
than 60% reduction in total number of ventricular 
premature beats. TOC was effective in 29 PTS (47.7%). 
“The average daily dose was 1800 mg and average peak 
< blood level was 8.6 ug/ml (3.8-15.1 ug/ml). Dosage 
and’ peak blood level were similar in the nonresponders. 
: Seven PTS had side effects (neurologic or gastro- 
intestinal) and were not continued on TOC. Twenty- 
¿two PTS were. placed on Jong term therapy with TOC. 
Four PTS. discontinued the drug after 1-3 months 
because of side effects. Two. PTS had recurrent VT 
after. 1 month and one PT died suddenly after 4 years 
of treatment. The remaining 15°PTS continued TOC and 
have been treated for an”average of 13 months (2-27 
mos). Follow-up has been monthly. Blood levels have 
been stable in all and no adverse reactions have 
occurred. Repeat ambulatory monitoring and exercise 
testirig has been performed every 3-6 months. Arrhythmia 
remains controlled in ali PTS.- We conclude that TOC 
js useful for long term therapy in selected PTS with 
VT. 


BS MODIFICATION OF VENTRICULAR TACHYCARDIA BY PROCAINAMIDE 





Toby R.- Engel, MD, FACC; Jerry C. Luck, MD; Steven G. 


Meister] MD, FACC; William S. Frankl, MD, FACC, The 
“Medical College of Pennsylvania, Philadelphia, Penna. 


Fifteen consecutive patients had sustained ventricular 


EFFECT OF PROCAINAMIDE-ON EXCITABILITY IN MAN 

Allan M. Greenspan, MD; Joseph S. Camardo, MD; Sc 
Spielman, MD; Leonard N., Horowitz, MD FACC; Jobn 
Kastor, MD,FACC; Mark E. Josephson, MD,FACC, Hosp 
the University of Pennsylvania, Philadelphia, Pa. 


Threshold (Th) and refractoriness (RP) are impor 
measurements Of excitability. Since BP is curren 
strength (I) dependent, evaluation of RP requires 
ation of the relation between RP and I. Procaina 
{PA) has been shown to prolong ventricular {V} RP 
at twice late Th., but its effect on Th, itself a 
multiple I have not been investigated. We theref 
evaluated the relationship between VRP and I befo 
after PA infusions in 18 patients undergoing clin 
electrophysiologic studies for various indication 
lowing standard VRP determinations during right v 
lar pacing (cycle length 600 msec) at Th I was 

creased by 0.25 to 0.5 mA increments up g 10 mA, 
redetermined at each I. The procedure was repeat 
IV PA infusions of 500 to 1000 mg. PA- increased 

.78+.34 mA to .90+.5 mA (p NS} at the serum level 
achieved (8.1+1.2 ug/ml). PA did not alter the k 
figuration of the excitability curve which was ch 
ized by a progressive decrease in VRP with increa 
showing a gradual slope at longer coupling interv 
(CI), and a steeper slope at shorter CI as it apr 
absolute refractoriness (RP~A). However, PA shif 
excitability curve upward and to the right such t 
at Th,, the mid portion of the curve (twice Th,) 

stsep portion of the curve (3 times Th,} all o¢cy 
longer CI. We conclude that PA suppresses excite 
in the intact human ventricle by increasing the I 
sary to elicit a propagated response at each poir 
diastole up te the RP-A and by shifting RP-A late 
astole, rather than by significantly altering Th. 


CONTROL OF VENTRICULAR RATE IN PAROXYSMAL SUPRAVE 
LAR TACHYCARDIA AND ATRIAL FLUTTER-FIBRILLATION W 
TRAVENOUS VERAPAMIL: A DOUBLE BLIND RANDOMIZED -€ 
OVER STUDY 

Harvey L. Waxman, MD; Robert J. Myerburg, MD, FAC 
Appel, RN; Ruey J. Sung, MD, FACC, University of 
School of Medicine, Miami, Florida. 





tachycardia (VT) or fibrillation (VF) remote from myocar- 

dial infarction. VT was induced by right ventricular ex- 
trastimulation. before and after procainamide (PA). Twelve 
patients, six of whom wére survivors of sudden death, were 
evaluated prior to a comprehensive clinical trial of drugs 
because they had tachycardias that required resuscitation. 
In the. basal state, induced VT was rapid (average 211 
beats/mint30 SD) and required external -countershock in 10 
of 15 patients because of poorly tolerated VT or VT de- 
generating to VF. Traditional doses of PA infusion _ 
(plasma concentrations >4mcg/m1} consistently slowed VT, 

<--but failed to prevent the induction of sustained VT in 13 

of the 15 patients. In fact, VT induction was facilitated 

in 10 patients after PA. The two patients who responded 

- oto traditional doses of PA had- the slowest VT rates (188 

- sand 158 beats/min) and their VT cycle length increased 

84% and 50% respectively. In contrast, the increase in VT 


Although several studies have examined the effect 
Verapamil (V) for treatment of paroxysmal suprave 
lar tachycardia (PSVT) and atrial flutter-fibril] 
(AFF), no randomized double blind: (RDB) investige 
has been reported. To evaluate the effectiveness 
we studied two groups of patients{pts) (Gr A and 
Gr A consisted of 30 pts with PSVT and Gr B of X 
with AFF and a ventricular rate of greater than 1 
beats/min. All pts were given an initial dose of 
mg/Eg of V (Vyp) and placebe in a RDB cross-over 
Response was defined as conversion to sinus rhytt 
for Gr A, and slowing of the ventricular rate to 
than 100 beats/min for Gr B. If there was no res 
to either, an additional higher dose of 0.15 mg/t 
(Vyp) was given 30 min later. In Gr A: 14/30 pt: 





cycle Jength of non-responders was only 23%215 SD after 
dom of PA. Eight of 13 non-responders at traditional 
doses of PA were retested at higher doses. Peak plasma 
‘concentrations. ranged from 11.3 to 42.1 mcg/m] (average 
20.229.7.$D).. Higher dose PA prevented induction of sus- 


tained VT in only one additional patient. There were no 
clinical features other than VT rate that predicted a suc- 


cessful response to PA. . In conclusion, traditional and 


higher doses of PA failed to prevent induction of sustain- 


ed VT in a subset of patients with coronary heart disease 
truly at risk for sudden death. Responders were charac- 
terized by slower VI rates (<210 beats/min) and marked 
slowing after PA infusion. 


converted to SR aftér Vyp and 1/30 (3%) convertec 
after placebo. Of the 15 pts who failed to resp 
Vip or placebo, 6 (40%) responded to Vgp. In Gr 
pts (50%) responded to Vip. Six of the 10 pts (í 
failed to respond to Vyp responded to Vyp. In 1 
with atrial flutter and Wolff-Parkinson-White (WI 
drome, administration of Vyp resulted in an incre 
heart rate from-150 to 300 beats/min due to a ch: 
atrioventricular conduction from 2:1 te Irl. We 
clude that: (1) Vis significantly superior to pi 
for conversion of PSVI and for slowing of the ver 
rate in AFF (both P values < 0.01}; and (2) V may 
contraindicated in pts with WPW syndrome associat 
a prepensity to AFF. 
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“We thought seecting 

the best central station would be difficulf, 
but this system is clear! 

In a class by itself? 





Hewlett-Packard’ new 500 Series 
Patient Information Center 

is a substantial advance 

in patient monitoring. 


All quotations in this brochure are a summation 
of comments made by medical, engineering, 
and administrative professionals during exten- 
sive clinical tests, trials and seminars on the 
500 Series. 








While the 500 Series incorpo- 
rates virtually every monitoring 
function required of a modern 
microprocessor based central 
station, it also provides impor- 
tant innovations in four specific 
areas: 


[O It has noticeably reduced false 
HR alarms. 

C It has simplified system 
operation to 10 function keys. 

C It has improved the detail, 
display, recall and accuracy of 
monitoring information. 

O It has increased system relia- 
bility through a comprehensive 
four-level system of self-test 
and self-diagnosis. 


pus 97 T k i . = 
LAAs 


In addition, the 500 Series is so 
compact that it requires less 
than half the working space 
needed by most other central 
stations. It is modular in design 
so that it can be economically 
expanded and upgraded. And its 
inherent flexibility provides a 
broad range of price and per- 
formance features as well as 
functional capabilities. In short, 
the 500 Series is a total Patient 
Information Center which can 
serve your unit or institution for 
years to come. 











“Now when | hear 
that alarm | know 
3, 
it's serious. 
In an actual hospital test, the 
500 Series showed more than an 
85% reduction in false HR 
alarms. By using sophisticated 
computer techniques to identify 
“R” waves, the 500 Series sel- 
dom miscounts the mugen 


fact and extraneous no lat 
account for most false alarms. 


“10 major 
function keys 
make it far easier 
to 99 
use, 
While most central station sys- 
| tems carry as many as 50 or 60 
major function keys, the 500 
| Series requires only 10, since 
| each “softkey” is a multiple 
| function key. This meang more 
| compact control panel wigo less 
| clutter and less confusion nd 
the operation of the 500 S€ries 
is simplicity itself—it actually 
guides the staff through the use 
of English-like cues. 


“For the first time, 
I've got a sharp, 

bright QRS 

right next to my 
patient's vital signs. 


[4] 78510A DISPLAY 


STANDARD 


FREEZE 

HEWLETT + PACKARD resolution 1200 line rastejjscan 
and a 10-bit sample, the n 
“superaster” display in the 500 
Series delivers bright QRS 
detail on ECG waves. In addi- 
tion, words and numbers can 
both be displayed anywhere on 
the screen. 


Using such techniques efen 





Reliable 


The 500 Series is designed and 
built to provide the highest level 
of on-line consistency. Advanced 
circuit design, thoroughly 
tested parts and components, 
and a rigorous 14-step environ- 


mental and quality control testing 


procedure give the 500 Series 
an inherent reliability. 


Dependable 


Should a malfunction in the 500 
Series occur, four distinct levels 
of self-test and self-diagnosis 
are available to quickly and eas- 
ily detect and correct it. 

Level 1 is an automatic con- 
tinuous fault monitor, invisible 
to the operator unless a malfunc- 
tion occurs. 

Level 2 is a self-test that gen- 
erates an internal system check 
as well as a list of diagnostic 
codes to aid in the correction. It 
provides a recorder strip, con- 
veniently annotated with error 
codes so the operator has a hard 
copy of virtually any fault. 


Level 3 is an extended self- 
test that does everything in 
Level 2 with the addition of a 
display check. 

Level 4 fault detection 
employs a circuit analyzer board 
which takes command of the 
microprocessors and data buses 
facilitating component level 
trouble shooting using digital 
Signature analysis. 





Self-test with the 500 Series 
Patient Information Center 

is not an idle claim. It was 
designed and built-in at the 
inception, and it is a major 
advancement in system service- 
ability, convenience and cost 
effectiveness. 





Adaptable 


The modularity of the 500 Series 
Patient Information Center 
permits a variety of system con- 
figurations as well as options 
and functions. This “building 
block” approach to patient moni- 
toring allows you to custom 
configure a system to best meet 
your individual needs. 


A Choice of Systems. The 500 
Series Patient Information Cen- 
ter is available in a Basic and a 
Comprehensive system. The 
78501 Basic system is primarily 
‘ntended for progressive care 
and telemetry units and provides 
8 ECG traces on a single scope. 
The 78502 Comprehensive 
system is primarily 
intended for 
intensive care 


and surgical units. It provides 

4 six-second ECG traces. It also 
provides display of all monitored 
vital signs, other monitored 
waveforms, or freeze of ECG 
data. Optionally, 48 trend lines 
and eight channels of pressure 
processing may be added to 
each four-bed unit. 

The 78520 is an arrhythmia 
monitoring system with a sepa- 
rate computer and arrhythmia 
data display. It can be added to 
either the Basic or Comprehen- 
sive system. The 78525 adds 
storage, recall and edit plus data 
management functions to either 
system. 


Recorder Capabilities. 
Hewlett-Packard recorders may 
be dedicated to four patients or 
shared by as 
many as 32. In 

either case, 

simultaneous 
alarms from sev- 
_ eral patients 
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will automatically be captured, 
and stacked in an electronic 
memory. Annotation of bed ID, 
time, date, alarm cause and heart 
rate from the time of alarm 
accompany the waveform on the 
strips. 


Bedside Options. Available 
HP bedsides include “teleme- 
try,” “ECG only,” “ECG and 
pressure,” or “multi-parameter.” 
Each system accommodates any 
combination of bedsides. 


Custom Options. Both sys- 
tems also offer custom configu- 
ration. Such parameters as 
recorder run and delay times, 
and bed identification may be 
defined for each installation. 


Mounting Options. Displays 
may stand alone or be stacked, 
or be mounted on racks, swivels, 
tabletops, walls, or ceilings. 


The Hewlett-Packard approach 


to critical care. 


The 500 Series Patient Informa- 
tion Center is a tangible end 
product of the Hewlett-Packard 
approach to patient monitoring. 
An approach that is committed 
to the innovative use of new 
technology and the on-going 
design, development, manufac- 
ture and support of reliable, de- 
pendable critical care products. 
Careful attention to compati- 
bility between the 500 Series 
and older as well as new bedside 
products is another example of 
the HP approach. Compatibility 
adds longer life and utility to an 
institution’s investment. 


In addition, Hewlett-Packard 
returns more than 8% of every 
medical sales dollar to research 
and development. Hewlett- 
Packard’s engineers also main- 
tain perhaps the industry’s 
toughest quality control stand- 
ards — standards that include 14 
separate environmental tests. 
As part of its support services, 
Hewlett-Packard is committed 
to timely installation, user and 
bioengineer training, as well as 
preventative maintenance and 
repair. 

In every aspect of patient 
monitoring, Hewlett-Packard is 
dedicated to responsible techno- 
logical advances and clinically 
tested procedures. You can 
depend on it. 


Learn more about the innovative, new 500 Series 
Patient Information Center. 





For all the facts on the Eastern (201) 265-5000; Or write: 
500 Series contact your nearest Midwestern (312) 255-9800; Hewlett-Packard, 
Hewlett-Packard Medical Southern (404) 955-1500; 175 Wyman Street. Waltham, 
Sales Office. Western (213) 970-7500; Massachusetts 0° 
Canadian (416) 678-9430. In Europe: P.O 
Ask the operator for CH-1217 Meyr ava, 
medical sales. Switzerland. 


HEWLETT 
PACKARD 
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- DIFFERENTIAL EFFECT OF VERAPAMIL IN OVERT AND CONCEALED 
WPW SYNDROME: NEW EVIDENCE FROM INTRACARDIAC RECORDINGS 
Mare Platt, MD, Tom Peter, MD, William Mandel, MD 

Cedars-Sinai 7 Medical Center, Los Angeles, California 


~The effects of Verapamil (V), a slow channel blocker, on 
< “accessory pathway (AP). tissue is unclear; a bypass tract 
De (BT) funetioning solely in the retrograde (RET) direc- 








similar to an AP-with anterograde (ANT) and RET con- 

ion {WPWo). V, 0.15 mg/kg.IV was given to 20 pts 
“supraventricular tachycardia (PSVT) (8 Type A WPW, 

ee: eft~sided WPWc) and studied with programmed intra- 

cardiac “stimulation. Ventriculo-atrial (VA) BT conduc- 
¿tion was proven by earliest atrial activation at the 
Septal RA or the coronary sinus during PSVT or RV pacing. 

< 14/16 pts converted with prolonged atrial echo to His 
time {Ae-H; mean pre 255 msec = post 360 msec) - and AV 
block; RET H-Ae time did not change {mean 230 msec). In 
8/8.with WPW: 1) ANT AP effective refractory period 
(ERP) decreased or did not change (NS p <0.5); 2) RET AP 
ERP decreased or did not change (NS p <0.5). In WPWe, 
mean RET APERP increased (p.<0.05) post V. 












PRE V POST V 












NPW WPWe NPN WPWe 
ANT. APERP (msec) | 338410 © - 326411 - 


| RET- APERP (nsec) 
WeanzStM) 


Thus, the response of the BT in WPW and WPWc is quali- 
ratively different and suggests electrophysiologically 


256t 8- 273411 | 2504 6 29549 





the different clinical course and response to therapy 
i those two types -of WPW, 






EFFECTS OF ORAL DIGOXIN ON VENTRICULAR ECTOPY AND ITS 
RELATION TO LEFT VENTRICULAR: FUNCTION. 
Alan H. Gradman, MD, FACC} Harvey Berger, MD; Moira 





Cunningham, PA; Mary Harbison, BA; Barry Zaret, MD, FACC, 


- West Haven VAH and Yale University School of Medicine, 
New Haven, Connecticut. 


The effect of oral digoxin on ventricular ectopy was 
assessed in 13 cardiac patients with frequent (7 60/hr) 
-Nentricular premature beats (VPB). Continuous 24 hr 
electrocardiograms were obtained during 2 control days 
“and one day each during maintenance dosing with digexin 
0.25 mg and digoxin 0.375 mg daily; electrocardiograms 
were analyzed using. the YALECG computer system which 
quantifies VPE's and detects complex VPB patterns. No 


significant change in- VPB frequency occurred between con- 


trol (219439 VPB/hr) and the digoxin 0.25 mg dosing 
period (177+42 VPB/hr). However, at the higher digoxin 
dose of 0.375 mg, VPB frequency decreased to 106+28 


VPB/hr, a mean reduction of 52% (p<.05). During the con- 
trol period, multiformity was observed in 12/13 patients, 


bigeminy in 13/13, coupling in 12/13 and ventricular 
tachycardia in 4/13. The incidence of complex VPB pat- 
terns did not change after digoxin. 

Radionuclide left ventricular ejection fraction 
ranged from 37 - 74% (mean 54+3% during the control 
period, Left ventricular function was normal (ejection 
fraction > 50%) in 8/13 and abnormal in 5 patients. On 

o digoxin 0.375 mg, patients with normal ejection fraction 

-had a mean reduction in VPB/hr of 65% (p<.05), while in 

patients with abnormal ejection fraction only a 12% re- 

duction occurred (pNS). Thus, digoxin 0.375 mg daily is 
sderately effective in reducing VPB frequency but in- 

effective in suppressing complex VPB patterns. This 

effect is present predominantly in patients with normal 
deft ventricular function. 
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ion (concealed WPW-[WPWc]) may be electrophysiologically 


different tissue. These observations may in part explain 
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QUINIDINE DECREASES BOTH RENAL AND METABOLIC 
CLEARANCE OF DIGOXIN. : 
Piet Hooymans, PharmD; Nicholas Holford, MRCP; Barry - 
Massie, MD, FACC; Michael Witt, Pharm D; Ben Pluym; MD: 
Frans Merkus, PhD. University of Amsterdam, The Netherlands, 
and University of California and VA Hospital, San Francisco, 
CA. 


Recently it has been shown that quinidine (Q) increases 
plasma digoxin concentration ([D] mg/ml) by decreasing D 
volume of distribution and renal D clearance (C-R L/Hr) in 
normal subjects. We have examined the changes C-R, as well as . 
the non-renal clearance (C-NR), of D.in cardiac patients (PTS) 
given Q. Five PTS were studied before. and 21 hours after 
starting Q. [D]inereased from 1.04.5 (SD) to 1.4¢.5 and C-R 
fell from 3.9.4 1.7 to 2.3.+.0.. Twelve PTS were studied. during 
steady state D therapy, on and off Q. In these, total D 
clearance (C~T) was estimated from daily D dose, [D] and an 
assumed D bio-availability of 65%. C-NR was calculated-as C-T 
minus C-R. Simultaneously measured creatinine clearance was 
unchanged. 


[p] C-R C-NR 
off Q 1.04.5 5.7224 Blt hg 
ong 174. 3.71.9 62.8 
Change (*p<.05)  #70%*  435%* +71%* 


These findings suggest that although the acute rise in [D] 
after Q- probably results from a change in volume of 
distribution, the decrease in C-R is-also rapid. The sustained 
rise in [D] during chronie D and Q therapy can be explained by 
the decrease in digoxin clearance. Of note is that C-R and C-NR 
decreased by similar amounts, suggesting that Q decreases D 
metabolism. as well as: renal excretion in PTS. Therefore, 
changes in both metabolic and renal clearance should be 
considered in predicting D dose requirements following the 
addition. of Q. 


DIGOXIN-QUINIDINE INTERACTION: INCREASED DIGOXIN BRAIN 
CONCENTRATION é i 

James E. Doherty, MD, FACC; David-Straub, MD, Joe Bissett 
MD, FACC and Marvin Murphy, MD, FACC, VAMC-UAMC Little 
Rock, AR 


The mechanism of increased digoxin serum levels and 
toxicity with concomitant quinidine administration is 
poorly understood. We studied tritiated digoxin (D) in 
tissues of -dogs given digoxin alone (DA), and 5 given 
D and quinidine (DQ) for 48 hours after see state 
was achieved, Serum D levels increased from 1.6 ng/ml 
to 2.35 ng/ml in dogs given.digoxin-quinidine and some 
animals vomited and some developed .cardidc irregulari- 
ties. ‘Animals were sacrificed and tissues and serum 
were analyzed for D. Data revealed D content of brain 
(white matter) was increased by 51%. D content of 
skeletal muscle, a major depot for D, was reduced. D 
concentration of adrenals, bladder, colon, small intes- 
tine, liver, lung, pancreas, spleen and gall bladder was 
not changed. 

Canine Tissue Digoxin (ng/gm) 

DA DQ 


Brain 9,42 19.93 p < 0.05 
Skeletal muscle 25.1 17.65 p < 0.025 
Heart 104.00 83.63 p < 0.05 


Redistribution of digoxin from major depots is the 
basis of the digoxin-quinidine interaction. Increased 
brain digoxin levels and reduced myocardial levels 
indicate toxicity may be neurally mediated in this drug 
interaction. 


s 
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“CORONARY ARTERY DISEASE: ROLE OF- VASOSPASM 
&:30- 10:00 


INCREASED LEVELS OF THROMBOXANE A; IN PERIPHERAL AND 

5 CORONARY. CIRCULATION IN PATIENTS WITH ANGINA PECTORIS 
T, Kuzuya, MD; M, Tada, MD; M. Inoue, MD; K. Kodama, MD; 

OH. Takeda, MD; M. Mishima, MD; M. Inui, MD; H. Abe, MD, 

FACC, Gsaka University Schoel of Medicine, Osaka, Japan 


Thromboxane Az (TKA2), a vasogonstrictive prostanoid, is 
known to induce spasm of isołated coronary vessels and to 
increase platelet aggregability. Todefine role of TXA2 in 
the pathogenesis of angina pectoris, plasma levels of TXB2, 
“a biologically inactive product of TXA2, were determined in 
coronary sinus (CS) and aorta (AG) as well as antecubital 
(peripheral) vein of anginal patients by radioimmunoassay 
employing. anti-TXBz antisera and PHI]TXB, after acidic li- 
pide were extracted from plasma of EDTA- and indomethacin- 
“treated blood. Of 18 patients with effort angina whose 


~ stenotic lesions (g 75 %).were angiographically documented, 


12 exhibited a marked increase in peripheral TXB: (494+ 

191 pg/ml plasma, P< 0.01), compared with normal subjects 
(251498 pg/ml, n=20). When AO and CS TXB, levels were 
determined in 11 cases with simultaneous measurements of 


8s blood flow during atrial pacing stress, 7 cases exhi- 
=> hited marked increases in CS TXB, efflux at rest (46.5+ 


119.7- ng/min z normal value = 38.6 +11.9 ng/min) with further 
inereases (LE7 +5072) during pacing-induced anginal attack. 
All of 11 patients with variant angina exhibited marked 
increases in peripheral TXBz (6374162 pg/ml, P< 0.01); 3 
cases were subjected to cardiac catheterization and showed 
increased TXB. efflux in CS during spontaneous and ergono- 
vine-induced anginal attack, which were accompanied by 

““eotonary vasespasm and fluctuation of CS blood flow. These 
results indiedte that increased TXA2 production in coronary 
cireulation may be at least partly responsible for anginal 


es attack or coronary vasospasm, possibly due to altered blood 


platelet-vascular wall interactions ;measurements of TXB2 
in patient blood are thus of possible diagnostic value. 


RESPONSIVENESS OF ATHEROSCLEROTIC RABBIT AORTA TO 
ADRENERGIC. AND CHOLINERGIC STIMULATION 

Mitsuhiro Yokoyama, M.D.; Philip D. Henry, M.D., FACC, 
: -Washington University, St. Louis, Mo. 





Both adrenergic and:cholinergic agents can induce coro- 
nary spasm in patients with Prinzmetal's angina. To de- 
termine whether altered autonomic responsiveness is re- 
lated to atherosclerosis, helical strips from aortae of 
control rabbits and rabbits fed a 2% cholesterol dict 
..were mounted in an organ bath for the recording of iso- 
metric force ander basal conditions and in response to 
selected agonists. Concentrations of norepinephrine and 
ergonovine evoking half-maximum contractions (EDs9) aver- 
aged 4 x 107 7M {n=19}) and 107*M {n=10) in normal arteries. 
In atherosclerotic arteries, corresponding values for the 
two a-agonists were significantly (P < 0.01) lower, aver- 
aging 1077M (m=11) and 2 x 1077M (m=12). Acetylcholine 
and methacholine evoked minor relaxations at low concen- 
trations {< 5.107%M), and contractions at higher concen- 
“trations in both:control and atherosclerotic arteries. 
EDs, for acetylcholine- and methacholine-induced contrac- 
tions averaged 2 x 10°°M and 10°°M in atherosclerotic ar- 
teries (n=20) and did not differ significantly from val- 
ues obtained in control arteries (n=20}. In both groups 
of arteries, muscarinic blockade with 1077M atropine a- 
bolished all responses, whereas prejunctional nicotinic 
blockade with 1077M 8-büngarotoxin or postjunctional a- 
adrenergic blockade with 10-'M prazosin had no inhibitory 
effect. In contrast, contractions produced by nicotine 
(10 5.10°*M), an agent that acts by releasing norepineph- 
rine from vascular nerves, were abolished by 1077M 8- 
bungarotoxin or 1077M prazosin in all arteries. Thus, 
compared to control arteries, atherosclerotic aortae were 
supersensitive to @-adrenergic agonists but exhibited 
normal muscarinic responses to acetylcholine. 
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INCREASED PLATELET PROSTAGLANDIN GENERATION AND ABNORMAL 
PLATELET SENSITIVITY TO PROSTACYCLIN AND THROMBOXANE A 
IN ANGINA PECTORIS $ 
Jawahar Mehta, MD, FACC; Paulette Mehta, MD, University 
of Florida and VA Medical Center, Gainesville, Fl. 


To define the role of platelet function im myocardial is- 
chemia, we studied 22 patients (pts) with angina pectoris 
(AP) and 14 normal subjects. Of 22 pts, 10 were studied 
during episode of AF (group A) and 12 several hours after 
AP (group B). Platelet prostaglandin generation (malondi~ 
aldehyde levels) (MDA) was measured as index of thrombox~ 
ane A, (TXA) synthesis. Platelet sensitivity to vasodi- 
lator=platelet aggregation inhibitor prostacyclin (PGI) 
and vasoconstrictor-platelet aggregation stimulant TXA 
analog EMA were also evaluated. MDA production was sig- 
nificantly higher in AP gts compared to controls (2.5% 
0.30 and 1.70+0.13 nM/10° platelets, respectively, P<0.02), 
AP pts required more PGI, for 50% platelet aggregation in=. 
hibition than controls (1,90+0.35 and 0.68+0,04 ng, P< 
0.001). Group A AP pts required more PGI, than group B 
pts for similar degree of aggregation inhibition (2.90+ 
0,60 and 1,304+0,12 ng P<0,005}. Furthermore, platelets 
from AP pts had greater sensitivity to pro-aggregatory ac- 
tions of EMA than from controls (EMA required for 50% pla- 
telet aggregation, 13548 and 194416 ng, P<0.001), Plate- 
let sensitivity to EMA was similarly increased in both 
group A and group B pts (131+12 and 137411 ng, P-NS), 
These data show enhanced MDA generation, decreased sensi- 
tivity of platelets te PCI., and increased sensitivity to 
EMA in AP pts, Previeus sfudies have suggested decreased 
synthesis of PGI, by atheromatous vessels, Imbalance be- 
tween PGI, and TRA preduction in favor of TXA, and altered: 
sensitivity of platelets to PGI, and TXA may be important 
mechanisms in the genesis of enhanecd platelet aggregation 
and myocardial ischemia in certain pts. 


FREQUENCY OF MYOCARDIAL INFARCTION AND SUDDEN DEATH IN 44 
VARIANT ANGINA PATIENTS: A HIGH RISK ISCHEMIC HEART 
DISEASE SUBSET : 

R. Charles Curry, Jr., MD, FACC; Carl J. Pepine, MD, FACC3 
Robert L. Feldman, MB; James L. Whittle, MD; C. Richard 
Conti, MD, FACC, University of Florida, Gainesville, FL. 


Variant angina is thought to be associated with an in- 
creased risk of myocardial infarction and death. To test 
this hypothesis we tabulated the clinical course of 44 
patients(pts) with variant angina documented by transient 
episodes of rest. pain with ST segment elevation occurring 
spontaneously(28 pts) cor following ergonovine(16 pts). The 
group consisted of 36 men and 8 women, age 51 years (mean, 
range 19-69 years), Chest pain was present for 15 months 
(mean, range 1~100 months). All pts underwent coronary 
angiography with significant (>50% diameter narrowing) 
coronary artery disease(CAD) present in 29 pts (multi~ 
vessel in 19 pts, single vessel in 10 pts). Treatment. in- 
cluded: short and long-acting nitrates(44 pts), propranto~ 
lol(37 pts), perhexiline(21 pts), and coronary artery by- 
pass graft surgery(13 pts). 

FREQUENCY OF CLINICAL EVENTS IN VARIANT ANGINA 














No. Pts. MI SUDDEN DEATH 
CAD 29 116382) 7284) 
No CAD 15 _3(20%) 20329) 
Totals _ 44 GID «9 (21%) 








MI = myocardial infarction 


Conclusion: Patients with variant angina, especially these 
with CAD, appear to be at high risk for MI and sudden 
death. These results support aneed for improved treatment. 
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MYOCARDIAL CELL DAMAGE DURING VASOSPASTIC ANGINAL ATTACKS 
ITH PROMPTLY REVERSIBLE ELECTROCARDIOGRAPHIC CHANGES. 
A.Biagini,MD; C.Carpeagiani ,MD; G.Mazzei,MD;G.C.Zucchelli; 
G.Buzzigoli; A.L'Abbate ,MD; A.Maseri,MD,FACC. CNR Labora- 
tory of Clinical Physiology and University of Pisa, Pisa, Italy. 


: -Singe recent reports indicate that coronary vasospasm may be in 
“volved in the genesis of acute myocardial infarction, we have in- 
s ` vestigated whether vasospastic anginal attacks might be associa- 
-ted with myocardial cell damage also in the absence of permanent 
ORS or ST~T changes. We obtained the serum time activity cur- 
ves of creatine kinase MB and of myoglobin (both by radioimmuno 
“assay.method) in 15 patients (pts) admitted to our CCU with docu 
mented vasospastic angina. We reasoned that the relatively large 
experimental errors in the low range of values to be expected in 
our pts eduld be overcome by detecting a consistent rise and fall 
in the time activity curve of multiple indices of cell damage (even 
within the normal range}. The pts were studied following an is- 
chemic attack lasting from 10-to 30 minutes associated with typi- 
cal transient ST-~T changes completely reversible at the end of 
the episode (12 pts had STt and 3. pts had ST}). Peripheral 
blood sampling was begun within. 3 hours from the onset of the is- 
“aehemic episode and was followed at four-hour intervals in the 
first day and at six-hour intervals in the next two days. A con- 
“sistent rise and fall (with a significant difference in the mean ac- 
tivity of the first 12 hours relative to the subsequent hours) ofall 
indices was observed in 7 pts, while the remaining 8 pts show- 
changes of only 1 index or no consistent changes. 
{np conclusion, the consistent, coherent rise ahd fall of multiple 
curves Je some pts with vasospastic. angina indicates that episo— 
T ischemia may cause cell damage even in the absence of 
“persistent ORS and ST-T changes. 











INFLUENCE. OF ERGONOVINE-INDUCED CORONARY ARTERY SPASM 

ON VULNERABILITY TO VENTRICULAR FIBRILLATION 

Basil Margolis, MB, MRCP; Richard L. Verrier, PhD, 

FACC; Bernard Lown, MD, FACC, Cardiovascular Laboratories, 
Harvard School of Public Health, Boston, Mass. 


Although coronary spasm has been extensively studied, 
its influence on ventricular electrical properties has 
-anet.: We therefore examined the effect of ergonovine- 
-induced spasm on coronary blood flow, coronary sinus 
“oxygen saturation and ventricular fibrillation threshold 
VET)... Coronary spasm was induced in anesthetized dogs 
“by efgonovine maleate (0.1 mg iv). Coronary blood flow 
was measured by an electromagnetic flow probe around 
othe left anterior descending artery, and VFI was deter- 
“mined using the single stimulus method. Catheters in 
the coronary: sinus and aorta allowed measurement of 
anteriovenous oxygen difference (A-VO, A %) across the 
eoronary bed, The subsequent effect Gf intravenous 
Nifedipine 1 ug/kg as a coronary vasodilator was also 
studied. Coronary spasm was induced with ergonovine in 
6 out of 10 dogs and the results are as follows (mean 
values + SE) where *=p<0.05 compared to control values: 

Control Ergonovine Nifedipine 
Peak ene Flow (ml/min) 4144 2943 * 4044 
AVO 47+6 5748 * 4748 
VET Fe ees 2842 2142 * 28+3 


«dn another 5 dogs nitroglycerine was also shown to 

nul ergonovine's effect on coronary blood flow and 
ventricular vulnerability. We therefore conclude that: 
4d). rgonovine-induced coronary spasm substantially 
wers the VFT, and (2) this effect is mediated through 
action on the coronary vasculature rather than 
2etly-on the myocardium. 


























ABSTRACTS _ 


WEDNESDAY, MARCH 12, 1980 
AM 


CORONARY ARTERY DISEASE: EVALUATION OF MEDICAL 
AND SURGICAL THERAPIES 
10:30-12:00 


THE EFFECT OF CROSSOVERS ON ESTIMATES OF SURVIVAL IN 
MEDICALLY TREATED PATIENTS WITH CORONARY ARTERY DISEASE 
David B. Pryor, M.D.; Phillip J. Harris, M.D.; Kerry 
L. Lee, Ph.D.; Frank E. Harrell, Jr., M.D.; Robert A. 
Rosati, M.D.; Duke University Medical Center, Durham, 
North Carolina. 


Estimating survival in medically managed patients with 
coronary artery disease is complicated by the crossing 
of some patients to aortocoronary bypass surgery. The 
purpose of this study was to evaluate the effect on 
estimating survival of medically managed patients, 

when those subsequently requiring surgery are withdrawn 
from the medical group. Of 1488 patients with signifi- 
cant coronary artery disease who were treated medically, 
151 subsequently underwent aortocoronary bypass. The 
median time of crossover from initial catheterization 
was 15.5 months (range 2-89 months). The crossover and 
noncrossover patients were compared with respect to 

13 prognostically important descriptors of symptoms, 
coronary anatomy, and ventricular function. Significant 
(p<.03) differences were found in 6 of the descriptors. 
The crossover group had a lower prevalence of severe 
congestive heart failure (0 vs. 8%), abnormal left 
ventricular contraction (45% vs. 62%), anterior left 
ventricular asynergy (23% vs. 34%), intraventricular 
conduction defects (0 vs. 4%), arteriovenous oxygen 
difference >5 vol% (22% vs. 31%) and left ventricular 
end diastolic pressure >17mmHg (7%.vs. 18%}. Therefore, 
at the time of initial catheterization, the crossover 
patients had a better prognosis. We conclude that 
survival of this medically managed group may be made 
worse, not better, by withdrawal of the crossover 
patients. 


INFLUENCE OF BYPASS SURGERY ON MORTALITY. AND MORBIDITY IN 
STABLE ANGINA: A PROSPECTIVE RANDOMIZED STUDY 

Frank Kloster, MD, FACC; Cynthia Morris,BS; Paula Kanarek, 
PhD; U of Oregon Health Sciences Center, Portland, Oregon. 





To evaluate the influence of coronary bypass surgery on 
chronic, stable angina 100 patients were randomized to 
medical (M, n=49) or surgical therapy (5, n=51). On entry 
the groups did not differ in age, sex, prior myocardial 
infarction {MI), extent of coronary disease or ejection 
fraction. All were in Functional Class III without previ- 
ous heart failure; left main disease was excluded, Pros- 
pectively defined critical events requiring termination 
from the study include death, MI and high risk unstable 
angina requiring surgery (UA~S). Unstable angina respond- 
ing to medical therapy (UA-M) and other cardiac events are 
tabulated. Current followup is from l to 94 months (mean 
49.5) with 20 in each group at risk 5 years or longer af- 
ter entry. 

Critical. events: death--5 in M, 4 in S (all cardiac); 
new MI--1l in M, 13 in 5; UVA-S~-10 in M, 4 in S$. Three 
additional M and 1 S died after termination for MI or UA-8 
{total deaths--8 in M, 5 in S). The probability of survi-~ 
val after 5 years is 87£5.1% in M vs 9024.64 in S. Using 
life table analysis there are ne significant differences 
between M and 3 in death, MI, UA-S or all events combined. 

Stratified by vessel disease the only difference in ter- 
minating events is in patients with 3-vessel disease hav- 
ing UA-~S (5 in M, 1 in S p<.05). UA-M is no different in 
the two groups (12 in M, 5 in S, p=n.s.)}. However, UAM 
and UA-S combined are more frequent in M (p<.01) and in M 
with 3-vessel disease (p<.01). The probability of develop- 
ing unstable angina within 5 years is 51% in M vs 34Z in S. 

After 4 years average followup there is no difference 
between M and $ therapy in survival, Mi, UA-S or A-M. 
However, overall UA is less frequent following bypass. sur="~) 
gery and in the S subgroup with 3-vessel disease. 
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\ THE PREDICTIVE AND PROGNOSTIC VALUE OF EXERTIONAL 

< HYPOTENS TON i i 

‘Karl E. Hammermeister, MD, FACC; Timothy A. DeRouen, PhD; 
Haroid T. Dodge, MD, FACC; Veterans Administration Medical 
Center and University of Washington, Seattle, Wash. 





We examined the data files of the angiography registry of 
Seattle Heart Watch to determine the ability of exertional 
hypotension to predict three vessel disease, left main 


ES coronary disease, severe left ventricular dysfunction with 


ejection fraction <30%, or poor prognosis, The mean fol- 
lowup in 1241 patients with coronary arteriography and 


ojaaximal treadmill testing was 5.5 years. Exertional hypo- 


tension (present in 93 patients) had poor sensitivity in 
detecting three vessel disease (15%), left main stenosis 
~ 250% (152), or ejection fraction <30 (12%), but had rela- 
= tively high specificity (95%, 93%, and 92% respectively). 
‘sing Cox's regression analysis to study 493 medically 
treated patients, exertional hypotension is univariately 
predictive of survival (p=0.006); but when examined muiti- 


: “ovatiately to adjust fer the effects of age and a history 


of congestive heart failure, is no longer significantly 
predictive of survival (p=0.075). Maximum systolic blood 
“pressure (MSBP) during exercise appears more predictive of 





ae survival in medically treated patients, retaining its sig- 


- Mificance (p=0.001L) when examined multivariately with age 
cand history of CHF. Among 653 surgically treated patients, 
“MSBP was not even univariately predictive of survival, 
suggesting that the abnormal physiology and poor prognosis 
in patients with MSBP <130 aad been altered by surgery. We 
conclude that exertional hypotension is an insensitive 
technique te identify patieats with three vessel disease, 
left main coronary disease, or severe left ventricular 
dysfunction. It adds little to prediction of prognosis 
over a history of CHF and age. MSBP is a better predictor 
of survival in medically treated patients. 








EVALUATIONS OF PRE- AND POSTOPERATIVE MYOCARDIAL PERFUSION 
BY THALLIUM 201 GRADED EXERCISE TESTING 

dames M. dones, Gary S, Niess, James L. Taylor, Santosh 
Kansat, David I. Roitman, L. Thomas Sheffield, Joseph R. 
“Logic, Nicholas Kouchoukos., Robert B. Karp. UAB Medical 
Center, Birmingham, Alabama. 


We studied the effect of coronary artery bypass grafting 
(CABG) on coronary perfusion in 62 patients (PTS) of mean 
age 53 years with coronary artery disease using exercise 
thallium scintigraphy (TS) pre- and post-operatively. 

Most PTS were exercised 1 day prior to and 3 months post 
surgery which included aneurysmectomy in 7 PTS. 3 PTS had 
perioperative MI defined by new Q waves on the EKG and CPK 
MB criteria. Immediate and 3 hour delayed (TS) was ob- 
tained. 

On the treadmill. post-op the mean treadmi]] time was 
longer (406 vs 267-sec,; p<9.001} and the mean double pro- 


duct was higher (256 vs 18C mg Hg beat/min x 102, 


p<0.001) than pre-op. Post-op fewer PTS had angina (9 vs 
45, p<0.001) or EKG evidence of ischemia (8 vs 39, 
p*<0.001) detected by treacmil] testing. However, post-op 
we found no marked differerce in the number of PTS with 
TS showing reversible defects (RD) with exercise (41 vs 
43) or fixed defects (FD) (29 vs 30). Also, we found no 
difference in the area of RD (28% vs 27%) or FD (30% vs 
29%) expressed as percent of total myocardium using 
computer assisted planimetry. 

Thus, we conclude that CABG 1) improves PTS clinically 
2) is associated with longer treadmill] time and higher 
double product post-op 3) reduces. number of PTS with EKG 
evidence of ischemia on exercise testing 4) does not 
reduce number of RD or FD detected by exercise TS and 
5) therefore, does not exert its effect exclusively by 
restoration of coronary perfusion. 


USE OF NONINVASIVE CLINICAL PARAMETERS TO 
CHARACTERIZE PROGNOSIS IN PATIENTS WITH ANGINA PECTORIS, 
TREATED MEDICALLY OR SURGICALLY 


The VA Cooperative Study Group for Surgery 
for Coronary Arterial Occlusive Disease 


Since CHD patients with symptomatic left main disease exhibited 
impreved survival following surgical treatment, identification of other high 
tisk groups was Sought using simple noninvasive variables present at entry 
and known to be risk factors from other natural history studies. Accordingly, 
for 508 male patients randomized to medicine in 1970-1974, a risk function 
was developed using 4 noninvasive variables. (in descending order of impor- 
tance, ST segment depression on resting EKG, history of myocardial infare: 
tion, history of hypertension, NYHA Class Hl cr IV) by apptying the Cox tife 
table regression model to their 5-year survival data. The 5-year risk distribu: 
tion obtained by the function showed a sharp gradient of risk between the 
high and low terciles. The tercites appeared to be independent of angiographic 
descriptors, since the distribution of patients with disease.of 1, 2 or 3 vessels 
was approximately the same in each. The low risk tercile included patients 
with none or only one risk factor, except ST depression; the high tercile ire 
cluded those with any 2, except NYHA, and those with any combination of 
3 or more; afl-other patients were in the middie risk tercile. Tha same risk 
function was used to classify al! patients randomized in 1972-74 into approx 
mate terciles. 


Five-year cumulative survival rates (CSR) by treatment and tercile ara 
shown for the 595 patients without teft main disease in alt hospitals and for 
the 511 patients at the 10 hospitals with an. average operative mortality of 


3.3%: 
All 13 Hospitals 10 Hospitals 
Risk Group Gi Med. Surg. a Med. Surg. 
Low 238 .93 82** 287 «83 82* 
Mid 175 79 81 148 (76 83 
High 182 64 „82*** 156 63 88t 


*p< 05; **P< 0j; ***P < 005; TP < 0005 based on Mantel-Haenszel x 


We concluded that, in contrast to-patients in the low and mid terciles, 
for whom survival is not improved by surgery, a new nigh risk subgroup hat 
beer identified among angiographically confirmed CHD patients whose sur- 
vivat is significantly improved by coronary bypass surgery. 


CORONARY COLLATERAL CIRCULATION —" A FUNCTION— 
LESS - QUIRK?” 


Wolfram Kupper, MD, Walter Bleifeld, MD, 

Department of Cardiology, University Hospital: Hamburg 

W.- Germany. 

Recent work gave evidence that similar appearing collaterals (collats) 
may have a different reserve capacity (CRC). To test the hypothesis 
that left ventricular segmental wail motion (LVWM) in areas supplied 
by coltets depends on CRC we measured great cardiac vein flow 
(GCVFi, (continuous thermodilution, constant atrial pacing rate) in 17 
patients (pts) with a proximal! occluded LAD and collats fram the right 
coronary artery (RCA) to the LAD. Measurements were taken at rest 
and during reactive hyperemia after intracoronary injection of 8 mi of 
contras: medium into the RCA. CRC was determined as % increase of 
GCVF during contrast induced hyperemia. Anterior LVWM was quanti- 
tated by % systolic halfaxial shortening from cine ventriculography 
{300 RAO, at rest and after nitroglycerin: hypokinetic < 35%, akime- 
tic <10 %). Quality of collats was grossly examined from the coronary 
angiogram by first and maximal-contrast appearance time (CAT) within 
coflats. 

Results: Arterial pressure did not change significantly after contrast im- 
jection into the RCA. 10/17 pts (1) had irreversible LVWM abnormali: 
ties, their CRC was 19 % (GCVF: 70 —-»83 mi/min). 7/17 pts (11) 
showed normal LVWM after nitroglycerin, their GCVF increased signi- 
ficantly more during contrast nyperemia from 62 to 126 ml/min (CRC: 
103 %, P < 0.001). Mean CAT in group | and H was not significantly 
different (3681 + 961 vs 4100 £ 1327 ms). 

Conclusion: Collats in both groups had similar CAT at rest but their 
CRC differed significantly with a much higher CRC of collats to regions 
with reversible LVWM abnormalities. After LAD occlusion regional 
LVWM seems to depend on CRC. 
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WEDNESDAY, MARCH 12, 1980 
AM 

THERAPEUTIC USE OF PACING 
8:30-10:00 


PULMONARY VENOUS REGURGITATION: ETIOLOGY OF HEMODYNAMIC 
-DETERIORATION DURING VENTRICULAR TACHYARRHYTHMIAS AND 
PACING 

z Masahito Naito, MD, T. Joseph Mardelli, MD, Daniel David, 
MD; James Kmetzo, Joel Morganroth, MD, FACC, Leonard S. 


`c :Dreifus, MD, FACC, Lankenau Hospital, Jefferson Medical 


< College, Philadelphia, PA 


To determine the mechanism of deterioration in cardiac 
output (CO) that may occur in ventricular (V) tachycar- 
dia or pacing, 23 dogs with intact pericardium underwent 
V and atrial (A) pacing at cycle lengths (CL) of 400 and 
300 msec with AV interval=100 msec, simultaneous A and V 
pacing (AV=0 msec) and V to A conduction (AV= -100 msec). 
Simultaneous systolic left ventricular (LV) and left 
atrial (LA) pressures (P) were correlated with M-mode 
echo LV size (LVD), LA size {LAD), and mitral valve (MV) 
motion and LA and LV angiograms. Results: 





A-V = 100 A-V =g A-V = -100 

CL (msec) 409 300 400 300 400 300 
CO (L/min) 2.8 3,7 2.0 2.9 1.8 2.4 
LVP Cterr) 129 121 120 101 112 88 
CLAP (torr) 15 18 21 30 23 7 


A-Significant (p<0.02) progressive reduction in LVP and 
O occurred with loss of normal AV sequencing but was 
most marked during VA sequencing. This was associated 
ith a-decrease of 10% in LVD and an increase in LAP 
orrelating with an increased LAD. Remarkably, the dura- 
ion of MV opening and size excursion of MV was unchanged 
t all Av and VA intervals.and there was a complete ab- 
of MV regurgitation by LV angiogram. In contrast, 
atrial regurgitation into the pulmonary veins resulted 
from:VA sequencing. Hence, it appears that the major 
determinant. of decreased CO and LVP during V tachycardia 
or pacing with VA conduction is a decreased LV preload 
due to reversal of atrial flow. 












EVALUATION GF AN IMPLANTABLE PROGRAMMABLE MULTIMODAL 
(DVI; DVI-DVO; DOO SEQUENTIAL; AND DOO SIMULTANEOUS) 
PACEMAKER FOR THE CONTROL OF SUPRAVENTRICULAR TACHY- 
CARDIAS 

Agustin Castellanos, MD,FACC; Harvey L. Waxman, MD; 
Barouh V. Berkovits, EE,FACC; Ruey J. Sung, MD,FACC, 
Univ. of Miami School of Medicine, Miami, Florida. 





 The-efficacy of a recently developed implantable program- 
“mable pacemaker (PP) in the control of recurrent, or in- 


< cessant, supraventricular tachycardias (SVT) was evaluat- 


ed during intracardiac electrophysiological studies.When 
attached to atrial (A) and ventricular (V) electrodes, 
this PP, in seven of its eight possible program states,is 
capable of performing demand sequential A-V (DVI) pacing 
at varying rates and A-V intervals.In the program setting 
of "700 + 150" it provides double demand A-V sequential 
(DVI-~DVO) pacing. Moreover, by placing the tip of the 
ventricular electrode in a position from which it did not 
perceive an adequate intraventricular signal we were also 
able to perform continuous asynchronous A-V sequential 
(DOO SE) pacing and, by magnet application, continuous 
asynchronous A-V simultaneous (DOO SI) pacing. Programmed 
A and V stimuli were delivered before,and after, connec- 
tion to the PP in 5 patients (pts); 3 with dual A-V nodal 
pathways(2 of the slow-fast, and 1 of the fast-slow type) 
and 2 with left sided accessory pathways. Following con- 
conection to the PP,the SVT were abolished in 4/5 pts with 
. -DYI-DVO, DOO SE, and DOO SI pacing. However, in 2/5 pts, 
> DOQ. SE stimulation also induced the arrhythmias. The 
patient. in whom the SVT could not be abolished had a 
short P — R and a long R — P and probably required 
sequential ventriculo-atrial pacing. The present study 
proves the usefulness of this multimodal PP, but raises 





: the possibility that V-A sequential pacing might be 


- vequired-in some cases of SVT. 


ABSTRACTS — 


TERMINATION OF RECURRENT VENTRICULAR TACHYCARDIA BY 
PATIENT-ACTIVATED RAPID VENTRICULAR STIMULATION 
Geoffrey QO. Hartzler, MD; Michael J. Osborn, MD; David R. 
Holmes, MD, Mayo Clinic, Rochester, MN 


When recurrent sustained ventricular tachycardia (VT) 
proves refractory to antidysrhythmic drug therapy, treat- 
ment options are severely limited. Five men, ages 34-59 
years, received permanently implanted transvenous radio- 
frequency ventricular stimulators (RFVS) for termination 

of refractery, recurrent ventricular tachycardias. Diag- 
noses included coronary artery disease with prior myocar~ 
dial infarction-3 pts, congestive cardiomyopathy-Ipt, and 
hypertrophic cardiomyopathy-1 pt. Prior to invasive in- 
vestigation and RFVS implantation, pts required an average | 
of 7 hospitalizations (range 5-8) in a 14 month period : 
(range 2-42 mos) for 23 episodes (range 6-75) of recurrent: 
sustained VI. Each patient underwent extensive electro~ 
physiologic study including programmed ventricular stimu- 
lation (PVS) and electrophysiologic-pharmacologic (E-P) 
testing during which sustained VI was repeatedly induced 
and terminated. Antidysrhythmic drugs preventing in- 2 
duction of VT could not be identified. In 4 pts, repeated: — 
PVS and E-P testing at subsequent hospitalization yielded 
identical results. Subsequent to RFVS implantation, 3 

pts have terminated multiple VT episodes (respectively, 

> 1,000 episodes at 17.5 mos, 35 episodes at 8 mos, 5 
episodes af 4 mos followup). A fourth pt successfully 
terminated. 1 VT episode but subsequently died from an 
arrhythmia unrelated to the use of RFVS. The fifth pt 
has had no sustained VT recurrence at 4 mos followup. ALL 
pts continue.to require multiple antidysrhythmic drug 
combinations to reduce the frequency and rate of spon- 
taneous VI. We conclude that pt activated REVS can be 
used effectively in selected pts with thoroughly investi= 
gated and characterized recurrent ventricular tachycardia. 


REFRACTORY -SUPRAVENTRICULAR TACHYCARDIAS: SUCCESSFUL 
THERAPY WITH DOUBLE DEMAND. SEQUENTIAL PACING. 

Samuel Lévy, MD, FACC, Barouh Berkovits, EE, FACC, 

William Mandel, MD, FACC, Jean-Paul Broustet, MD, 

Israél W.P. Obel, MD, FACC, Henri Bricaud, MD, FACC 
Departments of Cardiology, University of Bordeaux, France, 
and Cedars-Sinai Medical Center, Los Angeles, CA 


Refractory recurrent supraventricular tachycardias (SVT) 
have been treated with a variety of permanent pacemakers 
with variable results. This report details the use ofa | 
double demand sequential (ODS) pacemaker modified to func- 
tion in a dual demand (DVI-DVO) mode.. The unit has a i 
sense circuit which identifies a tachycardia (5 consecu- 
tive ventricular complexes with a cycle length <395msec.). 
The generator then switches to the DVO.mode with a fixed 
rate of 77/min. and delivers stimali (atrial and ventri- 
cular) with a 60msec. AV interval. Upon termination of 
the SVT, the unit switches to the DVI mode. Three pts. 
had this pacing mode employed for the control of SVT. 

All pts. had been extensively evaluated and therapeut?- 
cally failed to respond to all available antiarrhythmic 
agents. Cne pt. (57 y.o. female) had concealed WPW; one 
pt. (40 y.o. male) had overt WPW and one pt. (65 y.o. 
female) had sinus node reentry and severe COPD. All pts. 
had preimplantation studies of the efficacy of the DYI- 
DVO unit. Subsequent to implantation (6-16 mos.), all 
pts. have been unaware of significant arrhythmias and 
have had Holter monitor recordings. Antiarrhythmic 
agents have been continued in 2 of the 3 pts. but at 

much lower dosages. In summary, a DVI-DVO DDS. pacemaker 
was successfully implanted in 3 pts. with intractable 

SVT. In an automatic mode, AV fixed rate pacing has 
repeatedly terminated PSVT. This device offers a new 
means of managing intractable PSVT. 
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ABSTRACTS | 


IMPLANTED. AUTOMATIC BURST PACEMAKERS FOR TERMINATION OF 

: VENTRICULAR TACHYCARDIA. 

“John D.. Fisher, MD, FACC, Seymour Furman, MD, FACC, Soo 

_ (Gyum- Kim, MD, Montefiore Hospital and Medical Center, 
“Bronx, New York 

Automatic burst pacemakers for termination of ven- 

tricular tachycardia (VT) are needed because of three 
major limitations with manual systems, i.e., 1) syncope 

-may occur before the pacemaker can be activated; 2) VT 
May exist unnoticed for long periods until hemodynamic 

-decompensation occurs; 3) patients (pts) develop psy- 

“@helogic syndromes due to responsibilities of managing 
manual systems. We implanted automatic burst pacers in 
four VT pts; two Medtronic (Medt) 2404 and two Inter- 
medics Cybertach (Cytach), The Medt units are custom 
prescription units with bursts at a fixed rate or adapt- 
ive as.a.% of the VT cycle length (CL). The Cytach is a 
programmable pacer with tachycardia criterion, burst rate 
and duration, and other features adjustable. Both pacers 

gan be disarmed to work as ventricular demand pacers 
sonly: 


Pty Pacer VP. rate Burst rate # stimuli 
od Medt 180-220 (75% VT CL) 7 

ee Medt 125-190 232 8 

c8 Cytach 140-150 206 8 
4. Cytach 140-155 206 8 


Results: over a follow-up period of 0-12 months there 
“Rave been no major complications, no malfunctions, no 
“evidence of inappropriate bursts, and no further 
“hospitalizations for VT. Atrial fibrillation with a 
rapid pulse led to disarming one unit which is rearmed 
when needed for termination of VT. In carefully selected 
pts automatic burst pacemakers open new horizons for 
eontrol of VT. 


THE MANAGEMENT OF PAROXYSMAL VENTRICULAR TACHYCARDIA AND 
FIBRILLATION ASSOCIATED WITH THE LONG QT SYNDROME 

Ello Di Segni, ND; Herman 0. Klein, MD; Daniel David, MD; 
Elieser Kaplinsky, MD, FACC, Department of Cardiology,Meir 
General Hospital and Tel-Aviv University, israel. 


Prolongation of the QT interval is known to be associated 
with repetitive paroxysms of a particular ventricular 
tachycardia called also "torsade de pointes", It is a 
typical complication of quinidine but may occur in vari- 
ous other conditions. Antiarrhythmic medications are in- 
effective and treatment is empirical. We have utilised 
transvenous right ventricular endocardial pacing in 12 
patients with marked prolongation of the QT interval suf- 
fering from bouts of ventricular tachycardia and fibrilla- 
tion, In six patients the syndrome was due to quinidine. 
Acceleration of the heart rate resulted in immediate sup- 
oo pression of all arrhythmias. Pacing was continued until 
“the condition producing the CT prolongation disappeared. 
tn one case a permanent pacemaker was implanted as the QT 
prolongation was congenital and permanent. The actual QT 
interval was shortened by overdrive pacing in all patients 
(< 0.5 seconds) but the corrected QT interval remained 
prolonged (> 0.6 seconds). The arrhythmia was therefore 
clearly dependent upon the actual QT interval and over- 
“drive paéing could suppress it by decreasing the actual 
interval without shortening the corrected interval. All 
12- patients survived-and in 11. pacing was discontinued 
following the return of both the actual and corrected QT 
intervals to normal. in conclusion, overdrive pacing is 
an effective, safe, expeditious and reliable mode of 
. treatment in paroxysmal ventricular tachycardia and fi- 
brillation associated with prolongation of the QT inter- 
val. 
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RADIONUCLIDE ANGIOGRAPHIC EVALUATION OF LEFT VENTRICULAR 
PERFORMANCE DURING VENTRICULAR PACING 

Charles A. Boucher, M.D., FACC, Gerald M. Pohost, M.D., 
FACC, Frederick K. Poulin, M.D., H. William Strauss. M.D., 
Robert D. Okada, M.D., J. Warren Harthorne, M.D., FACC, 
Massachusetts General Hospital, Boston, MA. 

To determine the effect of ventricular pacing (VF) on 
global and regional left ventricular (LV) function, gated 
cardiac blood pool scans were performed in 15 patients 
(pts) with permanent transvenous ventricular pacemakers. 
In all, the heart rate during VP was within 15 beats/min 
of the rate during sinus rhythm (SR). LV ejection frac- 
tion (EF) was derived and the synchrony and synergy of LY 
regional wall motion. (WM) was evaluated. WM was scared 
in 3 LV segments each in the anterior and left anterior 
oblique views on a 5 point scale from 3 = normal to =l = 
dyskinesis. Ten pts had a normal (NL) EF (>.50) and 5 
pts had an abnormal (ABN) EF (€<.35). Seven of the pts 
with NL EF had scans both at rest and during exercise. 

At rest, NL pts had a small but statistically significant 
mean decrease in EF of 0.03+.04 {+ 1 8.D.), p<.05, Guring 
VP, compared with SR. In addition, contraction became 
asynchronous, beginning in the anterolateral and postero- 
basal walls and ending at the apex. The septum, apex, 
and inferior walls showed significant reduction in WM 
during VP, compared with SR, whereas the anterolateral 
and posterobasal walls remained NL. During exercise, 
there was no longer a difference in EF between SR amd VP, 
and the contraction pattern became nearly synchronous, 

in ABN pts, EF and WM were the same with SR and VP. 

In conclusion: 1) NL pts demonstrate reduction in 
global and regional LY function- during VP at rest, bat 
demonstrate no significant differences during exercise; 
2) In ABN pts, there was no difference in EF and WM 
during VP, compared with SR. 





ARE AN EXCESSIVE NUMBER GF PERMANENT PACEMAKERS BEING 
INSERTED? 

Atul B. Chokshi, M.D.; Howard 5. Friedman, M.D., FACE; 
Monte Malach, M.D., FACC; Balendu C. VYasavada, M.D.; 
Sheldon J. Bleicher, M.D. The Brooklyn Hospital and 
Downstate Medical Center (SUNY), Brooklyn, NY 


Almost 100,000 pacemaker generators were inserted in 1978 
at en estimated cost of at feast 500 million dollars. Be- 
tween 1973 and 1976 permanent pacemaker(PP)insertions at 
The Brooklyn Hospital increased by 71%. Accordingly. it 
is cur purpose to review our experience for this period to 
cetermine whether some of these PP may have been unneces- 
sary and to show the impact of peer-review on reducisg 
such operations. The average age of patients was 75 
years(range 24-95), The Indications for a PP in 169 pa- 
tients was sick-sinus syndrome’ in 92(54%), intraventricular 
conduction abnormality in 44(26%)and complete or advanced 
heart block In 28(17%). In 1976. heart block was the indi- 
cation in only 8% of the patients. Gf the 92 patients with 
sick-sinus syndrome iG were receiving alphamethyldope and 
29 digitalis and/or propranolol; thus, in 42% of the 
patients receiving a PP for bradycardia an iatrogenic 
cause may not have been excluded. Preliminary review of 
patients receiving a PP for Indications other than heart 
block showed that in at feast 22 of 1410/5.6%)symptoms per- 
sisted and that 23(16.3%)died less than | year after PP 
had been inserted. A more critical policy and the Institu- 
tion of a pacemaker-review committee which provided cuide- 
lines and a means for ongoing retrospective review pro- 
duced a decline in PP insertions by 46% from 1976 in both 
1977 and 1978. It is coneluded that peer-review can 
improve patient selection and thereby result in a substan- 
tial reduction in PP operations. If our experience can be 
extrapolated nationally, The result could be en estimated 


i 


health-care savings cf | of a billion dollars per year. 
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TEMPORARY TRANSVECUS PACING AND FEMORAL VEIN THROMBOSIS 
Andre J. Nolewajka, MD; Michele D. Goddard, MD; Thomas C. 
Brown, MD, University of Western Ontario, London, Canada. 





The true incidence of deep vein thrombosis with subsequent 
pulmonary embolism in patients requiring temporary trans- 
= venous- pacing via the femoral vein is unknown. Thirty 

~ consecutive patients, mean age 66+ 10 years (38-79) re- 

quiring temporary transvenous pacing were studied by 
bilateral contrast venography and perfusion lung scans 
within-4 hours of removing. the pacing wire. The patients 
swere- subdivided into two subgroups based on their 


hemodynamic status. There was no statistical difference 


between. the two groups with respect to mean age or the 
length of time the pacer wire was in place and all 
patients were placed on subclinical heparin therapy. 
Eleven or 37% of the patients had venogram evidence of 
thrombosis with 6 (55%) showing lung scan evidence of 
pulmonary emboli. The hemodynamically compromised 
subgroup (7 patients) had 6 (85%) patients with thrombosis 
-with 3..(502) having subsequent. pulmonary emboli. The 
hemodynamically stable subgroup (23 patients) had a 22% 
incidence of thrombosis and a 40% incidence of emboli. 
Deep venous thrombosis with subsequent pulmonary emboli 
is a serious complication. of temporary transvenous 
pacing using. the percutaneous femoral approach, despite 
-> prophylactic heparin anticoagulation. 





THE RHYTHMS UNDERLYING THE FIXED RATE PACING OF LONG-TERM 
TRANSTELEPHONE MONITORING 

Doris. J.W.Escher, MD, FACC; Seymour Furman, MD, FACC; 
John D. Fisher, MD, FACC, Montefiore Hospital and Medical 
Center, Bronx, New York 


The. natural history (Nhx) of the underlying rhythm (UR) 
of paced (P) patients (pts) on long term transtelephone 
monitoring (TTM) is unknown, particularly when always 

: paced. on TIM (apparent pacemaker (PM) dependence), as is 
‘the level of risk for syncope (real PM dependence) in 
event of sudden failure. One hundred consecutive pts 

“(48 male, 52 female; usual age distribution) with VVI 
‘pulse generators (PG) on TIM were reviewed for Nhx of UR. 
Duration of pacing was 2-122 {av 50) months; duration of 
“TUM the last 1-63 (av 16) months of followup. Forty six 
pts were 100% P on day of entry to study; 32 of these, 
always P on TTM, revealed on PM inhibition UR of 3° block 
(B} 10, atrial fibrillation (AF)without bradycardia (BA) 
5, with BA 5, Sick Sinus Syndrome (SSS) with BA 5 
complete B5, other 2. Of 36 pts initially P for 3°B, the 
28 always P on TIM had UR of 3° B 14, AF 7, intermittent 
B 5; sinus BA 2. Of 31 pts initially P for SSS, UR broke 
through intermittently or regularly in 14, 7 were always 
P. Those pts not P on entry to study ran gamut from 
original UR of SSS, AF with bradycardia and 3° B to RSR. 


Many pts apparently shift UR post implantation, often, 
in the. short run of brief inhibition, to less serious 
atterns. To evaluate the relatively small but signifi- 
Cant (10% or less) true risk for syncope in event of re- 
calls, traveling, scheduling of PG changes, etc., pace- 
maker center visits, with inhibition of pacing to reveal 
UR mgt be interpolated with long term TIM. A schedule 
E ( 6-12 months will provide a good Nhx of the UR. 








ABSTRACTS 


AN ANALYSIS OF MALFUNCTION AND COMPLICATIONS OF TEMPORARY 
PACING Joseph L. Austin, MD; Lehman-K. Preis, MD; : : 
Richard S. Crampton, MD, FACC; Randolph P. Martin, MD; 
University of Virginia, Charlottesville, VA. 





Temporary pacing is a common treatment for bradyarrhyth- 
mias, but few studies have dealt with pacer malfunction 

(MF) and complications. We reviewed the medical records 

of 100 consecutive patients (pts) who received 113 tempo- 
vary pacemakers (PM). MF was defined as failure to cap- 
ture and/or sense, and occurred in 37% (42/113) of PM. 

The initial MF occurred within 48 hrs in 86% (36/42) and 
within 24 hrs in 50% (21/42)... The incidence of MF was aS 
35% (32/91) in femoral cathéters and 42% (8/19) in-brachi=" 
al (p=not significant (NS)}.In pts-with acute myocardial” 
infarction: (AMI), 50% (9/18) of PM developed MF vs 35% 
(33/95) of PM in pts without AMI (NS). Thirty-seven com- 
plications occurred in 20% (23/113) of PM: ventricular 
tachycardia during insertion:7, bleeding or hematoma at: 

the site:4, cardiac perforation:4, fever: 7, sepsis:3, 
phlebitis:6, local infection:3, and pulmonary embolus (PE) 
:3. No deaths resulted from these complications. In pts 

with AMI, 28%.(5/18) of- PM produced complications vs 19% 05. 
(18/95) of PM in pts without AMI: (NS). While the incidence 
of total complications, especially perforation, was sig-- 00: 
nigicantly higher in brachial (7/19). vs femoral (16/91) 

PM (p<.05), sepsis, local infection, and PE were seen. 
only in femoral PM. In all pts with sepsis, local infec- = 
tion, and PE, and in 5/6 pts with phlebitis, the PM were — 
in place 2.72 hrs (p ©.0005).. We conclude: I) Since MF is 
common after pacemaker insertion. and tends to occur early, 
close monitoring is advisable. 2) The incidence of MF ddes 
net seem influenced by site of insertion or presence of eoi) 
AMI. 3) Complications are also not infrequent and in pts.” 
prone to thromboembolism.and/or infection, sites other 

than femoral should. be considered. It may be advisable to 
terminate temporary pacing by 72 hrs. 











ATRIO-VENTRICULAR NODAL "MEMORY" STUDIED BY 
RANDOM ATRIAL STIMULATION 

Frederik M.A. Harms, MD; Robert. M, Heethaar, PhD; 
Etienne O. Robles de Medina, MD, FACC; Frits L. Meijler, 
MD, FACC, University Hospital, Utrecht, the Netherlands. 





To study AV junctional function, ventricular responses 
were correlated with atrial intervals during random 
atrial stimulation. 

Methods: Five patients with normal AV conduction 
~documented by incremental atrial pacing~ were studied. 
during random high right atrial stimulation (interval 
range 350 to 700 msec) using a computer controlled 
stimulator. Right atrial and His bundle electrograms. were 
used to document the AV nodal transmission. characteristics, 
In all patients random atrial stimulation was repeated. 
following. I mg atropine i.v. and 20 minutes after 5 mg 
propranolol i.v. Cross-correlograms were computed between 
atrial intervals and. AH conduction times, before and 
after drug administration, 

Results : 1) The first correlation coefficient showed 
a strong negative correlation (-0.8) between the last 
atrial interval preceeding the conducted atrial complex 
and AH conduction time. 

2) Second and higher order coefficients 
showed no significant correlation between atrial intervals 
and AH conduction times. 

3) In spite of observed changes in AV nodal 
refractoriness. similar results were obtained after 
atropine and propranolol. administration. 

Conclusions: |} Adaptation of AV nodal conduction to 
random changes in atrial intervals does not exceed two 
cycles, Suggest ing no, or a minimal effect of AV nodal. 
"memory" on AV transmission characteristics. 

2) This AV nodal behaviour was not. affected 
by the autonomic nervous system. 
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ARRHYTHMIAS 
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PATHOPHYSIOLOGY OF EPICARDIUM OVERLYING TRANSMURAL 
MYOCARDIAL INFARCTION 

Ronald R, Hope, MD, FACC; Benjamin J. Scherlag, PhD, 
FACC; Ralph Lazzara, MD, FACC, Vet. Adm. Medical 

Center and University Hospital, University of Oklahoma, 
Oklahoma City, OK 


Reentrant ventricular arrhythmias (RVA) arise in 
epicardium (epi) overlying the transmural infarction 
zone (IZ) in the dog 4-5 days after left anterior 
descending coronary artery ligation. Effects of 
pacing at various heart rates (HR) (30-330/min) from 
epi in normal zone (NZ) and ÍZ were studied in 20 dogs 
using ECG leads and epi recordings. Pacing in the 
NZ at any stimulus strength (5S) showed no change 
in QRS morphology at these HR. During pacing at IZ 
sites, QRS morphology changed with HR in association 
with conduction. delays in the IZ. This effect was 
reversed by increasing the S5. Refractoriness in 
the IZ was tested. by programmed pacing. Abnormally 
short refractoriness (<130 msec) and prolonged 
refractoriness (>330 msec) coexisted within the IZ. 
This, marked dispersion of refractoriness was related 
“fo the occurrence of RVA. In 10 dogs a 3x4 cm section 
of- epi was. removed which included NZ and IZ. Action 
“potentials were recerded during superfusion with 
Tyrode’s solution at 37° C. Rate-dependent RVA were 
initiated in 90% of tissued studied. At a constant 
“$8, action potentials close to the stimulation site 
showed progressivley shorter (100 msec), diminutive 
responses as the HR was increased. Intermittent 
failure of excitation was noted at higher rates. Rate- 
sensitive changes in conduction, refractoriness, and 
excitation are determinants of RVA, originating in the 
IZ epi. 


ROLE OF ELEVATED EXTRACELLULAR K* ACTIVITY IN CONDUCTION 
SLOWING DURING ACUTE MYOCARDIAL ISCHEMIA 

Jeffrey L. Hi11,Ph.D.; Leonard 5. Gettes, MD, FACC, 
University of North Carolina, Chapel Hill, N.C. 


Transmaral electrodes capable of simultaneously record- 

ing local extracellular K activity and ventricular 
activation at subepicardial, midmyocardial and subendo- 
cardial sites were used to determine if the rise in extra- 
cellular K induced by acute ischemia causes the associa- 
ted conduction slowing. In 10 open-chest pigs the dis- 
tal LAB was cannulated and perfused with femoral arter- 
jal bleod using a roller pump. A transmural K` electrode 
was inserted in the center of the anticipated ischemic 
zone and in the non-ischemic zone. Acute ischemia was 

< produced for 5-16 minytes by stopping the perfusion 
pump; extracellular K and transmural conduction were 
continuously recorded. One hour following reperfusion, 
isotonic KCL wag added to the arterial perfusate to raise 


-extracellular K to ischemia-induced levels at rates 


equivalent to and twice that recorded in the ischemic 
sybendecard] um (which always demonstrated the greatest 

Kv rise, [K] = 11-16 meq/L). à 

Conduction slowing at. the same level of K , with and 
without ischemia,.were compared: 1) conduction slowing 
induced by ischemia. was always greater and occurred at 
Tower K. levels than that produced by K` infusion. 

2) doubling the rate of K` infusion produced greater con- 
duction slowing at thë same level- of K` but stil] did not 
equal the conduction slowing caused by acute ischemia. 
Thus, the rate of K change contributes significantly to 
conduction slowing. However, the ischemia-induced con- 
duction slowing cannot.be entirely explained by either 
the rate or magnitude of the extracellular K rise 
occurring in the ischemic zone. 
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THE LETHAL LATE CONSEQUENCES: OF SMALL INFARCTS. 

Eric L. Michelson, MD; Joseph F. Spear, PhD, FACC; 

E. Neil Moore, DVM, PhD, FACC; University of Pennsylvania 
and Lankenau Hospital, Philadelphia, Pennsylvania 


A canine model of chronic infarction has been developed 
in which ventricular fibrillation (VF) can be reproduci- 
bly initiated with routine methods of programmed elec- 
trical stimulation (PES). At 3-30 days after 2-stage 
occlusion of the distal left coronary artery 1-2 cm from 
its termination, modified by a reperfusion stage, 12/13 
dogs (vs. 1/8 with proximal occlusion, p < 0.005) had VF 
inducible with 1-3 ventricular extrastimuli during ven- 
tricular pacing at a cycle length of 300 msec. Infusion 
of 15-60 mg/kg procainamide prevented reinitiation of VF, 
using identical methods of PES, in all 13 dogs previously 
susceptible. Following PA, 2 effects were observed with 
PES: (a) 7 dogs: inducible sustained ventricular tachy- 
cardia(rather than VF, with cycle length 120-250 msec and 
with fractionation of lecal electrograms) which could be 
terminated {in 4 dogs) by PES or rapid ventricular pacing, 
and with characteristics suggesting a reentrant mechanism; 
(b) 3 dogs: self-terminating (x 5 see duration) ventricu- 
lar fibrillation-flutter; (c)_3 dogs: both (a) and (b). 
All 13 dogs had small (< 2 cm?) mottled infarcts confirm 
ed histopathologically. These results suggest {1} the 
potentially lethal late consequences of small mottled in- 
farcts (2) the potential salutory effects of high dose 
procainamide on the initiation of inducible VF, and (3) 
that a common reentrant mechanism may explain both in- 
ducible VF and inducible sustained VT. 


CORRELATION OF THE INCIDENCE OF REPERFUSION VENTRICULAR 
ARRHYTHMIAS WITH THE DURATION OF EXPERIMENTAL CORONARY AR- 
TERY LIGATION 

C. William Balke, BA; Eleiser Kaplinsky, MD FACC; Eric L., 
Michelson, MD; and Leonard S. Dreifus, MD FACC 

Jefferson Medical College, Philadelphia, Pennsylvania 


Malignant ventricular arrhythmias (VA) cccur frequently 
when experimental acute coronary artery ligation (CAL) is 
interrupted by corenary reperfusion (R). The present 
study was designed to determine the duration of antece- 
dent CAL rendering animals most susceptible to subsequent 
reperfusion VA (> 5 ventricular ectopic beats/min (VE), 
ventricular tachycardia (> triplets} (VT), er ventricular 
fibrillation (VF). For this purpose, the incidence of 
reperfusion VA was studied following the release of a 
one-stage proximal ligation of the left antericr coronary 
artery after 5, 10, 20, 30, or 60 min in 86 dogs: 





Min of CAL Total VA VE.or VT NE 

5', N=19 dogs 8/19 (262 3/19 (162%) 2/19 (10%) 
10', N=19 dogs 9419 (47% 3/19 (16%) 6/19 (312%) 
20°, N=14 dogs LE/14 (792) 0/314 ( 02%) 11/14 (79%) 
30', N=16 dogs 16/16 (100%) 3/46 (19%) 13/16 (812) 
60', N=18 dogs 14/18 (78% 10/48 (564) 4/18 (22%) 








Reperfusion VA occurred with increasing incidence as. CAL 
periods were lengthened from 5 min to 30 min (5/19 (26%) 
vs 16/16 (100%), p<G.001) but, remarkably, reperfusion 
VA and especially reperfusion VF occurred less commonly 
when R was delayed from 30 min to 60 min after CAL (13/16 
(81%) vs 4/18 (222), p <0.005). 

Conclusion: These data suggest that there is a distinct 
time course for the susceptibility to reperfusion VA and 
VF after experimental CAL. The highest risk for reperfu- 
sion VF corresponds to a time {20-36 min) when ischemic 
changes are most marked but infarction is minimal. These 
findings may explain the phenomenon of "spontaneous" VF 
in patients without demonstrable myocardial infarction. 
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COMPARATIVE EFFECTS OF VERAPAMIL AND NIFEDIPINE ON REAC- 

: TIVE HYPEREMIA, AND: VENTRICULAR ARRHYTHMIAS DURING CORO- 
NARY ARTERY REPERFUSION. Lair G.T. Ribeiro, MD; Thomas L. 
DeBauche; MD; Tedd A. Brandon, BS; Lawrence A. Reduto, MD, 

— FACC; Peter R, Maroko, MD, FACC; Richard R. Miller, MD, 

< FACC: Baylor College of Medicine, Houston, Texas and 

- Deborah Heart & Lung Center, Browns Mills, New Jersey. 

i To examine effects of the calcium antagonists verapamil 
(Ver) and nifedipine(Nif) on coronary hemodynamics and 

` ventricular arrhythmias during coronary reperfusion(CAR), 

- 24-open chest dogs underwent proximal left anterior cor- 
‘nary artery occlusion(CAO). At 25 minutes(min) CAO was 
released. Regional myocardial blood flow(RMBF) (m1/min/ 
100g}: was determined by microspheres (85sr and 14108, 8-10 
u) 18 min post CAG and after 10 min of CAR. At 20 min post 
CAO, dogs were randomized to control(C) (n=8), Ver (n=8) 
(.2 mg/Kg in 5 min followed by...01 mg/Kg/min infusion) or 
Nif (n=8) (100 ug/Kg in 5 min followed by 3u Kg/min in- 
fusion). In C, 6/8 animals had ventricular tachycardia(VT) 
“G) or ventricular fibrillation(VF) (3). With Ver, VT did 
not occur and 1/8 had VF (p<.05 vs C). In Nif 4/8 had VT 

242): er VF (2) (p=ns vs C). Ten min after CAR transmural 

= RMBE in ischemic myocardium increased 829% (2445 to 223+ 

60) (p<.01) in C and to similar extent (p>.05 vs C) with 

< Ner-and Nif. RMBF in non-ischemic myocardium was increas- 

: ed by Nif, 99411 to 189442 (p<.05) and unchanged (p=ns) 

< py Ver and in C. Endocardial and epicardial distribution 

-in hyperemic and normal regions were unchanged by Ver or 

if- (both p>.05 vs C). Coronary resistance in ischemic my- 

cardium declined (80-90%), similarly (p=ns) in C, Ver and 
groups. Thus, Verapamil decreases reperfusion ventric- 
dar arrbythmias without altering RMBF. Although both Ver 

cand Nif are calcium antagonists, their membrane antiarrhy- 

_thmic effects appear to differ in CAR-induced arrhythmias. 












MYOCARDIAL CYCLIC ADENOSINE MONOPHOSPHATE AND HIGH ENERGY 
PHOSPHATES IN VENTRICULAR VULNERABILITY TO FIBRILLATION 
IN THE ISOLATED RAT HEART AFTER CORONARY ARTERY LIGATION 
Wilhelm F, Lubbe, MD,FACC, Cecile A. Muller, B.Sc.,Lionel 
H. Opie, MD, FACC. MRC Ischemic Heart Disease Research 
Unit, University of Cape Town, Cape Town, South Africa. 





The role of cyclic adenosine monophosphate (cAMP), adeno- 
“Sine triphosphate (ATP) and phosphocreatine (PCr) in the 
< mediation of changes in vulnerability to ventricular 
fibrillation (VF) in the first 15 min of myocardial 
-ischemia was assessed in the isolated rat heart. Ventri- 
cular fibrillation threshold (VFT) fell From 8.6 + 0.7 ma 
to I6. 0.2- ma (n = 25 hearts) by 15 min after coronary 
artery ligation. Ischemic tissue ATP and PCr fell to 
1.7 £ Ql and 1.2 + 0.1 mol/g fresh weight (f.wt.) in 
comparison to 3.6 + 0.1 and 3.9 + 0.2 umol/g f.wt. 
respectively in uninvolved myocardium. cAMP increased 
from 0.45 + 0.01 in uninvolved myocardium to 0.60 + 0.03 
nmol/g £.wt. in ischemic myocardium. Atenolol, a 8y- 
adrenoceptor antagonist (70 to 700 ymol/l) failed to 
inhibit the fall in VFT, ATP and PCr or the increase in 
cAMP, Propranolol (d=, l- and di-isomers, 8-24 wmol/1) 
inhibited the fall in VFT and increase in cAMP but not 
the fall in ATP and PCr. Sotalol failed to attenuate the 
fall in VFT. Lidocaine (7 to 21 pmol/l) inhibited the 
fall in VFT, but did not alter changes in ATP, PCr or 
: cAMP. Amiodarone which inhibits adrenergic activity non- 
Be petitively, prevented the fall in VFT and increase in 
hemic myocardial cAMP but not the fall in ATP and PCr. 








erations in vulnerability to VF with onset of regional 
scthemia in this model are linked to changes in cAMP and 
ot ATP.or PCr. Selective adrenergic antagonism suggests 
hat mechanisms independent of the R,-adrenoceptor are 
involved to increase ischemic tissue cAMP but are inhib- 
“ited by amiodarone and d- and l-isomers of propranolol. 





ABSTRACTS 


THE EFFECT OF A MOBILE CORONARY CARE UNIT ON MORTALITY IN 
ACUTE MYOCARDIAL INFARCTION. A RANDOMIZED STUDY. ; 
Stig Holmberg, MD; Bertil Wennerblom, MD; Dept. of 
tardtoToays SahTgrenska Hospital, Göteborg, Sweden. 

The aim of the study was to elucidate the effect of a 
mobile coronary care unit (MCCU) 1) on mortality in the 
prehospital phase of acute myocardial infarction (AMI), 

2) on hospital mortality in AMI. -- Pilot study: Of 165 : 
consecutive patients (pts) with AMI arriving ative at hos- o- 
pital 53% were transported by ambulance. The ambulance 
controller could correctly diagnose 55% of AMI pts re= 
questing an ambulance. In only 21% of pts preliminarily 
classified by ambulance controller as AME was this 
diagnosis confirmed. -- In the randomized study pts re- 
questing an-ambulance and suspected by ambulance 
controllers to have AMI were randomized to MCCU-or A: 
standard ambulance transport (ST.AMB.) in proportions 60/7- 
40. The MCCU was hospital based and operated by two ambu=- 
lance drivers and two CCU. nurses. ~--Results: 844 pts were 
included; of these 58 pts were found In cardiac: arrest. : 
Two of 38 in MCCU group were resuscitated and discharged ooo 
from hospital alive. No pts in ST.AMB.group of 20survived _ 
Among 786 pts alive on arrival of ambulance 163 were : 
diagnosed as AMI, 99 in MCCU group and 64 in ST.AMB. 
Pedian delay from ate of i to oT for ambulance 
was $2 hours..-- Mortality: Two pts- in U grou 
developed ventricular Tibet] lat ion during transport and 
were successfully resuscitated. Two pts- in ST.AMB. group 
had cardiac arrest and could not be resuscitated Hospital 
mortality for MCCU pts was 16% and for ST:AMB. 31% 

(p< 0.05}..625 pts did not develop AMI. Of 360 pts in- 
MCCU group there were 4 hospital deaths (1.1%) whereof 
one caused by cardiac disease. Of 265. pts. in ST.AMB.group 
there were 8 deaths (3.0%), thereof 4 caused by cardiac : 
disease. -- In conclusion a MCCU caused a modest reduction. 
of prehospital mortality and a significant reduction of : 
hospital mortality in AMI. 


REDUCTION OF MYOCARDIAL INFARCTION MORTALITY BY PRUDENT 
PATIENT ACTIVATION OF MOBILE CORONARY CARE 

John M. Stang, M.D.; Richard P. Lewis, MD, FACC; Alonzo 
A. Alonzo, PhD; Martin D. Keller, MD, PhD; James V. 
Warren, MD, FACC; The Ohic State University College of 
Medicine, Columbus, Ohio. 

The City of ‘Columbus has eight years of experience with 
a citizen-activated Emergency Medical Services System 
(EMS) which employs autonomous ‘paramedics (EMT-P) acting 
solely by protocol-direction without telemetry. During 
1976-1977, 1,102 patients (pts) with apparent acute 
cardiac symptoms were studied with respect to pre- and 
intra- hospital course, From this comprehensive city-wide 
one-year infarct~suspect group, 544 pts with acute myo- 
cardial infarction (AMI) were found and comprise the 
focus of this report. AMI. pts were divided inte those who 
elected to use the EMS and those who did not (and reached 
the hospital by other personal or public transportation). 
Comparison of the two follows: 


Users Non-Users 
Patient Decision Time 41 min 252 min p< .0l 
Serious Complications* 45% 12% p <.01 
Overall Mortality 16.7% 1.4% p <.0l 
Initial Ventricular 
Fibrillation (VF) 10.6% OF 
Mortality Initial VF 45% oz 


*VF, cardiac arrest, pulmonary edema, shock, severe 

bradycardia 

EMS users were more ill and had quickly and correctly 
perceived their need for pre-hospital coronary care. 
Others with uncomplicated AMI chose not to activate the 
system despite 96% awareness of it. Hence, the effective. 
use of EMS facillitated successful pre-hospital therapy 
of AMI with sudden death in over half and contributed to 
a city-wide overall mortality of AMI of 18%. 
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ABSTRACTS 


VENTRICULAR ARRHYTHMIAS AND VENTRICULAR FIBRILLATION IN 
ACUTE MYOCARDIAL. INFARCTION, 
|. Ronald W.F. Campbell, MRCP; Alan Murray, PhD, Desmond G. 
Julian, FRCP. Freeman Hospital, Newcastle upon Tyne, U.K. 
The natural history of ventricular arrhythmias (VA) was 
studied in 1066 pts with AMI; therapy for VA was given 
only for VF and prolonged VI, Two groups, both admitted 
within the first 3 hrs of AMI, were investigated: 1) 17 
pts who developed VF in the absence of shock, heart fail- 
ure (primary VF) and who also had not received digoxin, 
diuretics or any antiarrhythmic drug (including B-block- 
ers) in the previous 72 hrs, 2) 21 comparable pts with- 
out VF, Computer assisted analysis of continuous EKG 
recordings was performed by 3 independent observers. In 
beth groups VA frequency varied with time from the onset 
: of AMI, Reon~T VEBs (QR'/QT<0.85) frequency was highest 
in the first 4 hrs. Single VEBs, multiform VEBs, VEB 
pairs and VI were most frequent in the 6-12 hrs when R- 
On-T VEBs were rare. The prevalence of R-on-T VEBs was 
->1/1000 mins EKG in 8 VF and 1 nonVF pt. A striking 
< increáse of R-on-T VEB frequency occurred in the 10 mins 
prior to VF and all 17 episodes of. VF were R~on-T initi- 
ated, VT occurred in 4 of 17 VF pts in 19 episodes of 
which 2 (10.5%) were R-on-T initiated. By contrast VT 
occurred in 14 of 21 nonVF pts. and R-on-T initiation 
occurred in only 2 of the 246 episodes (1.5%). 
These results demonstrate: 1) an association of R-on-T 
VEBs- and primary VF but‘ the relationship cannot be read- 
Aly appreciated by CCU monitoring, 2) important time ` 
“relationships of VA in AMI, 3) different initiating 
mechanisms for VF and VT showing in this context that 
these are not closely related, 4) a similar incidence 
of VEBs (single, miltiform), VEB pairs and VT in the YF 
and nonVF groups when compared at corresponding times 
from the onset of infarction.. 


HOSPITAL RECURRENCE OF VENTRICULAR FIBRILLATION IN ACUTE 
ISCHAEMIC HEART DISEASE 


Kathleen R. Logan, MB; Werner J. McIlwaine, MB; 
A.A, Jennifer Adgey, MD, FACC, Royal Victoria Hospital, 
Belfast, N. Ireland. 


Two hundred and seventy consecutive patients who 

: developed ventricular fibrillation (VF) outside or inside 
hospital were studied. Of the 141 with ischaemic heart 
disease who survived the initial arrest, 121 had an acute 
myocardial infarction (MI) and 20 an acute ischaemic 
episode without infarction (AIE). One hundred and five 
were male and 36 female (mean age 59). Primary VF was 
VF in the absence of cardiogenic. shock or pump failure. 
VF was considered recurrent when it developed 30 or more 


minutes after the initial cardiac arrest. 


on 41 (20%) of 141, VF recurred. VF recurred in 19 (20%) 
of the 94 patients with MI and primary VF, and in 12 (44% 
of the 27 with secondary VF. In those with AIE, VF 
-yecurred in 8 (50%) of 16 with primary VF, and in 2 (50%) 
of 4 with secondary VF. Of the 41 patients with MI or 
ATE who bad primary VF which occurred within 2 hours of 
“the onset. of symptoms, 6 (15%) had one further arrest. 
This arrest occurred 40 minutes to 6 days ( average 2} 
days) fran the first arrest. 

-Recurrent VF was more likely in AIE, and in patients with 
MI who had had secondary VF (P<0.05). Age, sex, site of 
infarction, adequacy. of initial resuscitation, site of 
initial cardiac arrest, onset of symptoms to intensive 
care, onset of initial cardiac arrest to attempted 
defibrillation and antiarrhythmic agents used or dosage 
of the agents given had no significant effect on i 
recurrence in the 141 patients. Ninety-seven (69%) of 
141 were discharged fram hospital. 


DECREASED SHUNT FLOW IN ACUTE VENTRICULAR SEPTAL 
DEFECT USING 15-METHYL-PROSTAGLANDIN Foo AS A PUL- 
MONARY CONSTRICTOR 
Frank L. Mikell, MD; Peter F. Carlyle, BA; Patricia N. Eekhoff; 
Charles R. Jorgensen, MD, FACC; Jay N. Cohn, MD, FACC; 
Hennepir County Medical Center and the Univ. of MN, Mpls., MN. 

An important determinant of left to right shunt flow (Qp/Qs) 
in ventricular septal defect (VSD) is the relationship between the 
pulmonary (Rp) and systemic (Rs) vascular resistance (Rp/Rs). 
Although agents which reduce Rs, thus increasing the ratio Rp/Rs, 
have been shown to decrease Qp/Qs, no information is available 
on the effect of pharmacologicaily increasing pulmonary resis- 
tance in order to increase Rp/Rs and reduce shunt flow. We 
investigated the possibility that augmentation of the pulmonary 
resistance with the pulmonary constrictor, 15-methyl prosta- 
glandin Fa (PG), either alone or in combination with the systemie 
vasodilat: nitroprusside (NP), would increase Rp/Rs and reduce 
the magnitude of Qp/Qs in a eanine model of acute VSD. 

In 6 dogs with VSD, PG inereased,Rp from control values 
(374450.8 to 10914173.0 dyne-sec-em ”, meantSEM, p < .01). 
The effect of PG on Rs was variable. In 4 dogs, Rs did not change 
while Rp increased. Thus, Rp/Rs increased from control (0.095 
+.01 to 0.260 +.04, p < .05) and Qp/Qs decreased (2:28+0.26 to 
1.5640.1%, p < :01) due to a fall in Qp. In 2dogs, PG increased Rs 
and Rp/Rs decreased. Addition of NP to these 2 animals reduced 
Rs but did not change Rp. Thus, with nitroprusside, Rp/Rs 
inereasec and shunt flow deereased. At maximal drug response 
for the € dogs, Rp/Rs inereased significantly (0.078+.01 to 0.258 
+4.03, p < .01) and Qp/Qs fell from a control value of-3.0410.51 to 
1.6740.1 ip < .05)due largely to a decrease in Qp. 

In summary, PG increased Rp and reduced Qp/Qs when sys- 
temic resistance was not affected. If Rs inereased, NP reduced 
Rs without affecting Rp. NP thus increased Rp/Rs and reduced 
Qp/Qs. These data indicate that pharmacologic manipulation of 
the pulmenary vascular resistance is useful in reducing shunt flow 
and may become a potential therapeutic maneuver is the manage- 
ment of seute VSD. 


INTRA AORTIC BALLOON PUMP FOR SHOCK COMPLICATING 
INFARCTION. FACTORS INFLUENCING OUTCOME. ~ 


Rolf Michels, MD; Max Haalebes, MD; Marcel v/d Brand, MD; 
Paul G. Hugenholtz, MD, FACC; Thoraxcenter, Rotterdam, 
the Netherlands. 


To predict outcome, age, delay of therapy (in 72 pts) and 
the findings at catheterization (in 35 pts) were related 
to survival of cardiac sheck after acute myocardial 
infarction (CSMI} treated with the intra~aortic balloon 
pump (IABP). Of 41/72 ats (572) surviving’ the acute stage, 
11 died < 3 mo; 30/72 pts (42%) survived > | y, to date 
26 are alive, and 19/25 (73%) lead active lives. Of the 
pts < 60 y, 25/52 (482) survived > 1 y, as compared to 
only 5/20 pts (25%) > 50 y. When IABP was instituced 

< 6 hrs, 26/31 pts (772%) survived > 7 y, compared to 

only 6/41 (15%) in whom IABP was. delayed. 

The combination of these prey demofistrated a 
favourable course for ots-< 60 y with ZABP delay < 6 hrs: 
19/24 (732) survived > | y On the other hand all pts 

> 60 y with IABP delay > 6 hrs died < 3 mo. 

In the catheterized pts, no significant differences 

could be demonstrated for right sided pressures, cardiac 
index, isometric parameters, ejection erect 108) and 
number of vessels diseased, for pts gurviving > I y 
(25/35, 712%) and pts dying < 3 mo (10/35, 29%). These pts 
could be separated however by left ventricular end 
diastolic volume (99 mi/m*, n=21, resp. 135 mi/m*, n=6, 

p < 0.002) and end sys colic volute (70 ml/m*?, n=18, resp. 
103 mi/m’, n=6, p < 0.002). Associated with this finding, 
dyskinesia and mitral incompetence oecurred more often in 
pts dying < 3 mo, than in pts surviving > } y {7/10 resp. 
3/35, and 5/10 resp. 1/35). 

Conclusion ; Age, IABP delay, left ventricular volumes 
and associated mechanical lesions are the major 
determinants of outcome in CSMI treated with IABP. 
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IDENTIFICATION OF LEFT VENTRICULAR THROMBI IN HUMANS 
-USING INDIUM-111 LABELLED AUTOLOGOUS PLATELETS 

Michael D. Ezekowitz, MRCP; Eileen 0. Smith; 

Es William Allen, MD; Joseph Leonard, MD; Carl Smith, MD; 
Garo P. Basmadjian, PhD; Fletcher B. Taylor, MD, 
University of Oklahoma Health Sciences Center, 

Oklahoma City, Okla. 





Left ventricular (LV) aneurysms following myocardial in- 
farction are associated with a significant incidence of 
mural thrombi and systemic emboli. The purpose of this 
study was to determine whether Indium-111 labelled plate- 
lets could be used for in the identification of these 
thrombi. Six patients ranging in age from 43 to 77, all 
with contrast ventriculographic evidence for a LV aneu- 
rysm located im antero~apical portion of the LV were 
studied. Four ef the 6 patients had persistent ST seg- 
ment elevation and 2 had a double precordial pulsation on 
physical examination. The time from the last infarct to 
the time of the study varied from 2 months to 10 years. 
eS Clearcut clinical evidence for systemic emboli were found 
an-3: patients. Platelets were separated from whole blood 
¿cby centrifugation. These platelets were labelled in nor- 
Mal saline at a pH of 6.5 using Indium-111 complexed to 
| S-hydroxyquineline. Imaging was performed in the ante- 
rior, LAQ and left lateral views on the day of the injec- 
tion of the platelet suspension and at one or two day in- 
‘tervals for a maximum of 8 days. Three patients had pos- 
ative studies. Two of these 3 patients required surgery 
-and in both, thrombi were-confirmed in the LV. In the 
only patient where clot:blood activity was determined, 
it was 800:1. Two of 3 patients with negative scans un- 
derwent surgery and did not have thrombi in the LV. It 
is concluded that myocardial imaging using Indium-111 la- 
belled platelets promises to be an effeetive non-invasive 
method of identifying clot within the LV. 










A COMBINED TREADMILL~SCINTISCAN SCORE TO PREDICT THE 
PRESENCE AND EXTENT OF CORONARY ARTERY DISEASE. David M. 
McCarthy, MD, FACC, Robert R. Sciacca, EngScD, David K. 
Blood, MD, FACC, and Paul J. Cannon, MD, FACC. Columbia 
University College of Physicians & Surgeons, New York, NY 


The ability to detect the presence and predict the 
axtent G# vessels) of coronary artery disease (CAD) objec- 
tively from an exercise treadmill test (ETT) and thallium 
myocardial scintiscans was evaluated using discriminant 
<c function (DF) analysis. Exercise and redistribution scans 
in the 30° LAO view were characterized by their two-dimen- 
“gional Fourier transforms. The analysis was performed in 
174- patients(pts}, including 110 with CAD (270% stenosis); 
43 pte had single-vessel (1V) and 67 pts had multiple- 
vessel (2-3V) CAD. 
Input to the analysis included age, sex, 17 variables 
from the ETT, and 36 Fourier frequency coefficients from 
each scan. Two linear DFs were constructed using 9 of the 
input variables, including: duration of exercise; peak 
double product (HR x BP); change in systolic BP during the 
last two stages of ETT; change in ST-segment slope with 
exercise; sex; and two coefficients from each scan. 
The method detected the presence of CAD in 103 of 110 
pts (94% sensitivity) and correctly classified 58 of 64 
controls (91% specificity). Multiple-vessel disease was 
correctly predicted in 54 of 67 pts with 2-3V CAD (81% 
ateuracy); another 11 pts with 2-3V CAD were predicted to 
~ have iV CAD. In contrast, only 22 of 43 pts with 1V CAD 

(SIZ were correctly classified; of the remaining 21 pts, 
were predicted to have 2-3V CAD and 5 called controls. 
The data demonstrate that numerical functions derived 
rom ETT parameters and Fourier coefficients of thallium 
- scans can be used to detect the presence of CAD with a 
high degree of accuracy. The predictive accuracy for the 
number of diseased vessels was 77% (134 of 174 pts clas- 

“sified correctly). 






ABSTRACTS 


MULTIPLE GATED ACQUISITION THALLIUM. SCINTIGRAMS WITH. COM- 
PUTER ENHANCEMENT: IMPROVED SENSITIVITY IN ASYMPTOMATIC 
MEN WITH ABNORMAL TREADMILL TESTS 

Gregory S. Uhl, MD, James R. Hickman, Jr., MD, and Thomas 
D. Kay, BS, USAF School of Aerospace Medicine, Brooks Ait 
Force Base, TX 


In asymptomatic patients, treadmill tests (TM) have poor 
sensitivity (SENS), specificity (SPEC) and predictive value 
(PV) for coronary artery disease (CAD). Rest and stress 
Thallium (Tl) scintigrams may demonstrate an improved 
diagnostic accuracy, especially when computer enhanced 

(CE) multipie-gated acquisition (MUG) TL scans are per- 
formed. One hundred asymptomatic men with abnormal TM had 
exercise. and equilibrium MUG-T1 scans done in four views. 
These were then displayed in a rotating, gated movie. Both 
unprocessed scintigrams (US) and CE MUG-Tl were interpre~ 
ted without knowledge of coronary angiography by three 
observers. CAD was defined as 250% lesion in any major 
vessel. Importantly, none of the CAD patients had a prior 
myocardial infarction, which can cause fixed perfusion de~ 
fects which may be easier to detect than reversible is~ 
chemia. This eliminated the bias for an observer tọ “de~ 
tect" reversible ischemia in a patient with a fixed defect 
since such a “positive” decision would be a “true positive” 
decision. Sixteen patients had CAD and all had abnormal - 

CE MUG-Tl scans. The effect of CE vs US is shown below: 


cE us 
SENSZ 100 (16/16) 75 (12/16) 
SPECZ 89 (75/84) 89 (75/84) 
PVZ 64 (16/24) 60. (12/20) 


Many false positive results would be expected ina popu- 
lation with only a 16% prevalence of CAD but only 9 were 
found. The use of computer enhancement in gated Tl scans 
results in improved SENS without loss of SPEC and facili- 
tates accurate comparison of stress and redistribution 
Tl scans. 


AN INTEGRATED. FORMAT FOR MULTIPLE TESTING IN CORONARY 
ARTERY DISEASE 

Howard Staniloff, MD, George Diamond, MD, Daniel Berman, 
MD, FACC, Michael Freeman, MD, Uri Elkayam, MD, Alan 
Waxman, "wD, James Forrester, MD,FACC. 

Cedars-Sinai Medical Center, los Angeles, Calif, 


New imaging techniques have improved the noninvasive de- 
tection of coronary artery disease (CAD), but difficulty 
in interpretation is often caused by discordant test re- 
sults, To investigate whether serial Bayesian analysis 
decreases this clinical uncertainty, we evaluated 18 pts 
with suspected CAD with stress ECG's, stress and redistri- 
bution thallium imaging (THAL), and exercise multiple ; 
gated equilibrium scintigraphy with Te-99m-RBCts for ejec=e 
tion fraction (LVEF) and segmental wall motion (WM) abnor- 
malities. The data were analyzed quantitatively using 
Bayes' Theorem: for each pt, a single post-test likeli- 
hood for CAD was calculated, based on a pretest estimate 
by age, sex and symptom (SYMP) and the sensitivity and 
specificity of each test, Post-test likelihood was then 
correlated with subsequent coronary angiography, There 
were 27 (30%) incorrect test and SYMP responses occurring 
in 13 of the 18 pts (SYMP 6, ECG 8, LVEF 7, WM 1, THAL 5). 
The mean pretest likelihood was 33, 15432, 6% and the post - 
test likelihood was 0.5+0.5% in the & non-CAD pts and 
98,6+2,3% in the 12 CAD pts. Therefore, serial Bayesian 
analysis of multiple imaging and nonimaging techniques 
allows accurate prediction of the probability of subse- 
quent angiographic CAD in any individual and provides a 
meaningful basis for resolving conflicting test results, 
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ABSTRACTS 


20l, IMAGING: A COMPARISON OF SINGLE PHOTON EMISSION 
COMPUTED TOMOGRAPHY AND PLANAR IMAGING EMPLOYING A 
STANDARD HEART PHANTOM. 

James L, Ritchie, MD, FACC; Stig Larson, PhD; Anders 
Israelson, PhD; Jan 1. Thorell, MD; Seattle Veterans 
Administration Hospital, Seattle, Wa., Karolinska 
Institute, Stockholm, and the University of Lund, Malmud, 
Sweden. f 


A heart phantom (U. of Iowa design) with a defect simula- 
ting a myocardial infarction was imaged by standard pla- 
nar techniques and by a single photon emission computed 
“tomographic technique (ECT). The latter used a large 
field of view camera on a circular gantry, which was com- 
puter driven to rotate about the phantom, collecting 64 
images. These were reconstructed, using filtered back 
projection, into 32.1.2 em slices and displayed in the 
transverse, frontal or saggital views. The phantom was 
- suspended in a 30 cm diameter cylindrical lucite tank 
filled with water and ŻOlT1, Heart (phantom) to tank 
activity was 2:1, mimicking that seen clinically. A 3 cm 


=> Long transmural defect (24 cc) was filled with water and 


its. midplane located 10cm from she tank exterior. Myo- 
cardial walls ( 1 em) contained 0 T1; the blood pool had 
-54.0f the wall activity. The minimum ratio of activity 

in the defect/normal wall fell to .54-.74 (rather than 0 
as expected) in planar images, and was dependent on proxi- 
mity of the defect to the face of the camera. ECT imaging 
showed minimal defect/normal ratios of .25-.42. The 3 cm 
defect was seen in only 4 of the 1.2 cm transverse slices. 
Apical and basal slices had entirely normal activity. 


We conclude that ECT 20171 imaging, employing a commer- 


cially available gamma camera system, offers improved 
defect detection, localization, and quantitation. 


PATTERNS OF DISTURBED MYOCARDIAL PERFUSION IN PATIENTS 


WITH CORONARY ARTERY DISEASE 


o Andrew Se lw: MB, MRCP; Timothy Pratt, MSc; Kim Fox, MB, 
“MRCP; Robert Steiner, MD, Postgraduate Medical School, 
‘London, U.K. 


Fifty patients with angina pectoris (AP) were studied to 
determine the relationships between disturbances of 
regional myocardial perfusion (RMP) with stress, 
exercise tolerance and coronary artery stenosis. Ail 
patients underwent a maximum ECG exercise test, left 
ventricular and coronary angiocardiography and a 
continuous assessment of RMP using krypton -81m (half- 
life, 13 sec) with a standardized atrial pacing test. 
Resting RMP was 0.72 = 0.13 mi/mi/min (50 patients). 
Eleven patients had no coronary artery disease (CAD), 
negative exercise test and uniform increases (101 łt 158) 
in EMP with pacing. The remaining 39 patients all had 

_ Significant CAD (270% stenosis), positive exercise tests 
and both increases (97 = 17%) and decreases in RMP with 
‘spacing. Ten of the 39 patients achieved 30000-43000 

Joules in positive exercise tests and RMP in an affected 


O segment increased (18 $ 7%, P =<.001) perfusion for 7~10 
“cmins ‘of pacing and then. decreased to 61 È 17% below 


i control, Twelve of the 39 patients achieved 26000-32000 
Joules in the exercise tests and RMP in the affected 
segment remained unchanged for 5-9 min. of pacing and then 
decreased (79 2 19%) during pacing. Finally 17 of 39 
patients achieved 7000-22000 Joules in the exercise tests 
and PMP in the affected segment decreased immediately with 
atrial. pacing to 81 £446 below control, Degreases in RMP 
were followed by ST segment depression (140 = 17 sec) and 
AP (250 È 21 sec) in all 39 patients. The 3 different 
patterns of disturbed PMP showed the pathophysiology that 
links chest pain, ST depression, exercise tolerance and 
coronary artery stenosis, 


CONTINUOUS MONITORING OF REGIONAL MYOCARDIAL RADIOTRACER 
KINETICS IN LABORATORY ANIMALS. Marshall L. Jacobs, M.D., 
Rebert D. Okada, M.D., H. William Strauss, M.D., Burt N. 
Fowler, M.D., John B, Newell, Dennis D. O'Keefe, M.D., 
Willard M. Daggett, M.D., FACC, Gerald M. Pohost, M.D., 
FACC, Massachusetts General Hospital, Boston, Mass. 





Previous studies of T1-201 kinetics in canine myocardium 
have employed the punch biopsy technique which is tech- 
nically difficult and provides only a few data points. We 
have developed an implantable device for continuous mea~ 
surement of regional myocardial radioisotope activity. 

The probe consists of a 2mm3 Cadmium Telluride crystal 
surrounded by 4 lead foil and housed in a 4mm (0.D.) steel 
cylinder. Collimation is such that 73% of measured acti- 
vity is within a cone of solid angle of 60°. Probe-mea- 
sured activity in serial dilutions of T1-201 vs. well- 
counter determined activity correlated well (r=0.996). 

The crystal was mounted on a modified arterial clamp and 
placed in the left ventricular cavity via an apical inci- 
sion. Sensitivity to epicardial activity is approximately 
70% of that to endocardial activity. In vivo validation 
was done in 10 dogs. After I.V. T1-201, serial biopsies 
were obtained (n=49). Probe vs. biopsy measurements cor- 
related well (r=.90). Use of 2 probes permits simultane- 
ous monitoring of an ischemic region and a normal zone. 
The probe is situated within the cavity facing outward so 
ischemic zone activity can be accurately monitered without 
normal zene background. This new device allows accurate 
and continuous monitoring cf transmural myocardial radio- 
isotope activity, which has not been possible previously 
and will permit validation of new quantitative approaches 
to T1-201 imaging as weil as experimental studies to in- 
vestigate T1-201 kinetics. In addition, this probe will 
permit serial assessment of othér radiotracer agents which 
lecalize in the myocardium. 


EFFECT OF CORONARY BLOOD FLOW AND SITE OF INJECTION ON 
99mTc-PYP DETECTION OF EARLY CANINE MYOCARDIAL INFARCTS 
Robert W. Parkey, MD, FACC; Padmakar V. Kulkarni, PhD; 
Samuel E. Lewis, MD; Gregory J. Dehmer, MD; L. Maximilian 
Buja, MD, FACC; Frederick J. Bonte, MD; James T. Willerson. 


MD, FACC, University of Texas Health Science Center, 
Dallas, TX. 


Technetium-99m stannous pyrophosphate (3 ¢-PYP) myocar- 
dial scintigraphy is capable of detecting acute myocardial 
infarcts (MI) within 24 to 96 hours after the event. To 
determine whether different means of administration or 
different physiological circumstances might allow FMT 
PYP to detect experimental canine MI within 3 hours, we 
have studied 24 anesthetized dogs. with proximal left 
anterior descending coronary artery (LAD) ligations for 

3 hours. 13 had temporary (T) LAD occlusions (occl) and 
then reflow provided; 99"Tc-P¥P (PYP) was injected into 
the LADs (1.C.) (6 dogs) and intravenously (1.V.) (7 
dogs} at time of reflow. 11 dogs had permanent LAD occls 
(P) followed by IC (5) or I.V. injections (6) 3 hours 
later. LV MI and non MI tissue were obtained for well 
counting 2 hours after PYP administration. T LAD occls 
with I.C, PYP injections resulted in central MI subendo- 
cardial (SE) concentrations of PYP of 88420 (S.E.) while 
I.V. injections resulted in PYP concentrations of 4048.7 
(p<0.05) times normal LV tissue values. With P LAD occls 
I.C. produced PYP SE concentrations of 420.9 and I.V. of 
2+0.5. In vivo scintigraphic visualization of MI was 
routinely possible only with I.C. and IV. injections in 
the T LAD occl animals. The data demonstrate that very 
early MIs, within 3 hours, may be detected with PYP if 
reflow to the MI is excellent and/or if. IC injection 
beycnd a site of complete occ] 1s provided. The more 
delayed development of an abnormal PYP scintigram with 
acute MI appears to be importantly related to lack cf 
adequate flow to MI. 
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GLUCOSE METABOLISM OF REGIONAL MYOCARDIAL ISCHEMIA EVAL- 

UATED BY 18FLUORO-2-DEOXYGLUCOSE AND POSITRON EMISSION 

- COMPUTED TOMOGRAPHY. Heinrich Schelbert, M.D., Michael 
‘Phelps, Ph.D., Carl Selin, M.S., Edward Hoffman, Ph.D., 
David Kuhl, M.D.; UCLA School of Medicine, Los Angeles, CA. 


Glycolysis is known to increase in acute myocardial 
ischemia. The possibility of demonstrating this metabolic 
alteration noninvasively by positron emission computed 
< axial tomography (PCT) and the glucose analog *°fluoro-2- 
--deoxyglucose (FDG) was examined in 5 dogs. Ischemia was 
“anduced by stenosing the anterior descending coronary 
“artery (LAD) and atrial pacing. O, and glucose consump- 
--tion.and lactic acid production in the LAD distribution 
-Were determined by arterial and coronary venous blood 
sampling and myocardial blood flow (MBF) by microspheres. 
Ischemia was induced twice in each dog: For assessment of 
a) MBF by N-13 ammonia and PCT and b} regional myocardial 
glucose uptake by PCT imaging of the myocardial FDG dis- 
“tribution. During pacing, MBF increased in normal myo- 
_oeardium by 27.5%, but fell in the LAD distribution from 
“83.2 to 62.7 ml/min/mg (p<.03). MVO2 fell from 8.4 to 6.6 
“wal /min/100gm (p<.01). Glucose consumption increased from 
4.97-to 7.64 mg/min/100gm (p<.03}. Lactic acid production 
Was variable but increased for the entire group (0.97 to 
“-2.98-mg/min/100gm; NS). On the PCT images MBF in the LAD 
“distribution decreased by 47.2% but FDG concentration by 
sonly 18.6% (p<.01) as compared to control segments. This 
mismatch" was clearly visualized by PCT. Using invitro 
sué counting, FDG concentrations in normal myocardium 
vere. related linearly to MBF. In segments with MBF's <60 
mi/min/100gm the FDG/MBF ratio was 2.3 times above control 
(p<.01). Thus, a relative increase in glucose uptake 
= occurs in acute myocardial. ischemia that can be demon- 
—<strated noninvasively by PCT. We conclude that FDG and 
< PCT may permit characterization of the changes in region- 
“al metabolism associated with acute myocardial ischemia. 






















LABELED METABOLIC SUBSTRATES FOR POSITIVE IMAGING IN 
ISCHEMIA 

Roger M. Allan, MB: Andrew P. Selwyn, MRCP: Colin C.G. 
MacArthur, MRCP, Royal Postgraduate Medical School, 
London, UK. 





Positron emission tomography allows non-invasive moni- 
itoring of the uptake and clearance by the heart of 
natural substrates labeled with carbon-1l. To assess 
“the value of labeled acetate (Ac) and palmitate (Pa) for 
“such studies, the myocardial kinetics following bolus 
_dpjections:of (1-14c)-substrates were investigated in the 
< openzchest dog, with and without coronary artery (CA) 
-ocd Lusion. Aortic and coronary sinus blood samples and 
serial myocardial biopsies from ischemic (Is) and non- 
ischemic (NIs} muscle were collected. Ac extraction 
was 60.7 2 3,3% (SEM). CA occlusion was produced 1.5 
min after injection and at that time 3.7 f 0.3% of the 
injected dose was in the myocardium. Efflux of activity 
from NIs muscle (th=4.1 min) was more rapid than from Is 
muscle (th=10.0 min) so that after 7 min of ischemia the 
ratio of activity Is:NIs exceeded 2.4. The ratio of 
activity in NIs muscle to that in arterial blood exceeded 
2.8 at this time. Lung activity was always less than 
30% of that in NIs myocardium. Ac concentrated in the 
liver and the liver:NI ratio was 1.5 at 6 min. 
Pa extraction was 37.4 ÈÌ 1.4% and initial efflux of 
activity from NIs was much slower (t=14 min} than for 
Be. 
We conclude that the greater extraction and different 
netics of Ac make it more suitable than Pa for 
as ssing altered myocardial metabolism during ischemia 
using physiological tomography. The significant reten- 
@n-of labeled Ac in acutely ischemic myocardium 
provides a new approach to positive imaging of 





QUANTITATION OF REGIONAL MYOCARDIAL. BLOOD FLOW BY 
POSITRON EMISSION TOMOGRAPHY; Gerald Wisenberg, M.D., 
Heinrich Schelbert, M.D., Edward Hoffman, Ph.D., Henry 
Huang, D.Sc., Michael Phelps, Ph.D., Dave Skorton, M.D., 
John Child, M.D., UCLA School of Medicine, Los Angeles, CA, 


This study was undertaken to demonstrate the ability 
of positron emission tomography (PCT) to accurately 
measure myocardial indicator concentrations and thus 
regional myocardial blood flow (RMBF). Gated PCT imaging 
was performed in 7 open chest dogs after left atrial in- 
jection of gamma-~emitting and Ga-68 positron emitting 
microspheres. Two dogs. were studied at control and 5 
during circumflex ischemia or hyperemia (RMBF range .01 
to 4.6ml/min/gm). RMBF determined in vivo from regions- 
of-interest on PCT images was compared to RMBF calculated =: 
in vitro after sacrifice by tissue counting and the artere 
ial reference technique. According to phantom studies joc 
count recovery with PCT is dependent on object size and- 
thus on wall thickness (WT). Therefore, WT was measured: =. 
a) postmortem and b) “in vivo by echocardiography, 3. dogs 
having 2-D studies and 4 having M-mode... The echocardio< 
graphic diastolic measurements matched precisely the’. 
postmortem data. PCT measured RMBF corrected and ui- 
corrected for WT effect correlated with in vitro measured 
RMBF by -y=.007+.99x(SEE 0.12ml/min/gm), r= 799, and y= ee 
.05+.60x(SEE 0.14mi/min/gm), r=.98 (n=84), respectively. $ 
Count recovery for a given region increased in pröportion <>. 
to the systolic increase in WI, as measured by echocardio- =. 


gram. We conclude that a) RMBF can be quantitated im vives%: 


by PCT when corrections are made for WT effect; b) These : 
corrections can be made accurately. using echocardiographic 
WT measurements; and c} systolic wall thickening, as an 
index of regional function, can be estimated from the 
change in regional count recovery from diastole to 
systole. 


TOMOGRAPHIC QUANTIFICATION OF REGIONAL MYOCARDIAL 
METABOLISM IN. VIVO 

Rene Lerch, MD; Michel M. Ter-Pogossian, PhD; Burton È, 
Sobel, MD, FACC, Washington University, St. Louis, Mo. 


We have recently quantified infarction in man with cycloe- 
tron-produced 11C-palmitate and positron tomography. 
However, it has not yet been possible to quantify re- 
gional metabolism in vivo. In this study, 10 mCi of ie. 
palmitate were administered i.v. to 7 dogs at rest and 
after augmentation of cardiac work with i.v. atropine of 
paired pacing to determine whether regional metabolic 
rates remained homogeneous within each heart regardless. 
of changed overall metabolism in response to physiologi- 
cal demand. A fast-scan tomograph (PETT V), developed to 
permit rapid acquisition of data, was employed to acquire 

C-palmitate time-activity data from multiple, 1.5 em 
regions of myocardium from each heart. Curves were con- 
sistently bi-exponential and similar to those seen in 
isolated perfused hearts. In dogs at rest the metabolic 
rate of ! C-palmitate initially incorporated into neutral 
lipids was first order from 5 to 15 min after injection 
(average r = .99) with an average rate constant (kz) of 
.067 + .005 (SE) min-! that varied regionally by only 
9.5 + 1.6% {n = 20 regions from 7 dogs). After atropine, 
sufficient to double heart rate, or paired pacing 
regional metabolic rates increased but remained homo- 
geneous within each heart varying ‘by only 6.6 + 1.4% and 
10.4 + 2.5%. Thus, regional metabolic rates remain 
homogeneous in the normal heart over a wide range of 
global metabolic demands in vivo. Accordingly, hetero- 
geneity independent of global demands and detectable by 
positron tomography should permit sensitive localization 
of myocardium reversibly compromised by ischemia in 
patients under conditions of rest or stress. 
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A NEW ULTRASOUND TECHNIQUE FOR ASSESSMENT OF FEMORAL VAS- 
CULAR ANATOMY BEFORE AND AFTER CARDIAC CATHETERIZATION 
(CC) IN CHILDREN AND INFANTS David J. Sahn, MD, FACC; 
Mark J. Friedman, MD; Lothar W. Lange, MD; Hugh D. Allen, 
MD, FACC; Stanley J. Goldberg, MD, FACC; Dept. of Peds., 
University of Arizona Health Sciences Center, Tucson, AZ 
In this study, we applied a new electronically focused 
9 MHz real-time ultrasound device with total examination 
depth of 4 cm and range gated pulsed Doppler capability to 
evaluate the anatomy of the femoral artery (FA) and femo- 
ral vein (FV) before and serially after percutaneous CC in 
45 patients aged 6 wks-16 yrs. FA and FV size at the level 
of the inguinal ligament correlated poorly with age and 
with body surface area (all correlations r<+0.45). None- 
theless, individual. imaging of FA size allowed location of 
vessels and selection of catheters 2mm less than the dia- 
meter of the FA, resulting in continued flow around the 
catheter during the procedure. Serial studies after CC re- 
vealed characteristic patterns for types of vascular dam- 
age. Needle holes with hematomata anterior or posterior to 
the FA (m=13) or vein (n=6) have been easily identified. A 
pattern of thickened. FA walls with long segment reduction 
of lumen size has characterized spasm, which in associa- 
tion with continued..distal pulsation and Doppler flow in 
29 children, allowed prediction of full recovery. The re- 
solution of FA spasm was serially imaged in 23. Late stu- 
dies >6 months after CC in 14 have revealed no discrepancy 
in FA size or appearance between the catheterized and the 
control side. Images of torn endothelial flaps (n=4) and 
absence of distal pulsatile Doppler flow allowed early re- 
cognition of irreversible vascular damage requiring surgi- 
. cal revision, at which time the ultrasound observations 
were verified anatomically. This new ultrasound technique 
allows assessment of femoral vascular anatomy prior to CC 
and appears to aid definition of the short and long term 
effects of percutaneous femoral catheterization. 


WIDE-ANGLE TWO-DIMENSIONAL ECHOCARDIOGRAPHIC ASSESSMENT 
OF FETAL CARDIAC ANATOMY 

James C. Huhta, MD; Donald J. Hagler, MD, FACC; Philip B. 
Bailey, MD; Charles R. Fish, MD, Mayo Clinic, Rochester, 
MN. 


The reliability of two-dimensional echocardiographic (2DE) 
assessment of fetal cardiac anatomy was analyzed in 16 
consecutive fetuses varying from 4-9 mo gestation. 
Whereas previous studies have used M-mode and 2DE linear- 
array imaging systems, this study investigated wide-angle 
phased-array 2DE for this purpose. 2DE fetal (intra- 
uterine) examination was performed with 2.25- and 3.5-MHz 
transducers placed over the maternal abdominal wall. 
Scans obtained in 11 patients simulated parasternal long- 
and shert-axis and apical four-chamber views, which 
allowed assessment of all cardiac chambers, valves, and 
great arteries. In 3.patients, only two scans were 
possible, and in the remaining 2 patients only one view 
could consistently be obtained (usually subxiphoid four- 
chamber and long-axis scans). In all patients the 
examination allowed detection of all four cardiac chambers 
and at least one semilunar valve, Mitral-semilunar valve 
continuity was detected in all. No abnormalities were 
“discovered. With the occiput-posterior position, imaging 
quality was enhanced; breech positioning did not affect 
imaging quality. Fetal movement hampered imaging in some 
cases, most commonly before 7 mo gestation. 2DE can be 
used for complete imaging of intrauterine fetal cardiac 
anatomy during the last. 2 trimesters of gestation in 70% 
of patients, and in the others, ventricular and atrio- 
ventricular valve anatomy can be defined. 





WIDE-ANGLE TWO-DIMENSIONAL ECHOCARDIOGRAPHIC CRITERIA FOR 
VENTRICULAR MORPHOLOGY 

Donald J. Hagler, MD, FACC; Abdul J. Tajik, MB, FACC; 
James B. Seward, MD, FACC; Douglas D. Mair, MD, FACC; 
Donald G. Ritter, MD, FACC, Mayo Clinic, Rochester, MN. 





Wide-angle two-dimensional echocardiography (2DE) was used 
to establish criteria for recognition of ventricular situs 
and ventricular morphology in 20 patients (age k to 58 yr) 
with atrioventricular (AV) discordance in comparison with 
20 normal subjects (age 1 day to 60 yr). Ventricular 
morphology was characterized in.all by (1) AV valve 
position relative to ventricular septum, (2) papillary 
muscie (PM) arrangement (two discrete vs. multiple and 
irregular), and (3} type of trabeculation (coarse vs. 
fine}. Supportive but less reliable criteria were AV 
valve configuration {bi~ vs. tri-leaflet), basic ventric- 
ular shape, and presence or absence of mitral~semilunar 
continuity to allow a long-axis scan of the left ventric- 
ular outflow tract. Left ventricle was recognized by an 
AY valve that was attached more superiorly and had a fish- 
mouth (bicommissural) appearance in diastole, presence of 
two discrete PM, fine trabecular pattern, mitral~semilunar 
continuity, and ellipsoid shape. Right ventricle was 
recognized by an AV valve that was attached more inferi- 
orly and had a triangular (tricommissural) appearance in 
diastole, presence of multiple, irregular PM and coarse 
trabecular pattern, AV-semilunar valve discontinuity, and 
triangular ventricle shape. From these criteria, 2DE 
provided reliable noninvasive determination of ventricular 
situs and morphology. 


TWO DIMENSIONAL ECHOCARDIOGRAPHIC FEATURES OF 
CORRECTED TRANSPOSITION 

Rodney A. Foale, MRCP; Lino Stefanini, MD, Anthony F. Rickards 
MRCP; Jane Somerville, MD, FACC, The Notional Heart Hospital 
and Cardiothoracic Institute, London, U.K. 


The value of two dimensional echocardiography (2 D echo) in the 
diagnosis of corrected transposition (TG) defined os atrio- 
ventricular (AV) and ventriculo-arterial (VA): discordance with a 
left sided anterior aorta, has been examined in 10 patients with 
this diagnosis proven by angiocardiography, & patients undergoing 
subsequent surgery. 2 D echo criteria for atrial situs included the 
recognition of vena caval, hepatic and pulmonary venous return to 
atrial chambers. A right ventricular morphology of the systemic 
ventricle was diagnosed by the more caudal attachment of its 
associated AV ring to the interventricular septum (1VS), a 3 cusped 
AV valve and the diffuse ventricular insertion of chordae tendinae 
(CT). A left ventricle draining a right-atrium was defined by o 
mitral AV valve morphology and by CT insertion to discrete 
papillary muscle groups. Scanning the ultrasonic plone superialy 
identified infundibulum beneath systemic vessel, the pulmonary 
artery being defined as moving posteriorly and bifurcating. AV 
discordance was recognised in all patients studied, the most 
cheracteristic feature being reversal of the normal pattern of 
attachment of the tricuspid valve ring to the right of the IVS. VA 
discordance was diagnosed in 7 patients as scanning superiorly 
resulted in loss of echo definition of the great vessels in 3 patients. 


Using a segmental approach with the criteria described the AV and 
VA connections of corrected TGA may be correctly diagnosed. 
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FACTORS AFFECTING REAL-TIME CROSS-SECTIONAL (2D) ECHOCAR- 
DIOGRAPHIC (ECHO) IMAGING OF VENTRICULAR SEPTAL DEFECTS 
NSD) Jesus M. Canale, MD, David J. Sahn, MD, FACC, Hugh 
DicAblen, MD, FACC, Stanley J. Goldberg, MD, FACC; Dept of 
Peds. , Univ. of Az. Health Sciences Ctr., Tucson, Az. 
Recent: studies suggest good prospective accuracy for 2D 
echo imaging of VSDs. In this study we obtained 2D images 
“with a dynamically focused phased array (3.5 MHz) scanner 
“from 32° patients proven by cardiac cath to have isolated 
membranous VSD. All 32 had VSDs imaged on long axis, apex 
‘< -chamber and subxiphoid echo views. The smallest VSD im- 
‘aged -was 2mm, the largest 23mm. The imaged size of VSDs 
differed markedly between end diastcle (D) and end systole 
(8) by paired T test: For long axis (D=8.9+0.9(SE)mm, S= 
5,340.8 mm), apex 4-chamber (D=11.721i.lmm, $=5.810. 9mm), 
subxipheid (D=8.511.0, S=4.820.9mm) (all p<0.005). VSD 
size also varied between views with no predictive rela- 
tionship except between apex and subxiphoid 4-chamber 
views in D (r= +0.70, p<0.001). This agreed with qualita- 
tive direct observations of an ellipsoid or irregularly 
shaped VSD in 14 of 16 operated patients. VSD size on echo 
could be used to separate large (QP:QS>2.5:1) from small 
šhunts in D and S only if the largest VSD size between all 
“<wiews was used, mean in D=13.6¢1.0mm for large shunts vs. 
oJs?£1,0mm, for small, p<0.005, and in S=7.5+1.0mm for 
= Sarge vs. 4.140.7?mm for small shunts, p<0.01. Review of 
= 250 -studies from patients proven not to have a VSD re- 
= vealed 28 individual views with false + VSD. None of the 
\ false + VSDs were imaged consistently on all views. Addi- 
tionally, a "T" artifact (broadening of septal edges 
around a VSD) has been found to be a reliable marker of 
‘rue VSD imaging. In order to best achieve some quantifi- 
cation of VSB size and to avoid false +, it is necessary 
o to use miltiple views and to consider the marked changes 
-in VSD size which occur between diastole and systole. 





































CROSS-SECTIONAL ECHOCARDIOGRAPHIC EVALUATION OF CORONARY 
ARTERY ABNORMALITIES IN CHILDREN 


Randall L. Caldwell, MD, FACC; Arthur Weyman, MD, FACC; 
Reger A. Hurwitz, MD, FACC; Donald A. Girod, MD, FACC; 
Harvey Feigenbaum, MD, FACC, Indiana University Hospitals, 
Indianapolis, Indiana 


; Our purpose was to determine the ability of cress- 
sectional echocardiography (CSE) to record the proximal 
“goronary arteries in children and to determine if congen- 

ital abnormalities of the coronary arteries would be 
demonstrated by CSE. To determine the ability of CSE to 
record the proximal coronary arteries, 66 children with 
normal coronary arteries demonstrated. at catheterization 
and normally related great vessels were studied. The mean 
age was 5, g years, with 13 (20%) being less than 1 year of 
age. The proximal left coronary artery (LCA) was recorded 
in 89% (59/66) and was 18% + 4% of the aortic root diam- 
eter, The proximal right coronary artery (RCA) was 
recorded in 50% (33/66) and was 16% + 3% of the aortic 
root diameter. Of the infants one year of age and under, 
the LCA was recorded in 85% (11/13); whereas, the RCA was 
recorded in only 31% (4/13). 
During the past two years 10 patients were noted to 
have larger than expected proximal coronary artery dimen- 
costons. Of the seven having a large RCA, five had anom- 
alous WA arising from the pulponery artery with a dilated 
@ tortuous RCA, The other two having a dilated RCA had 
BCA fistula. All three patients having a dilated LCA 
had e LCA fistula. 
-Ne have therefore demonstrated that the proximal 
onary arteries can be recorded by CSE in the majority 
of children, and CSE may be helpful in evaluating for 
possible abnormalities of the coronary arteries. 
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EVALUATION OF LEFT VENTRICULAR FUNCTION DURING UPRIGHT 
EXERCISE USING CONTINUOUS ECHOCARDIOGRAPHIC MONITORING 
(CEM) 

Brenda E. Armstrong, MD, Gerald A. Serwer, MD, Page. A.W. 
Anderson, MD, FACC, Duke University, Durham, N.C. 


Noninvasive evaluation of cardiovascular adjustments to up~ 
right submaximal (SE) and maximal éxercisé (ME) was inves< 
tigated as a method for evaluation -of cardiac function in — 
children and adults. Change in echocardiographically de= 
fined parameters as a-fumction of ‘the degree of exercise o 
performed was investigated in normal (N) and cardiomyo- 
pathic (C patients (pts). Pts performed work ona treads — 
mill until. exhaustion. Heart rate. (HR), blood pressure (BP) o 
and left ventricular (LV) minor axis were continuously” 
monitored with data being obtained every 30sec during. 
exercise. LV end-diastolic dimension (LVEDD), LV end-ays- 
tolic dimension: (LVESD), and % fractional shortening (ZFS) 
were measured. Data was analysed as a function of the % of 
total work performed. Group I({N)(n=11) ages 4-29yrs, was 
comprised of normal subjects. Group I1(C)(n=4) ages 8-16 
yrs, had a cardiomyopathy, In N: Endurance times. (ET) were 
10-23min. HR and systolic BP rose to peak levels at 60-80% 
of ME and remained constant. LVEDD initially decreased or. 
remained unchanged and then gradually rose to above resting 
values by 70-80% of ME. LVESD progressively decreased to“. 
reach a constant value by 60-80% of ME. ZFS gradually in- 
creased throughout exercise due to a decreasing LVESD. at ; 
SE and due to increasing LVEDD at ME. In C: ET was 8-15ainy = 
LVEDD remained constant or rose slightly during SE and ME.” 
LVESD paralleled changes in LVEDD and did not show a de- 
crease.as in N. Unlike N, ZFS never increased and had 
fallen by ME. Thus, the major adjustment to exercise in C 
was increasing HR unlike N who showed an increase in beth 
HR and ZFS. CEM during SE and ME provides a description of 
how LV adaptation to exercise is modified in the presence 
of cardiac dysfunction. 


Emax DURING EXERCISE IN CHILDREN WITH LEFT~SIDED CARDIAC 
DISEASE. 

Bruce Alpert MD, Lee Benson MD, Peter Olley MB,FACC 

The Medical College of Georgia, Augusta, GA 


Emax, the peak ratio of left ventricular (LV) systolic 
pressure (P) / systolic volume (V), is an index of 
contractility independent of both preload and afterload. 
Experimental animal and adult investigations have shown 
its potential usefulness. We studied 17 children during 
catheterization by a combined high-fidelity catheter and 
m-mode echo technique. The diagnoses were: LV pressure 
{P) load, aortic (A) stenosis (5S), Group (Gr) Ia, 1=5, 
and coarctation, Gr Ib, n=5; LV volume (V) overload from 
either A or mitral regurgitation (R), Gr II, n=3; V+P 
load, AS + AR, Gr III, n=3; congestive cardiomyopathy 
(CC), Gr IV, n=1, Emax, indexed for body surface area, 
was calculated at rest and during supine exercise (Ex) at 
25% and 50% of maximal upright workload: 


Group Resting 25% Ex 502 Ex 

Ia 2.69 + 1.65 3.39 + 1.39 - 

Ib 3.53 + 1.34 5.83 + 3.72 6.60 t 5,29 
IIE 1.19 + 0.70 1.09 + 0.79 1.75 + 1.49 
III 3.70 + 2.13 3.83 - 

IV 1.01 1.21 1,27 


Compared to the indexed adult normal value, approximately 
1.9 + 0.3, LV P and P+V load (Gr I + III) patients (pts) 
had normal or increased Emax values at rest, while V and 
CC pts (Gr II + IV) had decreased values. The P pts 
showed expected increases in Emax with exercise. The V 
and CC pts, however, did not show this increase, The 

V+P patients, whose resting values were above normal, 
also showed no increase with exericse, indicating. poor 
contractile reserve, Emax in children seems to be a aoe 
sensitive index of contractility during physiologic stress ~ 
and can be used to assess LV functional reserve. capacity. 
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EXERCISE CAPACITY AFTER VALVE REPLACEMENT. IN CHILDREN 
=, AND ADOLESCENTS 
Robert A. Mathews, M.D; Sang C. Park, M.D., FAAC; William 
H. Neches, M.D., FAAC; Frederick J. Fricker, M.D; Cora C. 
Lenox, M.D., FAAC; James R. Zuberbuhler, M.D., FAAC 
Division of Pediatric Cardiology, University of Pittsburgh, 
School of Medicine, Pittsburgh, Pa. 

: Twenty pediatric patients who have undergone valve 
replacement (VR) were studied by bicycle exercise testing. 
The patients underwent VR from 8 to 17 yr. of age (mean, 
13 yr). Ten had mechanical VR and 10 have undergone 
porcine xenograft VE. Nine patients had VR in the aortic 
position; 6 had mitral VR; 2 had pulmonary VR and 3 had 
their tricuspid valve replaced. All have promptly resumed 
normal activities after surgery and have been followed 
from 6 to 90 months (mean, 36 mo) after VR. At post- 
operative cardiac catheterization most had minimal gra- 
deints across the replaced valve. 

Exercise testing to maximal levels by bicycle ergo- 
metry- revealed normal exercise tolerance with all 
patients achieving at least 75% of expected normal values. 

Cardiac output during exercise determined by con- 
tinuously measuring oxygen consumption was normal. No 
significant. arrhythmias or ischemia was precipitated by 
exercise and blood pressure response was normal in all 
patients, 

Qur results indicate that most pediatric patients 
undergoing VR have a normal exercise response postopera- 

“tively. Stringent restrictions of physical activity in 

these patients may not be warranted. 


1 SYSTEMIC VENTRICULAR FUNCTION IN PATIENTS WITH CONGENITAL 


‘ HEART DISEASE REPAIRED DURING INFANCY. Kenneth M. Borow, 


cM, Des; Laurence H. Green, M.D.; John F. Keane, M.D.; Aldo 
R. Castaneda, M.D., FACC}; Michael D. Freed, M.D., FACC. 
Children’s Hospital Medical Center and Peter Bent Brigham 
Hospital, Boston, Massachusetts. 


Work~function (WF) curves relating systemic ventricular 
(SV) end diastolic pressure {EDP} to minute work index 
(MWI) were used to assess ventricular performance in 6 
patients (pts) with tetralogy of Fallot (TOF), 9 with d- 
transposition of the great arteries (TGA) and 2 with ven- 
tricular septal defects (VSD). All pts underwent repair 
prior to 18 months of age and were found to have excellent 
anatomic results by catheterization when studied 12 to 47 
months {mean=15) following repair. The TOF pts and non- 
operated controls have previously been shown to have simi- 
Lar WF curves. WF curves were generated by increasing 
afterload by methoxamine infusion and measuring EDP, mean 
o SV. systolic pressure and cardiac index (CI). Heart rate 
“was kept constant. The siepes. fm) of the WF curves were 
“sealoulated for each pt's EDP vs MWI. A SV with asteep m 
(large “increase in NWI- for small increase in EDP) has su- 
-perior function when compared with a SV with a less steep m. 





VSD. TOF TGA 

Meant+SEM P Mean+SEM P Mean+SEM 
HR 122 + 2,0 NS 117 + 7.0 NS 111 + 8.0 
EDP 6.5 + 6.5 NS 6.8 + 1.0 *.05 4.0 + 0.4 
cI 3.3 + 0.4 NS 4.4 + 0.2 <.02 3.5 + 0.2 
MWI 5.0 + 0.9 NS §.1+ 6.2 <.001 3.7 + 0.2 
m 1.05 + .05 NS 1.04 + 0.12 <.02 0.65 + .08 
Despite normal SV function at rest in all pts, the m of 


the WF curves were depressed in pts with repaired TGA when 
compared to age matched pts after repair of TOF and VSD. 
This suggests that. at early post-operative follow-up, an 
afterload stress can unmask SV dysfunction in TGA pts. 





CAN EJECTION FRACTION BE MEASURED NON-INVASIVELY IN 

CHILDREN AFTER VENTRICULAR SEPTAL PATCHING? 

Roger A. Hurwitz, MD, FACC; Aslam Siddiqui, MD; Donald A. 
rod, š i ry . Caldwell, MD, FACC; Indiana 

University Hospitals; Indianapolis, Indiana 


Ejection fraction (EF), currently ccensidered a major 
indicator of ventricular performance, is most reliably 
measured at cardiac catheterization. Though non-invasive 
assessment of EF by M mode echocardiography. correlates 
reasonably well with catheterization results, ‘the accuracy 
of M mode echo measurement of ventricular dimensions 
following open-heart surgery is questionable. Radio- 
nuclide angiography (RA) has also been successful in 
determination of EF in adults. Therefore, this: study was 
undertaken to compare the left ventricular EF obtained by 
1) M mode echo; 2) quantitative RA; and 3) cardiac 
catheterization in 17 children following cardiac surgery 
in which the ventricular septum was patched. Mean EF by 
all methods ranged from 61-63%. “However, M mode echo did 
not correlate with cardiac catheterization (r=.15). RA 
quantitation of EF had significantly better agreement. with 
the hemodynamic results (r=.74).. The radio-isotope method 
identified all 4 patients of the group (EF < 50%) with 
significant cardiomegaly and clinical evidence of depres- 
sed ventricular function. Assuming cardiac catheter- 
ization determined EF to be the standard, this study sug- 
geste that M mode echo is not reliable in evaluating EF 
in children after open-heart surgery involving the 
ventricular septum. However, EF measured by RA has good 
correlation with EF determined by cardiac catheterization. 
Thus, it should be possible to non-invasively quantitate 
ventricular performance of children following cardiac 
surgery involving septal patching by measuring EF with 
quantitative radionuclide angiography. 


EVALUATION OF CARDIAC CHAMBER SIZE AND LEFT VENTRICULAR 
FUNCTION IN CHILDREN USING TWO DIMENSIONAL APEX 
ECHOCARDIOGRAPHY 

Thomas G. DiSessa,4D; Jason H. Kirkman, MD; Ching C. Ti, 
MD; Arthur D. Hagan, MD, FACC; Stanley E. Kirkpatrick, MB, 
FACE; William F. Friedman, MD, FACC, UCLA Medical Center, 
Los Angeles, California 

The ability of two dimensional (2-D) apex echocardiography 
to measure chamber size and left ventricular (LV) function 
was avaluated in 24 normal subjects and 22 children alse 
studied by angiography. From the apical 4-chamber (4C) 
view the end diastolic area of the left (LVA) and right 
(RVA) ventricles and end systolic area of the left {LAA) 
and right (RAA) atria-and left ventricle were planimeterad; 
LV end diastolic and systolic volumes. (LVEDV, LVESV) were 
calculated by the Dodge single plane area~length method 
LVED¥Y and LVESY were also calculated from the apical 2- 
chamber (2C) view areas. LY stroke volume (LVSV) and 
ejection fraction {LVEF} were compared to data obtained 
from single plane right anterior oblique angiograms. For 
27 normals a linear relationship existed between LVA, RVA, 
LAA, RAA, and body surface area (r = 0.95, 0.92, 0.88, and 
0.86 respectively). Compared to normals, RVA and RAA were 
> 952 confidence limits in patients with atrial septal 
defects (n=3}), tricuspid (n=1) and pulmonic {n=1) regurgi- 
tation; LVA and LAA were > 95% confidence limits in 
patients with patent ductus arteriosus {n=4), ventricular 
septal defects (n=2), mitral regurgitation (n=2) and LV 
out flow tract obstruction (n=2). Four patients with 
endocardial cushion defects had enlargement of three or 
four chambers. The LVA/RVA and LAA/RAA ratios also 
allowed for prediction of chamber enlargement. LVEDV, LVSV, 
and LVEF echo 2C and 4C views correlated well with angio 
values (2C r = 0.96, 0.96, 0.70, 4C r = 0:94, 0.97, 0.76 
respectively). Thus 2-D apex echocardiography is an 


agcyrat „means of predicting chamber size and measuring 
unction. 
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EXERCISE TESTING IN CORONARY DISEASE 
2:00-3:30 i 


RELATION OF TREADMILL EXERCISE RESULTS TO FLOW-LIMITATION 
AND PERFUSION-SIZE OF THE AFFECTED CORONARY ARTERY 


Geun- C. Jang, M.D., Sergio E. Schabelman, M.D., and 
c Roy V. Jutzy, M.D., F.A.C.C., Loma Linda University 
_ Medical Center, Loma Linda, CA. 


To assess if the results of treadmill exercise test has 
any relation to the size of myocardial segment perfused, 
vcsadditional to the flow-limitation of the obstructed 
-coronary artery, we studied 23 consecutive patients (pts) 

who had treadmill test (IMT) and coronary arteriogram. 

Segmental perfusion area (SPA) associated with the dis- 

: eased artery distal to the lesion was obtained from the 
coronary cine of each patient by a computer program de- 
veloped and verified, based on a truncated-ellipsoidal LV 
model. SPA is expressed as % of total LV surface area. 

: There were 19/23 males (83%). Positive TMTs with 221 mm 

> ST depression were in 16/23 pts (70%). Cross-sectional 

“stenosis of 275% of at least one vessel were in 19/23 
“pts (83%). With coronary stenosis 275%, TMT sensitivity 

= 46-L004-4f the coronary lesion distal to obstruction has 

_ SPA 22407 and specificity is 100% if the lesion has SPA 

£297: Conversely, SPA 29% has zero false positive 

results and SPA ©40% has zero false negative results. 


Sensi- Speci~ False False Predictive (p) 











Se) tivity ficity (+) (-) _ Value 

Stenosis 

(2752) 79° 75) 5 2 19% <.05 
(E) CPA 1.00 1:00 .00 .00 1.00 <.001 





407/4297) 


; These data suggest that the TMT result is a function 
of both the degree of flow-limitation and the size of 
perfusion-segment distal to the- lesion. Thus, it may be 

“Indicating that the false negative results do not occur 
in coronary lesions with large SPA and the false positive 
“results not in small SPA. 


BODY SURFACE DISTRIBUTION OF ST: DEPRESSION DURING EXERCISE 
TESTING IN PATIENTS WITH CORONARY ARTERY DISEASE 

G.M. Vincent, MD, FACC; RiL. Lux, PhD; D. Davis, RCT; 

F. Yanowitz, MD, FACC; M. Merchant, MS; LDS Hospital and 
University of Utah, Salt Lake City, Utah 





During exercise treadmill testing (ETT) ST depression is 
the usual endpoint to define ischemic heart disease (IHD). 
To determine the torso distribution of ST depression in 
THD, we recorded 32 lead potential maps, and 12 lead ECGs, 
during ETT in 12 subjects with a known positive ETT and 
i angiographically proven coronary artery disease, selected 
». from-70 subjects who have undergone exercise mapping. The 
i ST segment area in each lead was calculated by integrating 
<: the ECG over an 80 msec interval following the end of the 

QRS, The body surface ST distribution at 192 sites was 
estimated by transforming the 32°calculated ST areas using 
the limited lead map estimation technique of Lux et al. 
Four to 14 beats were averaged to reduce noise and base- 
line artifact. Baselines were defined between adjacent 
| P-R segments. = 

Five of 12 patients had peak ST depression more inferior 
and/or lateral than V4-6 leads so that V4- did not sample 
the peak ST change. Also, the distribution null line be- 
tween ST elevation and ST depression often occurred be- 
tween V3 and V5 positions, with steep gradients, so that 
small changes in electrode location in V4.6 area might 
substantially modify whether ST depression, no shift, or 
> ST elevation was recorded. 

The results indicate that more extensive sampling during 
ETT is appropriate, particularly with electrodes placed 
inferior and lateral to V4-6 locations. This may increase 
accuracy of ETT by 1) detecting those patients with ST de- 
ression outside usual sampled areas or 2) more accurately 
reflecting significant ST depression where ST depression 
mplitude is low and sampling from V4-6 (in ST distribu- 

- tien periphery) yields negative or borderline results. 





ABSTRACTS 


VARIABILITY OF TREADMILL EXERCISE TESTING RESULTS IN 
PATIENTS WITH ANGINA PECTORIS 

Mark Moody, MD; Mark Starling, MD; Michael Crawford, MD, 
FACC; Bernard Levi, MD; Robert O'Rourke, MD, FACC,.Uni- 
versity of Texas Health Science Center and Veterans Ad- 
ministration Hospital, San Antonio, Texas. 


As a prelude to evaluating the efficacy of new antianginal 
medications, we assessed the day one (D;). to day 2 (Də) 
and the same day control (C) to post-placebo (P1) repro- 
ducibility of graded treadmiil ECG exercise testing (ET) 
done under similar conditions in a randomized double-blind 
fashion. The 23 patients (pts) studied had documented 
coronary artery disease and stable angina pectoris. (AP) 
with ischemic ST segment depression (STs) and AP on one 
or more prior ETs. The time in minutes (+150) to AP, STs 
and maximal exercise (maxE) are compared. below: 


(Same Day} 
Day 1 vs Day 2 
AP 7.443. 9.023. 3* 


Control vs Placebo 





8.023.2 9.223554 

ST+ 7.8+3.9. 9.623.6** 8.643.7 9.923.8+ 

maxE 9.743.7 11.044.1** 10.443.9  11.44+3.9** 
*p<.05 **p<. 01 tp<.005 


Additionally, 22-30% of pts showed more than a 3 minute 
difference between D} and Dp in time to AP, ST: or max 
Likewise, 14-17% of “pts showed more than a 3 minute io 
difference between C and PI in the same measures. In some. 
cases, differences as high as 8 minutes were observed be- 
tween Dı and D and 6 minutes between C and PI with no deso 
tectable change in the pts condition. Also, heart rate- 
systolic blood pressure product (HRxSBP) at AP, ST+ and- 
maxE was not different on Dy and Do or C vs PI. We cons 
clude that certain pts have considerable variability in 

the time to AP, ST+ and maxE but not- in HRxSBP. This 
variability in ET duration is greater between days than 

in sequential ETs on the same day and should be considered 
when evaluating new antianginal drugs by ET. 2 


REPRODUCIBILITY OF SYMPTOMS, CARDIAC AND ELECTROCARDIOGRA- 
PHIC RESPONSES DURING SYMPTOM-LIMITED EXERCISE IN PREOPER- 
ATIVE CORONARY PATIENTS. 

Kenneth F. Hossack, MD; Robert A. Bruce, MD, FACC; Bert 
Green, MD; Laurent Belanger, MD; Fusako Kusuni, MS; 
University of Washington, Seattle, WA. 

Reproducibility of symptoms, heart rate (HR), blood pres- 
sure(BP) and electrocardiographic responses during 2 exer- 
cise tests(ET) Il hour apart are reported in 25 patients 
(21 males, 4 females) of 40 to 73 years of age. Prior to 
undergoing bypass surgery, direct Fick measurement of max- | 
imal cardiac output during upright exercise is made. BP 
during the first ET is measured with a sphygmomanometer 
and for this analysis mean pressure is estimated from sys- 
tolic and diastolic readings. A Swan~Ganz catheter is 
placed in the pulmonary artery and a radial artery line 
inserted for pressure monitoring and blood sampling during 
the second ET. During both ET's, expired air is collected 
for measurement of maximal oxygen uptake (Y0; max ml/min). 
RESULTS: 





Non-invasively Invasively pe rae 
Rest HR 75215 73214 NS «66 
Max HR 114417 113219 NS +950 
Rest mean BP 87+12 105213 <, 0001 +53 
Max mean BP 98+12 109217 <,001 - 60 
Max PRPx1072 113426 122229 <.01 - 86 
VO2 max 10922353 1125+384 NS 35 


Angina and ischemic ST depression occurred in 22 and 20 
persons respectively during first ET and 21 each during 
second ET. 

These results indicate that despite catheterization, 
symptoms, electrocardiographic changes, VOo max, HR rest 
and HR max are reproducible. The differences in BP largely 
relate to the different techniques in measurement however, 
the correlation between maximal pressure rate product is 
high(r=.86). *paired t-test, **correlation coefficient 
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PREDICTIVE ACCURACY OF POSITIVE EXERCISE ELECTROCARDIOGRAM: 
“RELATION OF HEART RATE AT WHICH ISCHEMIC RESPONSE INITIALLY 
APPEARS. TO PRESENCE OF CORONARY ARTERY DISEASE 

Reginald Low, MD; Ezra A. Amsterdam, MD, FACC; Craig 
Lindsey, BS; Garrett Lee, M.D.; Najam Awan, MD, FACC; 
Anthony N. DeMaria, MD, FACC; Dean T. Mason, MD, FACC, 
University of California, Davis, California 


“We examined the relationship of the predictive accuracy 
(PA} of a positive exercise electrocardiogram (ExECG) to 
the heart rate (HR). at which STi initially occurred. A 
positive EXECG was defined by ischemic ST depression (ST+) 
for >80 msec. in an ST segment that was normal at rest. The 
study group consisted of 118 symptomatic patients (pts) (99 
“males, 19 females, group. mean age 55 yrs) evaluated for the 
presence of coronary artery disease (CAD). All pts had 
7 ExECG and coronary angiography. PA of the ExECG based on 
corénary angiography was defined as percent true positive 
(TP) ExECG divided by all positive ExECG. TP ExECG was 
defined as a positive ExBCG associated with > 70% stenosis 
5E >1 CA; false positive (FP) ExEG = positive ExECG in the 
presence of normal coronary arteries (CA). CAD was present 
in 91. pts and 27 pts had normal CA. PA was inversely 
“velated to HR, expressed as percent of predicted maximum 
‘heart rate (PMHR), at which ST; initially appeared: 


r——- $ PMHR at Initial st; —————— 
65% 66-74% (75-84% 85-948 95% 


“predictive 918 883 86% 67% 63% 
> accuracy (19/21) (14/16) {23/27} {20/30} (15/24) 


“There was no relation between number of diseased CA and BR 
at. which ST+ appeared. Occurrence of ST+ in ExECG at <85% 
PMHR correlates highly with presence of CAD. By contrast, 
initial appearance of ST‘ at >85% PMER is associated with a 

high proportion of false positive results. 


QUANTIFICATION OF THE EXERCISE TEST THAT BEST MAXIMIZES 
THE PREDICTION OF SEVERE CORONARY DISEASE 

Donald A. Weiner, MD; Carolyn H. McCabe, BS; Thomas J. 
Ryan, MD, FACC, Boston University Medical Center, Boston 





Recent studies suggest abandonment of the “positive- 
negative" classification of exercise tests (ET) in favor 
‘of a more comprehensive quantitative analysis. Te de- 
termine which combination of ET variables best maximizes 
the identification and prediction of the extent of coro- 
nary disease (CAD), we correlated l1 ET variables with 
the findings of coronary arteriography in 436 consecutive 
patients (pts). The pts were grouped as follows: group 
1 (n=#35) had > 50% stenosis of the left main coronary 
artery {(LMCA), group 2 (n=124) had either LMCA or > 70% 
stenosis of three coronary vessels, and group 3 (n=312) 
were the remaining pts. The sensitivity (S} and predic- 
tive value (FV) of the following seven selected ET vari-~ 
ables alone and in combination were: 
Group 1 Group 2 
S PV S PV 
» 2 2 mm ST+ 91% 20% 75% 59% 





a 
2. Downsloping STH 83% 18% 78% 61% 
“3. ST} beginning in stage I 89% 17% 80% 57% 
4, ST lasting > 6 minutes 77% 22% 69% 64% 
5. ST) involving 2 5 leads 86% 22% 65% 58% 
6. Exercise-induced angina 83% 15% 76% 48% 
7. Treadmill Time s 6 minutes 86% 13% 72% 45% 
COMBINATION 1-3 77% 24% 57% 69% 
COMBINATION 1-5 74% 32% 49% 75% 
COMBINATION 1-7 57% 38% 36% 83% 





Although the diagnosis of LMCA remains largely unpre- 
dictable by ET, the combination of ET variables 1-5 best 
maximizes both the sensitivity (49%) and the predictive 
value (74%) in patients with either left main or three- 
vessel coronary disease and thus delineates a "markedly- 
positive" exercise test. 
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ECHOCARDIOGRAPHIC EVALUATION OF LEFT VENTRICULAR 
SIZE AND FUNCTION 

2:00-3:30 


ACCURATE VOLUME DETERMINATION IN THE ISOLATEDEJECT- 
ING CANINE HEART FROM A LIMITED NUMBER OF TWO- 
DIMENSIONAL ECHOCARDIOGRAPHIC CROSS-SECTIONS. 
Leland W, Eaton, MD; W, Lowell Maughan, MD; James L. 

etss, z 7 Johns Hopkins Univ. Baltimore, Md, 
It has been shown that accurate measurement of left ventricular 
volume {LVV).is possible in the intact ejecting dog heart by recon- 
struction of serial two-dimensional echocardiographic (2D) cross- 
sectional images (XS) taken at 3 mm intervals through the long 
axis, However, volume reconstruction from such frequent 2D XS is 
impractical in intact animals or clinical situations, Therefore, we 
studied volume accuracy with fewer XS/heart. Cross~circulated 
paced dog hearts were suspended ina blood~filled tank designed to 
allow echo transducer movement in the vertical plane, Instantane~ 
ous LVV was measured every 50 ms with a volumetric chamber ac~ 
curate to.0.5-ml/l00 ml, connected to a balloon in the beating LV. 


was planimetered witha l ght-pen system and summated for volume: 


























[5-19 8-10 5-67 4 3 2 Bs 
956 «960 «926 e918 883 827 
SEE (ml) 2,83 3,96 4,28 5,51 7.24 
t ~ 6989 «982 974 746 924 „864 


Š | .43 1.89 2.38 3,50 4.52 6.54 

_all P values < 00! * mid LV leve 
Thus, provided XS locclization is available, accurate LVV can be 
echocardiographically determined in the non-infarcted ejecting 
heart from as few as 3 to 4 XS without reliance on major geometric 
assumptions. 





QUANTITATION OF HUMAN LEFT VENTRICULAR (LV) MASS AND VOL- 
UME BY CROSS-SECTIONAL ECHOCARDIOGRAPHY: IN VITRO ANA- 
TOMIC VALIDATION 

Joseph Helak, MD; Nathaniel Reichek, MD; Eugene Pearl- 
man, MD; Karl Weber. MD, FACC; Guiseppe Piet MD; John 
A. Kastor, MD, FACC, Hospital of the University of Penn- 
sylivania, Philadelphia, Pennsylvania 





The accuracy of digitized phased array cross-sectional 
echo (E) imaging for LV ares{A),mass(M)and chamber vol- 
une (V) was determined in 88 formalin fixed short axis 
sections (S) of & human hearts (2 cardiomyopathy, 2 valv- 
ular disease, 2 coronary artery disease with infarction 
and/or aneurysm and © normal). E data were compared to 
S weight(SW) and photographic(P) SA, SM and SV. SM and 
SV were calculated ng the formula V=A(S thickness). 
Total LVV and LYM were determined for each heart by Simp- 
son's rule and as (4 at high papillary mus {Lv 










e level )x{Ly 
length). SMp correlated well with SW(r=.97). Mean in- 
terobserver variation for SAe was small (6.8%) and cor- 
relation excellent (r=.96, slope=1.04), SAe, SMe and SVe 
correlated well with SAp, SMp and S¥p (r=.95, .97 and 
97) and with actual SW (r=.90, n=31). Simpson's rule 
LYVe was highly accurate (Vp=1.06Ve+7 ml, r=.99, n=8). 
LYMe correlated well with LVMp (r=.94, n=8) amd with LVW 
(r=.99, n=l). The srea-length method gave excellent es- 
timates of IVY (Vp=.58 Veti? ml, n=8, r=.98, range 12- 
183 ml) and LYW( =.S98LyMe+G6g, n=}, r=.96) anë good es- 
timates of LVMp ( =,52LVMe+l05¢, n=8, r=.85). Ve was con- 
sistently more accurate than Me suggesting thet endocard- 
ial boundry identification is more reliable than epicard- 
ial boundry identification. We conclude that, in vitro, 
short axis imaging by E is accurate and permits reliable 
estimation of IVY and LVM by either Simpson's rule or 
srea-length methods in normal and abnormal ventricles. 
The area-length method is sufficiently simple to be read- 
ily applicable in vivo. 
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BIPLANE APEX ECHOCARDIOGRAPHY VERSUS BIPLANE CINEANGI- 
OGRAPHY IN THE ASSESSMENT OF LEFT VENTRICULAR VOLUME AND 
FUNCTION: VALIDATION BY DIRECT MEASUREMENTS 

William Bommer, MD, FACC; Tam Chun; Oi Ling Kwan, BS; 
Alexander Neumann, BS; Dean T. Mason, MD, FACC; Anthony 

N. DeMaria, MD, FACC, University of California, Davis, CA. 


No data are available comparing the accuracy of cinean- 
“gtography (Cine) and 2-dimensional echocardiography(20E) 
-cagatnst direct. measurements in the evaluation of left 
ventricular (LV) volume and function. Therefore, we ob- 
tained measurements of volume in 18 human LV casts and 2 
-< contracting heart models by 2DE, cine, and water dis- 
placement; while LV shortening was assessed by 2DE, cine, 
arid motion photography in the contracting heart models. 
Estimates of volume and function by 2DE and cine were 
also compared in 20 pts. Comparable biplane 2DE and an- 
gulated cine and optical images were outlined and volumes 
were calculated using Simpson's Rule. Actual LV cast 
volumes correlated closely. with those values obtained by 
both 2DE and cine (r=.97). Comparisons between actual 
measurements and ZDE and cine estimates for the models 
and patients were made by computing the following 
correlation coefficients: 













LV Stroke Ejection Segmental 

“LV-models Volume Volume Fraction Shortenin 
20E vs actual -97 -38 -99 -36 
ocine. vs actual -97 -97 -99 .97 
(2DE ws. cine -97 «96 .98 .96 
2DE vs cine -80 -80 -84 .70 


Thus, in. LV casts and contracting models, biplane apical 
2DE predicts LV volume and function with comparable 
accuracy to LY cine. The reduced correlation between 
biplane apical 2DE and cine in patients may be related to 
measurement errors referrable to either method. 


A PRACTICAL TWO-DIMENSIONAL ECHOCARDIOGRAPHIC MODEL TO 
ASSESS VOLUME IN. THE ISCHEMIC LEFT VENTRICLE 
Pascal Gueret, MD; HL Wyatt, PhD; Samuel Meerbaum, PhD, 
FACC; Eliot Corday, MD, FACC, Cedars-Sinai Medical Center, 
Los Angeles, Calif. 
Most techniques currently available for left ventricular 
volume (LYV) quantification do not adequately account for 
regional myocardial dyssynergy (DYS}. Previous in vitro 
studies show that 2-dimensional echocardiography (2DE) may 
account for LV-asymmetry when short-axis areas (A) are 
-utilized for reconstruction. The present in vivo study was 
designed to test 2DE short-axis models for LVV versus sin- 
gle plane cineangiography before and after proximal left 
anterior descending intracoronary balloon occlusion (0). 
In 1} closed chest dogs, LVV at end-diastole (EDV) and at 
end-systole (ESV) were quantified and ejection fraction 
(EF) calculated in control and during regional ischemia. 
Simpson's reconstruction using A from 5 LV short-axis 
levels and LV length (L) showed good LVV correlations be- 
fore and after 0 (r from .89 to .92). A simplified formula 
(LVV=5/6 AL) utilized A from either the mitral valve level 
area (MV-A) proximal to 0 or the mid-papillary level area 
(MP-A) distal to 0; correlation coefficients for EDV, ESV 
and EF were (*=nonsignificant) : 





M-A MP-A 
EDV ESV EF EDV ESV EF 
CONTROL .97 .95 = .81 .81  .89 84 
LAD- .90 _.56* .60* -82 .87 .92 





2 Tn control, good results were observed using either MV-A 
< Or MP-A, With pronounced systolic DYS due to 0, results 
were poor for ESV and EF using MV-A, but were satisfactory 
using MP-A (p<.001). EDV correlated well in O as well as 
in control. CONCLUSION: In dogs with ischemic myocardium, 
_ LW dn-vive may be satisfactorily assessed by 2DE using 
“either multiple short-axis section analysis or a clinical- 


ay applicable simplifed formula, 5/6 AL if the section-A 
ws from the zone of LV asymmetry. 
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THREE-DIMENSIONAL DISPLAY AND VOLUME DETERMINATION OF 
THE LEFT VENTRICLE BY TWO-DIMENSIONAL ECHOCARDIOGRAPHY 
Keiko Ueda,MD; Keiichi Kuwaki, MD; Kiyoshi Inoue, MD; 
Tokyo Metropolitan Police Hospital, Tokyo, Japan 


Using a new tomogram image processor (Sumitomo Electronic 
ind., Model TP-300) and a 72° wide angle phased array 
(Toshiba, Model SSH-11A) two-dimensional echocardiogram 
(2DE), we examined whether serial 2DE images of the left 
ventricle (LV) would allow three-dimensional reconstruct- 
jon and accurate volume determination in 20 patients 
undergoing routine LV single-plane angiography. Trans~ 
apical 2DE echo window covers the whole LV area from the 
apex to the base. For this reason, serial trans~apical 
2DE images were taken at a 5° angle interval from anteri- 
or through inferoposterior LV area using a new ZDE trans“ 
ducer holding device. | Whole LV area by this method was 
usually covered by serial 8-10 images. LV cavity and 
muscle area of each image were planimetered with a tight- 
pen system and summed for volume. Angiographic LV -volume 
calculation was made by an. area-length method. In 20 
patints, systolic and diastolic volume determinations 

by the angiographic method were compared with the volume 
obtained from image processor, 

Extremely good correlation (r=0.92, p<0.01) among. the 
two method was obtained. 

Accurate cross-sectional. reconstruction and volume 
determinations: were obtained by this method. o 
And these suggest stedy state LV volume can be determined 
non-invasively from multiple cross~sectional image. 


SELECTION. CRITERIA FOR. ECHOCARDILOGRAPHIC ASSESSMENT OF 
LEFT VENTRICULAR PRESSURE AND PEAK GRADIENT IN PATIENTS 
WITH VALVULAR AORTIC STENOSIS 


Jason Kirkman, MD; Arthur D. Hagan, MD; Thomas G. DiSessa, 
MD; Ching Ti, MD; Linda M. Samtoy, MD; William F. 
Friedman, MD; Walter V.R. Vieweg, MD; UCSD Medical Center, 
San Diego, California 


M-mode echocardiography was employed to estimate the left 
ventricular peak systolic pressure (LVPSP) and the left 
ventricular-aortic valve peak pressure gradient in 47 
patients being evaluated for aortic stenosis prior to 
cardiac catheterization. A wall thickness te cavity 
dimension ratio: LVPSP = 225 X systolic posterior wall 
thickness.+- end-systolic dimension, was employed. The 
aortic valve pressure gradient was determined by subtract- 
ing the cuff systolic blood pressure from the calculated 
left ventricular peak systolic pressure. All measurements 
were obtained at the level of the chordae; 10 of 47 
echocardiograms were technically unsatisfactory. In 27 
selected adult patients (22-89 yrs) left ventricular peak 
systolic pressure and aortic valve pressure gradient 
correlated poorly with catheterization (cath) data (r = 
0.49 and 0.64 respectively). When 10 patients with 
significant left ventricular dilatation, wall motion 
abnormalities, poor left ventricular performance, or 
systemic hypertension were excluded from analysis, 
correlation of left ventricular peak systolic pressure 
and aortic valve pressure gradient with cath data improved 
markedly (r = 0.78 and 0.92 respectively). All 10 
pediatric. patients (age 7-10 yrs) had excellent correla- 
tion of left ventricular peak systolic pressure and aortic 
valve pressure gradient with cath data (r = 0.95 and 0.91 
respectively). Echocardiography is a reliable method te 
estimate severity of aortic stenosis in children but in 
only selected adults. f 
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AFTERPOTENTIALS AS A CAUSE OF LONG QT SYNDROME?- 

ELECTROPHYSIOLOGICAL STUDIES OF A CASE. 

Ralph Lazzara, MD, FACC; Ronald R. Hope, MD, FACC; 
Charles ©. Freeman, MD; Elict Schechter, MD, FACC; 

University of Oklahoma Health Sciences Center, 

(Oklahoma City, OK 





A young woman. with long QT interval (up to 600 msec) 
presented with ventricular tachyarrhythmias, and 
“syneope. The QT was shortened and the arrhythmias 
suppressed by propanolol, Left stellate ganglion block 
further shortened the OT. Bipolar electrograms 
(1 centimeter apart) were recorded from various sites at 
the endocardial surfaces of both ventricles. At some 
sites, distinct slow potential waves were detected 
coincident with or just after the terminal portion of 
the T wave of the surface ECG and just after the "T" 
wave of the endocardial electrogram. The amplitudes of 
_-these extra potentials (EP) were greatest (up to 2mV) 
‘at the basal posterior portions of the ventricles. 
The EP occupied the interval 450-600 msec from the onset 
of the QRS. The QT interval on the ECG was 450 msec 
during this study... Epinephrine infusion (0.02 ug/kg/min) 
induced ventriculat ectopic beats arising from the EP. 
The findings are compatible with the hypothesis that 
abnormally large afterpotentials generated by ventricular 
myocardial cells are enhanced by beta-adrenergic 
‘stimulation to reach threshold for excitation and 
produce automatic firing. The abnormal T waves reflect 
contributions from the afterpotentials as well as 
tepolarization potentials. 


i: SYSTOLIC (ST). CURRENT FLOW ACROSS INFARCT BOUNDARIES 
“Gary J. Anderson, MD., FACC, Joseph Reiser, Ph.D., William 
B: Gough, Ph.D., William Likeff Cardiovascular Institute, 
Hahnemann Medical College & Hospital, Philadelphia, PA. 





= The purpose of this study was to characterize ST segment 
eurrent flow in anesthetized animals (n=9) subjected to 
acute coronary ligation. After visual identification of 
“the infarct border zone (BZ), plunge Ag/AgCl electrodes 
were implanted in the normal zone (NZ), BZ, and frankly 
-infarcted zone (IZ). Intramyocardial and surface electro- 
grams were recorded and current was measured by placing a 
1002 resistor across the input of a differential amplifier. 
Current flow (direction of + charge) was then mapped for 
each electrode pair within the matrix of electrodes. 
| Following control recordings, the left anterior descending 
, @orenary artery was ligated in the middle 1/3. Within 15 
z see following acute occlusion ST current developed and 
oflowed From the NZ4BZ+1IZ. The highest current values 
“were recorded between NZ and BZ electrode pairs (5-7 amp) 
‘and. rarely exceed 5y amp between BZ and IZ. When both 
electrode pairs were located in NZ or IZ no significant 
current was. recorded. Current flow maps revealed the early 
development ( < 5min) of both ST current sources and sinks. 
However, most current sources showed substantial variation 
im current output (range 1 to Fu amps) during the 3-4 hour 
observation period, and in 1 experiment a current sink be- 
came a current source, From these data we conclude: 1) ST 
segment current flows from NZ>BZ+>I1Z, 2) Little or no ST 
current flows within the IZ, 3) 8T current sources and sinks 
developed early fellowing an acute coronary occlusion and 
generated up to 7u amp current, significantly greater than 
TQ current (reported elsewhere), and 4) the differences in 
current flow across the ischemic boundary suggests marked 
variation in electrophysiological response to ischemia 
and/or preferential low resistance current pathways in 
ischemic boundaries. 


TERMINAL T IN EXERCISE ELECTROCARDIOGRAMS 

Jacqueline O'Donnell, MD; D.. Eugene Lovelace, BS: James 
V. Faris, MD, FACC; Paul L. McHenry, MD, FACC; Suzanne B. 
Knoebel, MD, FACC, Krannert Institute of Cardiology, 
indiana University Scheol of Medicine. Indianapolis, IN 


The T wave of the ECG is sensitive to regional changes in 
ventricular repolarization. In particular, apex to end 
ef T (aT-eT) reflects a composite phase 3 of uncancelled 
action potentials and has been shown to be rate indepen- 
dent in resting ECGs. This study was undertaken to de- 
termine if aT-eT and/or aT~eT as a percent of OT (aT-eT/ 
QT) is rate independent with exercise (EX) and if coro- 
nary artery disease {CAD} patients (PTS) demonstrate dif- 
ferences in aT-eT or aT-eT/OT from normal subjects (4). 
Treadmill EX tests were performed on 50 N and 50 CAD PTS. 
A two-lead ECG was continuously recorded, the last 25 
beats of each EX stage computer averaged and plotted as 

a single QRS-T on a scale of 2°:msec/mm. Measurements of 
aT-eT and QT were made according to the method of 
Lepeschkin and Surawicz. é 


There was no significant change in aT-eT or aT-eT/QT with 
heart rate (HR) in N except at HRs >155.. N and CAD PTS 
with similar HR at maximal EX were compared: 


#PTS ER aT-eT {msec} aT-eT/QT? 
u 25 147.8 70.39 25.14 
CAD 25 141.6 YS 52,30 P0001 18.48 P*O-001 


Conclusion: aT-eT and aT-eT/QT are rate independent at 
HRs from 80-160 and differ in N and CAD PTS when compared 
at similar HR. The measurement may represent an adci- 
tional criterion for normal and abnormal EX ECGs. Short- 
ening of aT-eT may result from K+ release from ischemic 
areas affecting slope of phase 3 through electrctonus. 


TOTAL BODY SURFACE POTENTIAL MAPPING DURING EXERCISE: QRS 
CHANGES IN NORMAL YOUNG ADULTS 

Walter T, Miller, IIT, PhD; Madison S. Spach, MD, FACC; 
Robert B, Warren, PhD, Duke University, Durham, N.C. 


Reductions in the magnitudes of the R waves in left 
precordial leads recorded from normal subjects during 
exercise have often been reported, but the electro- 
physiologic mechanisms underlying the observed changes in 
ECG waveform shape are only partially understood, In 
erder to gain insight into such ECG changes, we examined 
in detail total bedy surface potential distributions 
recorded from 20 normal young adult subjects (25-35 gears 
eld) during multistage maximal exercise procedures on a 
bicycle ergometer. Using a previously reported system for 
ebtaining total body surface potential distributions from 
measurements at 24 locations, high quality maps were 
ebtained during exercise without requiring waveform 
averaging or special modes of exercise, To study R wave 
changes, serial maps recorded at each millisecond during 
QRS (before exercise and at intervals during and after 
exercise) were examined, Reductions in the magnitude of 
the R wave in the standard lead V5 during exercise were 
accompanied in our data by changes in the bedy surface 
potential distributions in early QRS and by increases in 
QRS duration (0-10 msec), indicating that the changes in 
E wave magnitude were related to changes in the sequence 
ef activation in the ventricles during exercise, The map 
pattern changes in early QRS during exercise strongly 
suggested a delay in the initial activation of the 
anterior left ventricle relative to the onset of 
activation in the right ventricle and septum. The results 
indicate the importance of analyses of total body surface 
potential distributions in cbhtaining an improved physio- 
logical understanding of ECG changes during exercise. 
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MYOCARDIAL INFARCTS IN THE LATERAL THIRD OF THE 
LEFT VENTRICLE: SIZE AND ECG RECOGNITION. 

RM Ward, RE Iideker, GS Wagner, DR Alonso, SP Bishop, CM 
Bloor, JT Fallon, GJ Gottlieb, DB Hackel, HR Phillips, KA 
Reimer, SF Roark, WJ Rogers, WK Ruth, RM Savage, RH 
Selvester, Duke Hosp., Durham, NC, U. Ala. Med. Ctr., Bir- 
mingham, Ala., UCSD Sch, of Med., La Jolla, CA, Mass. Gen. 
Hosp., Boston, MA, Cornell Med. Ctr., New York, NY, Rancho 
“Les. Amigos Hosp, Downey, CA. 

Although ECG signs of anterior and inferior myocardial infarcts 
(MTs) are well established, ECG criteria for lateral MI's remain 
unsettled. This quantitative postmortem study of 63 hearts 
with single MI's anywhere within the left ventricle (LV) was 
performed to evaluate the ability of the ECG to detect lateral 
MIs and to compare their size to that of MI's in other locations. 
Each heart was cut transversely into 5-7 slices. The MI was 
traced from circumferential histologic sections of these slices 
and the percent of LV infarction determined by computerized 
planimetry. Sixteen MIs were predominantly in the lateral 
third of the LV, 28 in the anteroseptal third, and 19 in the 
posteroseptal third. Lateral MI's were smaller (mean 9% of LV, 
range 1-34%) than anteroseptal (mean 21%, range 1-57%) or 
posteroseptal MI's (mean 16%, range 441%). Four lateral MI's 
were not detected by ECG and averaged 2% of the LV (range l- 
3%). The 12 lateral MI's detected by ECG averaged 11% of the 
LV (range 2-34%). The ECG's of these 12 MP's exhibited one or 

more of the following signs:R in VI > .04 sec (6 cases), R in V2 > 

-3o05 sec (4 cases), Q in aVL > .03 sec (5 cases), Q in 1 > .30 sec (T 

ease); Q in V6 > .30 sec (1 Case), or Q in aVF > .03 sec (2 cases). 
Thus, when >3% of the LV, lateral MPs are detected by ECG but 
othe signs are multiple and diverse suggesting true posterior, 
high- lateral, apical, or inferior location. Lateral MPs are 

-probably more common than diagnosed clinically; when small 
-they can go-undetected, and when larger they can result in QRS 
-= changes: which have been previously considered to indicate 
“other locations. 





CLINICAL SIGNIFICANCE. OF THE ECG INTERVAL PROLONGATION 
ACCOMPANYING EFFECTIVE ENCAINIDE THERAPY. Dan M. Roden, 
MD; Stots B. Reele, MD; John A. Oates, MD; Raymond L. 
Woosley, MD, PhD; Vanderbilt University, Nashville, TN. 


Encainide (E), a new, highly effective antiarrhythmic 
agent, is known to markedly prolong H-V conduction time in 
man. The clinical significance of the resulting changes 
in the surface ECG was evaluated in 10 patients (pts) 
whose chronic high frequency ventricular arrhythmias (VA) 
were completely abolished during a dose-ranging trial of 
E. ECG intervals were measured daily using the Frank 
orthogonal lead system. PR and ORS durations prolonged in 
a step-wise fashion as dosage of E was increased. Smaller 
changes. (largely attributable to QRS prolongation) were 
seen in rate~corrected QF: (XSE) 





Placebo SOS+VA VA Abolition 
PR (msec) 1506 180:9**  221:13** (+47.3%) 
ORS 9324 10526* 136210** (446.2%) 

40527 416277 452+10** (+11.6%) 


© **p<.001 compared to placebo ¥*P<.01 P>.05 

Cardiac performance was evaluated during effective E ther- 
apy by treadmill testing (TMT) and radionuclide ventricu- 
lography. VA control persisted, exercise tolerance and 
BP response during TMT were unchanged compared to placebo, 
and ejection fraction (.57+.02, K#SE) and global contrac- 
tility were normal. Monitoring for 25 days on effective 
regimens did not detect 2° or 3° block in any of these 
pts, Supra-effective dosages produced transient asympto- 
‘Matic RBBB in 2 other pts receiving E on an emergency 
basis; outpatient treatment with lower dosages successful- 
-ly controlled their VA. ECG interval prolongation due to 
‘other antiarrhythmic agents has been interpreted as a sign 
| ef drug toxicity. However, effective E therapy produced 
marked interval changes without adverse effects. These 

ECG changes may thus provide useful indicators of compli- 
ance and of the drug's pharmacologic actions. 
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EVIDENCE SUPPORTING A DIRECT CHOLINERGIC EFFECT ON VEN- 
TRICULAR MUSCLE REFRACTORY PERIOD IN MAN 

Eric N. Prystowsky, MD; Robert L. Rinkenberger, MD; 
Warren M. Sain MD; James J. Heger, MD; Douglas P. 
Zipes, MD, FACC, Krannert Institute of Cardiology, 
Indiana University School of Medicine, Indianapolis, IN 


Although evidence exists supporting the anatomic presence 

of the parasympathetic nervous system (PNS) in human ven- 
tricle, little is known about the possible electrophysio- 
logic effects of cholinergic activity. To assess the ae 
effect ofthe PNS on ventricular refractoriness, electroṣ =~ 
physiologic studies were performed on seven patients. inva’. 
control state and repeated in the presence of autonomic 
blockade using propranolol (P} (0.15 mg/kg i.v.) and 
atropine (A). (0.03 mg/kg i.v.) plus P. In each patient 

the ventrfcular pacing cycle length was the same for all 
refractory period determinations using the extrastimulus 
technique. 

Control effective refractory period (N=7; 243 +18 msec; 

mean +SD) significantly shortened after A plus P admin- 
istration (216 +21 msec, p<.001). The effective refrac- 
tory period after P alone (N=5; 252 +13 msec) was not. 0) 
changed from control (250 +15 msec, p>.05). The control 
functional refractory period (N=7; 260 +25 msec) signifa =o. 
icantly shortened after A plus P administration (236 +18 
msec, p<.001). The functional refractory period during 

P alone (N=5; 273 +18 msec) did not change from control 

(271 +18 msec, p>.05), In all patients spontaneous. sinus 
cycle length decreased significantly from control (879 

+111 seers in the presence of A plus P (599 +66 msec, 
respectively, p<.007). 

These data demonstrate that cholinergic blockade, inde- 
pendent of s-receptor blockade, shortens ventricular 

muscle refractoriness, suggesting that tonic vagal influ- 
ences prolong ventricular refractoriness in man. 


CELLULAR ELECTROPHARMACOLOGY IN EXPERIMENTAL ISCHEMIC 
LESIONS: COMPARISON IN ACUTE AND HEALED ISCHEMIC INJURY. 
RJ Myerburg, MD, FACC; H Gelband, MD, FACC; K Epstein; 
MS Gaide, PhD; RJ Sung, MD, FACC; A Castellanos, MD, FACC} 
AL Bassett, PhD, University of Miami School of Medicine, 
Miami, Florida 

We have previously reported the effects of 2 ischemia 
models on action potential duration at 90% repolarization 
(APD) and local refractory periods (RP) of ventricular 
muscle (VM) cells on the endocardial surface of isolated 
cat hearts. In acute ischemic injury (AMI) studied 1-2 
hours after acute myocardial infarction, APD'’s and RP’s 
are shorter than normal (N) controls; in healed ischemic 
injury (HMI) studied 2~4 months after acute infarction, i 
APD's and RP's are prolonged, When these preparations are. 
exposed to procainamide (PA) (40 pg/ml for 60 min.}, the : 
AMI cells were more responsive to the APD lengthening ef- 
fects compared to the HMI cells. Histologically, the AMT 
areas showed predominantly acute cellular injury, with 
loss of cytoplasmic striation, acidophilia, focal hemorr~ 
hage, and interstitial edema. The HMI areas had dense 
collagen deposition and nuclear pleomorphism, but no acid= 
ophilia or loss of striation. To determine whether scarr- 
ing in HMI hearts might cause poor access of PA to endo- 
cardial cells, similar preparations were exposed to either 
PA or tetrodotoxin (TTX) (1-2 ug/ml). The effect of TTX 
was the same in the HMI areas and in N cells, suggesting 
that poor perfusion due to scarring was not the reason for < 
the lesser response of HMI cells to PA. We conclude that : 
the dissimilar effect of PA on acutely ischemic tissue and 
healed tissue 2 to 4 months after ischemia is due to dife: 
ferent cellular characteristics in the 2 preparations, 
rather than to poor perfusion of cells in the HMI hearts. 
Cells surviving acute ischemic injury and subsequent heal~ __ 
ing processes respond differently to PA than do Nor AMES” 
cells. 
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KINETICS OF ANTIARRHYTHMIC EFFECTS OF BRETYLIUM: CORRELA- 
TION WITH MYOCARDIAL DRUG CONCENTRATIONS. Jeffrey Es 
Anderson, M.D.; Eugene Patterson; Marilyn Conlon; Stanis- 
law Pasyk, M.D. Betledict R. Lucchesi, PhD,M.D., Univer- 
sity of Michigan, Ann Arbor, Michigan. 
~o In order to study the relative importance of myocardial 
(Cun? vs serum (Cg) drug concentrations in predicting anti- 
arrhythmic effects of bretylium tosylate (BT), kinetic 
studies were performed in 27 dogs after bolus injection of 
“saline, bretylium mg/kg (BT-6) or 2mg/kg (BT-2). Paral- 
lel determinations of drug concentrations (Cy,Cs) and 
antiarrhythmic effects (ventricular effective refractory 
period [ERP], repetetive ventricular response [RVR], and 
ventricular fibrillation threshold [VFT]) were made with- 
out and with 2 min of coronary ischemia (I). Cg fell 
rapidly after IV BT, whereas pn rose gradually, peaking 
at 1.5-6hrs. Cm:Cs rose progressively (1.21.3 [SEM] at 
30 min, 6.4¢1.0 at 12 hr: [n=?,BT-6]). ERP.RVR and VFT 
followed Cm rather than Cg, with peak effects (increases) 
at 3hrs. These kinetic results were similar with or 
witheut I and for both doses of BT. In contrast, 
parameters for saline.controls did not vary with time. 
Selected results + SEM (msec) for BT-2 (n=6) are 








representative; 
t (h) 0 -03 -5 
ERP 15441 = 15743 
RVR 1,220.2 2,841.1 2.540.8 
VET 3.64.5 7,522.5 10.342,7% 
t (1.5 3 12 
ERP 1674 3%* 17546%% 16343 
RYR 4.041.1* 5.441.9% 4. 341.0% 
VET 15.443.444%  23.5ł45,4*k = 15.842.1%* 





* psx .05, ** ps .01 vs 0 value 
These kinetic studies quantitate the prolonged antifib- 
rillatory effect of BT, with its delayed maximum, and em- 
phasize the importance of C, in determining this behavior. 


EFFECTS OF ETHMOZINE AND LIDOCAINE ON VENTRICULAR FIBRIL- 
LATION AND DEFIBRILLATION IN ANESTHETIZED DOGS. Susan Fox, 
Bruce Hoffman, Michael Rosen MD, FACC, Brian Hoffman MD, 
Columbia Univ., College of Physicians & Surgeons, NY, NY 


Lidocaine (L) and ethmozine (E) are both effective in sup- 
pressing ventricular arrhythmias. We induced single and 
multiple ventricular premature beats (VPB) and fibrilla- 
tion electrically in 9 mongrel dogs 1 to 6 weeks following 
surgical placement of electrodes on the ventricles and 
studied E and L effects on the VPB and ventricular fibril- 
lation and defibrillation thresholds. The effects of the 
drugs on threshold (mamps) were as follows: (*P<05) 

Single VPB Multiple VPB Vv. Fib. V. Defib. 

Cont. Drug Cont. Drug Cont. Drug Cont. Drug 


L 
M 6.3 +5.4* 10.4 47.7% 14.9 +15.7* 82.4 +36.6 
SD 2.6 5.6 3.7 5.9 3.2 6.3 20.4 67.1 
E 
M 7.6 +4.8* 12.5 .43.7* 18.7 + 2.1 90.0 +21.7 
Sp 3.2 3.8 4.4 2.4 7.4 2.4 27.7 47.7 


Land E significantly increased the threshold for inducing 
-single and multiple VPE's. L significantly increased the 
ventricular fibrillation threshold; E did not. With re- 
spect to defibrillation threshold, neither drug affected 
this to a statistically significant degree. However, for 
L, 4 dogs showed no change in defibrillation threshold, 
another 4 could not be fibrillated (and hence, defibrilla- 
tion threshold could not be tested); and only in one dog 
was an increase in defibrillation threshold seen. In com- 
parison, with E, defibrillation threshold increased in 4 
dogs and decreased in two. Another 2 dogs could not be 
defibrillated after E. We concluded that both L and E are 
effective drugs when used for the suppression of-VPB's. 
L had more of an antifibrillatory effect than E and - 
whereas L did not alter defibrillation threshold - this 
appeared to increase with E. 


REPERFUSION. ARRHYTHMIAS: DIFFERENTIAL. EFFECT OF LIDOCAINE 
ON REENTRY AND ENHANCED AUTOMATICITY 


Glenn Kabell, PhD; Benjamin J. Scherlag, PhD, FACC; 
Ronald R. Hope, MD, PACC; Ralph Lazzara, MD, FACC, 
Veterans Adm and University Hospitais. University of 
Oklahoma, Oklahoma City, Oklahoma 


We studied the effects of reperfusion (R) in 31 dogs fol- 
lowing a 30-45 min period of left anterior descending cor- 
enary artery (LAD) occlusion using ECG and composite 
electrogram recordings. One-stage R in 14 of 16 dogs pro- 
duced ventricular arrhythmias (VA) which degenerated into 
ventricular fibrillation (VF) within 60 sec. The onset of 
VA was associated with continuous electrical activity (CEA) 
in epicardial and intramural electrograms recorded from 
the reperfused zone (RZ}. Vagal slowing during R (72-3/ 
min) did not prevent VF (8 of 8 dogs) and escape beats 
were often followed by one or more coupled ectopic beats 
associated with CEA. Rapid atrial pacing (270/min) also 
did not prevent the appearance of CEA-related VA and VF 

(4 of 4 dogs) nor did 4 mg/kg lidocaine (10 of 11 dogs). 
In 4 untreated dogs resuscitated by DC cardioversion (<40 
Watt-sec) VA were observed in the abserce of CEA in local 
electrograms. In all cases VA were reversibly. suppressed 
by reocclusion of the LAD suggesting these VA did not re- 
sult from DC shock. Ir another group of 15 dogs F was 
performed in 2 stages resulting in no VF but in 8 of 15 
dogs VA were observed beginning 2-3 min after R ard last- 
ing 20-30 min. Atrial pacing suppressed VA and idioven~- 
tricular rate averaged 164-10/min vs 55-10/min pre~R con- 
trol. The earliest site of activation indicated automatic 
foci in the subendocardium of the RZ. Lidocaine (2-4 mg/ 
kg rapidly (< 90 sec} restored normal sinus rhythm and 
suppressed automaticity (72-ll/min) as cid LAD reocclu~- 
sion (52-6/min). We conclude that both reentry and en- 
hanced automaticity play a role in VA due to R. Lidocaine 
suppresses automatic but not reentrant VA. 


TEMPORAL DISPERSION OF REFRACTORINESS: LACK OF CORRELA- 
TION WITH ANTIARRHYTHMIC EFFICACY IN A MODEL OF CHRONIC 
INFARCTION 

Joseph F. Spear, PhD, FACC; Eric L. Michelson, MD; E.Neil 





Moore, DVM, PhD, FACC; University of Pennsylvania ard 
Lankenau Hospital, Philadelphia, Pennsylvania 


A chronic infarction model has been developed using occlu- 
sion of the mid or distal left coronary artery modified 
by a reperfusion stage. Three to 30 days after surgery ei~ 
ther sustained ventricular tachycardia (VT, 3 dogs) and/ 
or fibrillation (VF, 3 dogs) was initiated using routine 
methods of programmed electrical stimulation. Strength in- 
terval curves were constructed using unipelar cathodal 
stimulation via plunge electrodes during ventricular pac- 
ing at a cycle length of 300 msec. Measurements were made 
at 26 normal and/or infarcted sites distributed over the 
left ventricle in these 6 dogs. The temporal dispersion 
of both effective (ERP) and relative refractory pericds 
(RRP) was determined before and after infusion of 15-30 
mg/kg procainamide (PA) and correlated with its effect on 
the inducibility of VI and VF 20-30 min after infusion. 
Dispersion of: ERF (msec) RRP (msec) 





Pre PA 40.5 + 41 54.6 + 37 
(mean + SD) (p=NS) (p=NS) 
Post PA 43.3 + 38 55.1 + 39 





While mean dispersion of ERP and RRP were unchanged after 
PA, PA did prevent reinitiation of VF in 3/3 dogs, and 
had salutory effects on VT in 3/3 dogs (+ cycle length, 
episodes nonsustained). We conclude that (1) dispersion 
of refractoriness characterizes chronic infarction, (2) 
the antiarrhythmic effects of PA cannot be explained sim- 
ply by its effects on dispersion of refractoriness, and 
(3) measurements of dispersion of refractoriness have 
limitations in the study of arrhythmogenesia. 
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IMPORTANCE OF LEFT VENTRICULAR FILLING IN DIFFERENTIATING 

CONSTRICTIVE PERICARDITIS VS. RESTRICTIVE CARDIOMYOPATHY. 
Rane A. Langou, MD, FACC; Theodore I. Tyberg, MD; 

Allan V.N. Goodyer, MD, FACC. Yale University School of 
: Medicine, New Haven, CT. 

Left ventricular filling (VF) was evaluated by left 
ventriculograms (LVgram) in patients (pts) with 1) con- 
strictive pericarditis (CP), 2) restrictive cardiony~ 
epathy (RC), and 3) normals (NM). CP (7 pts) was estab- 
‘lished by characteristic right and left heart hemodynam- 
ics and surgical pathology. Four pts had calcific CP 
and 3 had non<calcific pathology. KC (4 pts) was estab- 
lished by right and left heart hemodynamics and post- 
mortem pathology. All 4 pts had amyloid heart. NM 
(7 pts) had normal hemodynamics, LVgram, and coronary 
arteriography. 

: gram silhouettes were digitized and left ventricu- 
“Lar volumes (LVV) were calculated by computer at 16 msec. 
intervals. Curves of LVV and VF rate were constructed 
“for each pt and also for.each group. Points along these 
“eurves were statistically analyzed using unpaired 
“Student “t" test. CP ptshad a sudden and premature 
plateau of the diastolic LVV curve representing 85447 
< of NF, Furthermore, VF rate was Faster than NM during 
he first 50% of diastole: RC pts had no plateau of the 
astolic LVV curves and their VF rate was slower than 
: NM during the first 50% of diástole. Statistical analy- 
gis of. VF rate in CP, RC and NM pts showed significant 
differences during. the first half of diastole; CP had 
< BSTA2, RG- had 55¢4% and NM had 6645% of their VF complet- 
ed at 50% of diastole (p<0.05). 

‘Thus, this study showed a significantly different 

profile of diastolic LVV and VF rate curves during the 
first half of diastole in CP and RC pts, suggesting their 
importance in differentiating CP and RC at cardiac 
catheterization. : 






DIABETIC NEUROPATHY OF THE HEART AND ARTERIES 
John A. Mantle, MD, FACC? Eugene M. Strand, BA; Thomas N. 
James, MD, FACC; CC} William. J. Rogers, MD, FACC; Richard 0. 
Russell, Jr., MD, FACC; and Charles E. Rackley, MD, FACC; 
University of Alabama’ Medical Center, Birmingham, Alabama. 
Autonomic neural regulation of the sinus node (SN) and 
systemic arteries was investigated in 16 diabetic (D) 
; ischemic heart disease (THD) patients (pts) and compared 
“to 30 IHD pts without D-and 5 normals. Neural regulation 
of the SN was examinéd by the beat by beat changes to 
respiration (sinus arrhythmia), valsalva (40 mmHg) and 
intravenous atropine (0.8-2 mg). Regulation of the arte- 
rial bed was studied by monitoring the abdominal aortic 
pressure during the valsalva. The duration of D ranged 
from Ọ to 21 yrs. Nine D pts were insulin dependent, 2 
were juvenile onset. Complications included retinopathy 
(5 pts), peripheral neuropathy (5 pts) and renal insuffi- 
ciency (1 pt). “Normal sinus arrhythmia was absent in 14 
of 16.(88%) D pts. Twelve of the 16 (75%) D pts had an 
abnormally blunted reflex slowing with increase in arte- 
rial pressure. ` Fifteen of 16 D pts, however, had an in- 
crease in heart rate with atropine indicating some vagal 
influence was still present. Six D pts had a normal arte- 
rial pressure response to the valsalva. Seven D pts had 
an abnormal progressive fall in diastolic pressure during 
strain “and no overshoot after release. The arterial re- 
sponse: could not be assessed in the other 3 D pts because 
< @f heart failure. There was a direct correlation between 
~ oss of cardiovascular neural regulation and the severity 
of thes s 
COo Summary: In adult diabetic pts with IHD: 1) cardiovas- 
calar ‘neuropathy is prevalent, 2) both vagal and sympa- 
thetic defects occur as early complications, 3) important 
adaptive cardiovascular reflex control of heart rate and 
‘blood* pressure may be absent. 
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ABSTRACTS” 


AMYLOID HEART DISEASE: A SIMULATOR OF CORONARY , (MYOCARDIAL 
INFARCTION, SUDDEN DEATH), PERICARDIAL, (CONSTRICTION AND/ 
OR EFFUSION), VALVULAR (FLOPPY ATRIOVENTRICULAR VALVES} 
AND MYOCARDIAL (HYPERTROPHIC CARDIOMYOPATHY) HEART 
DISEASES - AN ANALYSIS OF 42 NECROPSY PATIENTS WITH 
GROSSLY-VISIBLE CARDIAC AMYLOID a 
Bruce F. Waller, MD, Renu Virmani, MD, William C. Roberts; 
MD, FACC, National Heart, Lung, and Blood Institute, 
Bethesda, Mary land 


Cardiac involvement by amyloid (A) is well-known but car- 
diac A simulating other heart diseases is not. We studied. — 
at necropsy 42 patients (pts) (aged 21-89 yrs {avg=00]; 29O 
men) with cardiac A which produced in each symptoms. of 
cardiac dysfunction (CD): congestive heart failure in 38 
(90%), chest pain in 10 (24%) and sudden death in 3 (7% 
Some type of ECG abnormality was present in all 42 pts in- 
cluding low voltage, myocardial infarcts (MI) patterns, 
conduction: and rhythm disturbances, and axis deviation, 
Although all had increased heart weighs (370-780 -gm [avg = = 
570], none by ECG had evidence of ventricular hypertrophy. 
Although CD was diagnosed clinically in all 42 pts, cars 
diac A was diagnosed in only 19 un. The cardiac condi- 
tions diagnosed in the other 23 pts (55%) were: coronary 
heart disease, in 14 (33%), only 1 of whom had > 75% - 
sectional area coronary narrowing; pericardial (P) heart 
disease in 5 (12%), 3 of whom had large P effusions; ard = 
hypertrophic cardiomyopathy (HC) (by echocardiogram) ing 
(10%), all of whom had thicker ventricular septa from A 
than left ventricular (LV) free walls (ASH). Ten pts 
(24%) had LV transmural myocardial A deposits which looked 
like transmural healed MI. Six (14%) pts had floppy 
atrio-ventricular valves, each of which had A deposits in 
the leaflets. Thus, pts with grossly-visible cardiac A 
had CD which simulates coronary, pericardial, valvular, 
and/or myocardial heart disease. 











IDENTIFICATION OF SUBCLINICAL CARDIAC ABNORMALITY 5-15 
YRS. AFTER THERAPEUTIC MEDIASTINAL IRRADIATION 

John S. Gottdiener, MD; Michael J. Katin, MD; Jeffrey 5. 
Borer, MD, FACC; Stephen L. Bacharach, PhD; Michael V. 
Green, MS; Lewis C. Lipson, MD; NHLBI, Bethesda Md. 





Therapeutic irradiation of the mediastinum has been 
associated with pericardial, myocardial, and coronary 
arterial injury shortly after therapy. In order to assess 
the late effects of anterior irradiation, 28 pts. without 
prior cardiac disease or exposure to cardiotoxic chemo- 
therapy, were prospectively recalled for evaluation. 5~15 
yrs. after radiation therapy for Hodgkins disease. Median 
age at evaluation was 34 yrs; range 25-29 yrs. ECG gated 
Tc?7M radionuclide left ventricular cineangiography (15 
pts) at rest and with exercise, and M-mode echocardio~ 
graphy (28pts) were performed. Although radionuclide 
ejection fraction (EF) at rest was depressed in only 2/15 
(13%) radiation pts, the average for this group (0.52% 
0.03 SEM} was below normal (0.574+0.01, p<0.05). With 
exercise, EF was below normal in 5/15 (33%) pts. Average 
EF with exercise (0.58+0.04) was below normal (0.714+0.02, 
p<s0.05). Regional wall motion abnormality, at rest or with 
exercise, was present in only one pt, a 33 yr old woman 
with abnormal coronary arteriograms who did not have “risk 
factors" for atherosclerosis. Pericardial effusion on 
echocardiogram was present in 8/28 (29%) pts. Asymptomatic 
restrictive cardiomyopathy was documented at cardiac 
catheterization in 2 pts. Hence, asymptomatic pericardial 
effusion, restrictive cardiomyopathy, and systolic left 
ventricular dysfunction, are evident many years after 
therapeutic mediastinal irradiation. Left ventricular 
functional reserve may be decreased despite normal EF at 
rest. Life-long cardiologic follow-up is indicated for 
all pts following therapeutic mediastinal irradiation. 








"ABSTRACTS: 


“HEAVY MEDIASTINAL IRRADIATION CAUSING SEVERE CORONARY NAR- 
ROWING IN PATIENTS 15 TO 33 YEARS OF AGE: A POORLY APPRE- 
CIATED CASSE OF CORONARY HEART DISEASE IN YOUNG PEOPLE: 

_ Frank C. Brosius Ill, MD, Bruce F. Waller, MD, William C. 
Roberts, MD, FACC, National Heart, Lung, and Blood 
Institute Bethesda, Maryland 


: Pericardial heart disease after mediastinal irradiation 
(I} is well-known; however, radiation effects upon the 
coronary arteries (CA), endocardium. (valvular and mural) 
and myocardium is not. We studied 15 patients (pts) who 
had I (3660-8000 rads [avg = 6500])} for Hodgkin's disease 
(12 pts), metastatic carcinoid (2 pts), or reticulum cell 
sarcoma (E pt) 12-120 months (avg = 56) before death. The 

“study pts were compared to 5 control subjects (CS) who had 
no I. Of the 15 pts, 3 had had congestive heart failure; 
2 mitral regurgitation, and 1, sudden coronary death. 

< None clintcally had had angina pectoris, myocardial in- 
farction, or valvular heart disease. At necropsy, 30 
major CA (left main [IM], left anterior descending [LAD], 
left circumflex [LU], right [R]) (8-pts) were studied: of 

= them, 12 (40%). had > 75% x-sectional area (XSA) narrowing 
by. atherosclerotic plaque (A) {CS = 0). The CA from 5 
pts were. sectioned in 5-imm segments {total = 293) and : 
examined histologically: 14 (5%) were narrowed 76-100% in 

“XSA (CS. =.0);°42 (14%) 51-75%, (CS = 0); and 237 (81%) 
0-50% (CS = 100%). Only 1 of the 15 study pts had trans- 

mural myocardial necrosis or scar, and this pt had the 
LAD, LC, and R CA narrowed > 75% in XSA by A. Of 15 pts, 
11 had ventricular mural endocardial thickening. Of 60 
cardiac valves examined, 24 (40%) were thickened by fib- 
rous tissue: 12/15 mitral, 5/15 tricuspid, 5/15 ones 
and 2/15 pulmonic. Thus, ‘heavy Į accelerates coronary A 
produces fibrous thickening of the mural and valvular 
endocardium and the pericardiwi but spares the myo- 
cardium. 


= PULSUS ALTERNANS DETERMINED BY BIVENTRICULAR SIMULTANEOUS 
ECHOCARDIOGRAPHIC SYSTOLIC TIME INTERVALS 

Yoshiyuki Hada, MD; Ernest Craige, MD, FACC, University 
of North Carolina, Chapel Hill, N.C. 


“-Pulsus alternans (PA) is generally detected by alterations 
in the systemic circulation, It may, however, also occur 
cin the pulmenary circulation. In order to determine con- 
“@ordant or discordant PA we obtained simultaneous bilat- 
eral STIs from echograms of both semilunar valves in 32 
“patients (age 47.3 +5.5) with various serious heart dis- 


eases excluding semilunar valve stenosis, Results: 
Left PA Right PA Bilateral PA No PA 
5 1 4 “22 


PA, when present, was induced by ventricular premature 
beats (VPBs} and persisted for 3-15 beats. Ventricular 
function as determined by PEP/LVET was not significantly 
different ir patients with. (0.65 + 0.13) or without (0.56 
=t 0,19) eft PA, However,: RPEP/RVET was higher in those 
“with right PA (0.52 +0; 04) vs. those without right PA 
(0,40 t 0,095 p < 0,01), 

“In a retrospective study of 100 cases of congestive car- 
_diomyopathy (age 46.4. +14.8) persistent left sided PA 
was found in 10 patients and VPB induced PA in 7 of 31 
with VPBs recorded. There was ne significant difference 
in PEP/LVET among patients with persistent PA, VPB induced 
PA or without PA (0,71 +0,12; 0.68 +0.14, 0,69 +0.14, 
respectively) , although ali the: ‘echocardiograms revealed 
severe LV dysfunction. 

Conclusions: (1) Symmetrical or asymmetrical PA can eas- 
ily be detected by simultaneous. dual echocardiography. 
(2) Right PA is not rare, (3) VPB-induced PA is common 
in patients with heart failure, but (4) the incidence of 
persistent På in cardiomyopathy is only 10%. 
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IMPORTANCE OF PRE-OPERATIVE WALL STRESS IN PREDICTING 2E- 
GRESSION OF LEFT VENTRICULAR DILATATION IN CHRONIC AORTIC 
INSUFFICIENCY, Andrew G. Kumpuris, MD; Miguel A. Quinones, 
MD, FACC; Donna J, Kanon, BMa; Jean G. Belson, RDMS; Ri- 
chard R. Miller, MD, FACC, Baylor College of Medicine and 
The Methodist Hospital, Houston, Texas. 

To develop predictors of post-operative (op) regression 
of left ventricular (LV! dilatation in pure aortic insaf- 
ficiency (AI), 57 patients (pts) with AI[43 chronic (C$, 
14 acute (A)] and normal coronaries were studied with pre~ 
and post-op echograms. Normal post-op LV diastolic dimen- 
sions (Dd<5.8 cm) were seen in 27.C-AI (Group A) and all 
A-Al, versus increased post-op Dd{>5.8 cm) in 16 C-AI 
(Group B). Significant (p<0.001) differences were noted 
between Groups A and B in pre-op Dd(6.6 vs 7.9 cm), LV end 
systolic (ES) dimension (Ds) (4.3 vs 6.1 cm), shortenirg 
fraction (SF)(0.34 vs 0.22), end-diastolic radius~thick- 
ness ratio (RTR)(2.8 vs 3.7),mean(m) RTR(1.9 vs 2.8),mean 
wall stress (MWS)(252 vs 374 mmHg) and ES stress (8) (69 
vs 288 mm Hg). Pre-op MWS (301 mm Hg) was higher (p<0.C5) 
in A~AI than in Group A but other indices were similar 
(P=NS). Predictive values (PVZ) for post-op Dd<5.8 em in 
C-AT: 

Dd<7.2 Ds<5 SF<.28 RIR<3.2 mRTR<2.5 MWS<300 ESS<235 
PVZ 82 92 80 92 93 90 88 
PVZ for post-op Dd>5.8 cm in C-AI: 

Dd>7.2 Ds>5 SF>.28 8TR>3.2 mRTR>2.5 MWS>300 ES5>235 
PVZ 67 76 56 72 93 86 100 
In Group A, post-op Ds, MWS and ESS decreased significaat- 
ly (p<0.001) from pre-op values. In Group B, post-op Ds 
remained unchanged while MWS & ESS decreased slightly 
(p<0.05). Thus, in C-AI, ESS, MWS, mRTR & Ds are the best 
predictors of post-op regression of LV dilatation and sa- 
perior to SF implying that in C-AI (in contrast to A-AT) 
maintenance of a near normal end-systolic stress-fiber 


length relation through appropriate hypertrophy is esses- 
tial in preventing irreversible cardiac decompensation. 





PARADOXICAL RISE IN LEFT VENTRICULAR FILLING PRESSURE 
WITH POSITIVE END EXPIRATORY PRESSURE VENTILATION: A 
REVERSED BERNHEIM EFFECT. 

John R. Darsee, MD, J. Renald Mikolich, MD, Paul F. 
Walter, MD, Robert C. Schlant, MD, FACC. Emory Univer- 
sity School of Medicine, Atlanta, Georgia 

Controversy exists whether positive end expiratory pres- 
sure (PEEP) ventilation lowers cardiac output by reducing 
left ventricular (LV) preload, increasing LV afterload, 
by influencing contractility, or by combination effects. 
Accordingly, 12 anesthetized mongrel dogs were studied 
both closed and open chest during 0,5,10,15 and 20 cm He@ 
PEEP with high-fidelity measurements ae LV systolic pres- 
sure, LV end-diastolic pressure (LVEDP), and dP/dt, cuff 
or catheter aortic flow probe, and. sonomicrometry of LV 
dimensions. The right atrium was connected to a reser- 
voir for rapid changes in right ventricular (RV) EDP 
measured with a high-fidelity catheter. With chest clo- 
sed, changes were-greatest during 20 cm H20 PEEP: LVEDP 
rose from 4.141.2 to 8,222.4 mmHg as LY systolic fell 
from 12428 to 9844. mmHg, with no change in heart rate, a 
t in stroke volume from 2843 to 1523 ml, + in LVED dimen- 
sion from 30.22 to 27.441.4 mm, + in maximum negative 
dP/dt from -1800+120 to -790+80 mmlig /sec , and + in peak 
wall tension from 11018 to 6446 g/em*, while RVEDP rose 
from 3.920.8 to 10.542.1 mmHg (for all changes p<.01}. 
With lung and pleural factors eliminated in open chest 
dogs during 20 cm 8,0 PEEP, LVEDP rise was less (to 6.9+ 
0.8 mmHg) than with chest closed. With a sudden drop in 
RVEDP (using the reservoir) to pre~PEEP values for 2 
beats (which would not affect LV filling volume for > 5 
beats), LVEDP fell to < 2 mmHg in all dogs. We conclude: 
1) a paradoxical + in LVEBP with + LVED dimension (+ LV 
compliance) during PEEP is caused primarily by elevated 
RVEDP transferred across the septum; and 2) withRV fac- 


tors transiently removed, PEEP is associated with + 
LVEDP and + LV wall motion. 
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ATRIAL HYPEREMIA AND ISCHEMIA DURING ACUTE MITRAL 
REGURGITATION 

Kirit Gosalia, MD, David Sewell, MD, John Oxendine, BA, 
‘William Neill, MD, VA Medical ‘Center and Tufts University 
School of Medicine, Boston, Massachusetts 

< Coronary blood flow (CBF) presumably is regulated by meta- 
bolic requirements for myocardial work. We determined the 


ceffects of acute increase in left atrial (LA) pressure (P) 


due to mitral regurgitation (MR) on regulation of CBF to 
othe left and right atrial (RA) myocardium. Experiments 
“were done in 13 open chest dogs. Graded degrees of MR 
“(mild 7 dogs, moderate 5 dogs, severe 7 dogs) were created 
by ‘severing chordae tendinae through a left ventricular 
apical myotomy, CBF distribution was determined by the 
microsphere method. 





LAP RAP LA CBF RA CBF 

mmHg mmHg mi/min.g -Z total ml/min.g Z total 
Control 8 4 0.47 3.3 0.27 Dak 
Mild MR 12% 4 0.55% 3.4 0. 36* 2.4% 
Mod. MR 20* 4 0. 75* 4.5% 0.43% 2.8% 
Sev. MR 32% 5 0.30* 1.9% 0.42 3.4% 


i k Different from control, p < 0.06 
Mild or moderate MR increased LAP. The LA CBF increased, 
“and the LA received a larger percent of the. total cardiac 


oo ERE, These results imply that augmented LA pressure work 


caused coronary vasodilation in the LA myocardium. RA CBF 
“also increased during MR despite constant RAP, suggesting 
-some {interdependence between regulations of right and left 
trial perfusion. Severe MR.with very high LAP signifi- 
antiy decreased LA CBF but mot RA CBF. We speculate that 
dntramyocardial compression from high LA wall tension may 
“have impeded LA perfusion during severe MR. LA ischemia 
from this mechanism could contribute to atrial arrhythmias 
zin patients with mitral valve disease or left ventricular 
< failure. 


CAN INTRACARDIAC VOLUME CHANGES ADEQUATELY EXPLAIN R-WAVE 
VARIATIONS ASSOCIATED WITH ACUTE CORONARY ISCHEMIA? 
Daniel David, MD, Joel Morganroth, MD, FACC, Chin C. Chen, 
MD, Masahito Naito, MD, Val Marey, Eric L. Michelson, MD, 
Leonard 8. Dreifus, MD, FACC, Lankenau Hospital, Jeffer- 
son Medical College, Philadelphia, PA 
Previous human studies have. attributed the increase in R- 
wave amplitude during coronary ischemia to an increase in 
: beft..ventricular (LV} volume (the Brody effect}. To test 
this hypothesis, R-wave voltages (R) in leads X, Y, Z, II 
“and V6 were compared to M-mode and cross sectional echo- 
cardiographically determined LV end diastolic volume 
(LVEDV) and end diastolic. diameter (LVEDD) in 11 open- 
chested dogs. The left anterior descending and circumflex 
coronary arteries were occluded temporarily and data col- 
lected during the hyperacute ischemic period (HIP) (1 min. 
after ligation (L)), during the peak ischemic period (PIP) 
(4-5 mins. after L}, and 5 minutes after reperfusion {REP} 
Results are shown as percent of change from control + SE. 


HIP PIP REP 
LVEDV +27 Ł 4.8 +444 3.6 +4 +0.9 
LVEDD +15 £1.8 +421 2.4 +2 + 0.6 
Rin X -13 25.1 #13 46.0 -0.1 + 3.3 
R in Y -14 22.7 +12 4.2 +0.4 20.9 
Rin Zz -~ 4246.3 -8487 -2 +0.9 
Rin I! “1345.1 +13 +2.4 -3 211.8 
R in V6 -14 + 2,7 +417 46.0 +43 +£1.28 


“Accompanied by a progressive increase in LVEDV and LVEDD 
during HIP and PIP, R-wave amplitude decreases in HIP and 


= subsequent ly increases in PIP and returns to control in 


‘REP. Thus, the Brody effect does not account for the 

‘initial R-wave changes during hyperacute ischemic period. 

Mechanisms other than the Brody effect must be considered 

to explain the change in R-wave amplitude during acute 
coronary ischemia. 


ABSTRACTS 
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CORONARY CRITICAL CLOSING PRESSURE DURING CONTROL AND 
MAXIMAL VASODILATION 
Joseph A. Gascho, MD: Stanley L.*Herr; Melvin L. Marcus, 
MD, FACC, Univ of Iowa and VA Hosps., Iowa City, Towa, 
There is little information about critical closing 
pressure (CCP) in the coronary arteries, ‘Bellamy (Cire os 
Res 43:92, 1978) estimated by extrapolation that the dias< 
tolic CCP was 45 mmHg during control conditions, and dés o= 
creased to 20 mmHg with adenosine. To further evaluate > 
this problem, we studied pressure-flow curves in 5 chlor=" 
alose anesthetized open chest dogs. We perfused the cir= 
cumflex (CX) coronary artery via the femoral artery by a 
servo-controlled pump. This allowed us to maintain any. 
desired pressure; flow was measured with an electromagnet- — 
ic flow meter. ae 
We studied pressure~flow curves during control condi~ < 
tions, and during maximal coronary vasodilation with in=- 
tracoronary (1C).and intravenous (IV) adenosine. The 
doses of adenosine used ablated the reactive hyperemic 
response to coronary occlusion. CCP was ‘determined by ex 
trapolating the CX coronary flows at CX. coronary pressures 
of 1929 (X#SD) to 3614 mmHg. In this pressure range, 
there was an excellent linear relation between pressure 
and flow (mean correlation coefficient of the 15 measure~- 
ments was .95+.07}, and’ the difference between extrapo- = 
lated CCP and lowest pressure measured was only 515 mmg- 


RESULTS: HR (beats/min) AoP (mmHg) CCP (mhte) 
Control 1402+13 124213/89211 1149 
IC Adenosine 146412 128415/89+8 1429 
IV Adenosine 101421* 497 £14/50+11* 1449 


*P<.05 vs. IC adenosine, control 
CONCLUSIONS: i f 
{1) During control conditions, the CCP averaged for the 
entire cardiac cycle is lower than previously noted... (2): 
IC adenosine, without systemic hemodynamic effects; or ive. 
adenosine, with significant systemic hemodynamic effects, 
does not alter CCP. : 





SELECTIVE VULNERABILITY OF THE PAPILLARY MUSCLES TO 
SEQUENTIAL BLOOD FLOW CHANGES INDUCED BY ISOPROTERENOL. 
Franklin C. Clayton, MS; Galen M. Pieper, MS; Gordon L. 
Todd, PhD and Robert S. Eliot, MD, FACC, University of 
Nebraska Medical Center, Omaha, NE. 


The sequential changes in regional myocardial blood flow 
(MBF) following infusion of isoproterenol (ISP) were in~ 
vestigated with 15u radiotracer microspheres in open% 
chested, anesthetized dogs. They were continuously in- 
fused for one hour with.a necrogenic dose.of ISP (2.5 ug/ 
kg/min) and MBF determined prior to and after 5, 15, 30 
and 57 min of infusion. Measurements of MBF were made in 
four circumferential regions (anterior, lateral, poster- 
ior and septal) for each of three levels {apex, mid and 
base). Each tissue block was further divided, into -endo~ 
cardial (ENDO), midmyocardial (MID) and epicardial. (EPI) 
thirds. In general, flow increased to a plateau by 15 
min for all areas with the left ventricular free wall 
ENDO receiving only approximately 4 as much flow as the 
EPI (Control ENDO=1.2010.05, EPI=0.91+0.04; ISP 15 min 
ENDO=2.6710.16, EPI=4.18+0,.27 ml/min/gm). In contrast, 
the anterior and posterior papillary muscle MBF did aot 
significantly increase throughout the infusion period. 
There were only limited cases of heterogeneity in MBF in 
circumferential regions or apex to base levels. Therefore, 
isoproterenol stressed hearts exhibited a marked trans~ 
mural gradient in MBF with a selective vulnerability of 
the inner layers. While ENDO blood flow may be margin- 
ally adequate, the 1SP-induced MBF redistribution is even 
more accentuated in the papillary muscles which can sepoi 
iously affect normal cardiac function. 
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ABSTRACTS 


THURSDAY, MARCH 13, 1980 

AM 

CORONARY ARTERY DISEASE: THERAPIES 
8:30-10:15 


IMPROVED MYOCARDIAL PERFUSION AND FUNCTION FOLLOWING 
PERCUTANEOUS TRANSLUMINAL CORONARY ANGIOPLASTY (PTCA) 
Kenneth M. Kent, MD, FACC; Robert 0. Bonow, MD; Douglas R. 
Rosing, MD; Lewis C. Lipson, MD; Stephen L. Bacharach, PhD; 
Michael V. Green, MS; Stephen E. Epstein, MD, FACC, NIH, 
Bethesda, Md. 


PTCA reduces the degree of coronary arterial stenoses and 
improves exercise capacity in selected patients (pts) with 
-geronary artery disease. The purpose of this study was to 
determine whether the improvement in the angiographic ap- 
“pearance of the coronary arteries would reduce exercise- 
induced abnormalities in myocardial. perfusion and function 





>O Six consecutive pts with one (5 pts) or 2 (1 pt) coronary 


“varterial stenoses 075% diameter reduction) had perfusion 
(71291) and gated blood peol (Tc 99m scans at rest and 
' during exercise before and 10 to 21 days following PTCA. 
os Before PTCA, off medication, all pts had normal left ven- 
“tricular (LV) blood pool and perfusion scans at rest. 
< During exercise, all pts developed angina, 5 of 6 pts de- 
“veloped IV wall motion abnormalities (ventricular tachy- 
“Veardia terminated exercise in the 6th pt), LV ejection 
‘fraction either. remained unchanged or fell, and 3 of 6 de- 
veloped perfusion abnormalities. PTCA reduced the average 
stenosis from 83£4% to 43%4% (p<0.01). The average gradi- 
ent across the stenoses was reduced from 6344 to 28%6 mmHg 
(p<.01). Following PTCA, none of the pts developed angina 
during exercise. LV function and perfusion were unchanged 
at rest, but during exercise none of the 6 pts developed 
LV wall motion abnormalities, and ejection fraction during 
exercise increased in each of the pts from the rest value 
and was greater than the pre PTCA value during exercise 
(mean 5343% pre PTCA to 632% post PTCA, p<.05). The ex- 
ercise~induced perfusion abnormalities present in 3 pts 
before PTCA were absent after PTCA. Thus, these results 
demonstrate that the angiographic improvement obtained 


with PTCA leads to augmentation of functionally important 
coronary blood flow during exercise. 


COMPARISON OF TWICE DAILY AND FOUR TIMES DAILY THERAPY 
WITH PROPRANOLOL IN ANGINA PECTORIS. 
Udho Thadani, MRCP, FRCP(C), John O. Parker, FRCP(C), 
FACC, Queen's University, Kingston, Ontario. 
The efficacy of propranolol when used twice daily and 
four times daily was compared in 25 patients with stable 
angina pectoris. The patients were on a maintenance 
> daily dose of propranolol (160 to 320 mg) for at least 3 
months before entering the study and the same dose was 
prescribed during the definitive study. The study was 
double blind and cross over in design and each dose 
schedule was prescribed for a two month period. For a 
given patient, the total daily dose of propranolol was 
kept constant throughout the study. No adverse effects 
occurred when patients were switched between treatment 
schedules, The average number of anginal attacks experi- 
- enced were 646 and 7+8 per month (meant+1SD) with twice 
daily therapy and 6+5 and 6+6 per month with four times 
daily therapy. Exercise times to angina 6 and 8 hours 
after a previous dose of propranolol during twice daily 
therapy were; month 1 3564138 and 3584147 sec; month 2 
3754137 and 3854148 sec; and these values were similar to 
those obtained at 2 and 4 hours after the previous dose 
during four times daily therapy; month 1 350+143 and 
3514157 sec; month 2 3754142 and 366+137 sec. The values 
for ST segment depression and rate pressure product at 
the onset of angina during twice daily therapy were 
similar to the corresponding values during four times 
daily therapy. The results show that propranolel given 
twice daily is as effective as when given four times 
daily in the treatment of angina pectoris. 
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MECHANISM OF THE BENEFICIAL EFFECT OF INTRA-AORTIC. 
BALLOON PUMPING IN PATIENTS WITH REFRACTORY ANGINA. 
James L. Whittle, MD, Robert L. Feldman, MD, Carl J. 
Pepine, MD, FACC, Wilmer W. Nichols, Ph.D., FACC, John 
Selby, MD, FACC, Thomas Kelly, MD, €. Richard Conti, MD, 
FACC, University of Florida, Gainesville, Florida. 





Beneficial effects from intra-aortic balloon pumping (IABP) 
in patients(pts) with coronary disease(CAD) may result 
from reduced left ventricular (LV) Qə requirements and/or 
improved 09 delivery (VQ). Accordingly, we studied re- 
gional LV flow({F) and VO) during and 5 min after IABP in 

7 pts with severe angina persisting on propranolol and ni~ 
trates. IABP promptly eliminated evidence for ischemic 
(isch), ie. angina and ECG changes, in each pt. Total, an- 
terior (supplied by anterior descending) and posterior 
(supplied by circumflex and right CA's) LVF and VO9 were 
assessed by coronary sinus(CS) and great cardiac vein(GCV) 
sampling. LV. regions were considered isch if ST shifts 
were observed in either anterior or inferior ECG leads 
during angina before IABP. Of 14 regions studied, 9 were 
isch and supplied by CA's with 5 90% narrowing. Five, con- 
sidered non-ischemic, were supplied by CA's with lesser 
narrowing. 

Heart rate and mean aortic pressure were noc significantly 
changed by IABP. CSF was greater during IABP(12719,mean + 
SEM) than off IABP(113110 ml/min,p<0.05). Isch region F 
increased during IABP compared to off IABP(60+8 vs 5018 
ml/min,p<0.01). Nonsisch region F was unchanged (67215 mi/ 
min,p=NS). Total LYVO9 was similar during and off [ABP 
(12.240.6 vs 11.4+1.0 ml/min, p=NS). However, isch region 
LVVO2 was higher during IABP(4.820.7 vs 3.70.7 mlřmin, 
p<0.01). Non-isch region LVVO, was higher during I4BP(4.8 
40.7 vs 3.7+0.7 ml/min,p<0.01). Non~isch region LV¥O9 was 
similar (7.40.4 vs 7.7+1.2 mi/min,p=NS). The data suggest 
that in certain pts IABP selectively increases 09 delivery 
te isch LY regions. 


DOSE RESPONSE AND DURATION OF ACTION OF ORAL ISOSORBIDE 
DINITRATE DURING SUSTAINED THERAPY IN ANGINA PECTORIS. 
Udho Thadani, MRCP, FRCP(C), Andrew Darke, Ph.D., 
Ho-Leung Fung, Ph.D, and John O. Parker, FRCP(C), FACC. 
Queen's University, Kingston, Ontario. 

Dose response relationships during sustained therapy with 
isosorbide dinitrate (ISDN) in angina pectoris (AP) are 
not known. Twelve patients (pts) with exertional AP were 
studied. After therapy with placebo (PL) for 2 weeks, 
the effects of PL on heart rate (HR), systolic blood 
pressure (SBP) and treadmill walking time (WT) to AP were 
measured for 8 hours (hj. ISDN 15 mg four times daily 
was then prescribed for 7 days and the dose doubled at 
weekly intervals to a maximum of 120 mg four times daily. 
Before each dose increment, the effects of the previous 
dose were evaluated over an 8h period. Plasma ISDN con- 
centrations were also measured. At rest SBP decreased at 
1,2, and 4h after each dose of ISDN in comparison to PL 
values (P<0.01). The mean values for WT to AP in seconds 
are shown. 





Oh ih 2h 4h 6h 8h 
PL 375 402 400 368 382 406 
ISDN 15 mg 366 460* 4504 370 389 392 
ISDN 30 mg 381 457% 4564 394 404 409 


ISDN 60 mg 389 480x 469% 389 429 414 
ISDN 120 mg 381 473% 452* 382 413 407 

* = P<Q.05 in comparison to PL. Angina occurred at the 
same product of HR x SBP before and after ISDN. A 
significant improvement in exercise tolerance after any 
given dose of ISDN was demonstrated at 1 and 2 hours, but 
a dose response relationship did not exist. The short 
duration of effects of ISDN on exercise tolerance during 
sustained therapy differ from the prolonged salutary 
effects reported with acute ISDN therapy. 
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$. EFFECTS OF DOBUTAMINE ON MYOCARDIAL OXYGEN CONSUMPTION 
AND LEFT VENTRICULAR FUNCTION IN PATIENTS WITH CHRONIC 
< HEART FAILURE DUE TO ISCHEMIC HEART DISEASE 
> Kanu Chatterjee, MB, FRCP, FACC; Ruby Bendersky, MD; 
Thomas A. Ports, MD; Bruce H. Brundage, MD, FACC; Anne 
Holly, BS; William W. Parmley, MD, FACC, University of 
“< Galifornia, San Francisco, Ca. 


To evaluate the effects of the inotrope, dobutamine, (DB), 
on myocardial oxygen consumption (MVO2),changes in coro- 
nary sinus flow (CSF), MVOg (CSF x A-VO2), rate/pressure 
(RP) product (peak systolic arterial pressure x heart 
rate), and transmyocardial lactate extraction (LEX) were 
studied in 6 patients (PTS) with chronic heart failure 
during infusion of DB at a rate of 1, 2.5, 5.0 and 10.0 
yig/ke/min. Changes in cardiac output (CO), right atrial 
and pulmonary capillary wedge pressure (PCW) were also 
determined. 
DB oo RP MYO, = PCW 
(g/kg/min) (min) (mmig/min/1073) (ml/min) (mmig) 


3.9+1.2  11.644.6 14.647.2 2843.8 
x 4.61.5  12.573.8 18.019.5 2944.3 
5 5,742.5  14.444.0 19.748.7 2843.7 
10 6.643.0  17.9%4.5 20.445.5 2745.2 


-Increased © with unchanged PCW suggests improved LV 
function. But, MVOg and RP increased concurrently, LEX 
‘remained unchanged in 5 PTS and changed to lactate pro- 
duction in 1 PT. These findings suggest improved cardiac 
performance with DB is associated with increased MVO2, 
probably related to increased myocardial O, demand. 













IMPROVED CARDIAC FUNCTION DURING CORONARY PERFUSION WITH 
LOW. OXY~HEMOGLOBIN AFFINITY HUMAN RED BLOOD CELLS 
Carl S. Apstein, MD, FACC, Richard Dennis, MD, John J. 

~ Vecchione, MD, Jonathan Frazer, BS, and C. Robert Valeri, 
MD, Cardiac Muscle and Naval Blood Research Laboratories, 
Boston University School of Medicine, Boston, Ma. 





With coronary artery disease (CAD) 0. delivery may be 
adequate at rest, but inability to dilate may limit 05 
delivery in response ta stress. We modelled this situa- 
tion in isolated, isovolumic (balloon-in-LV), rabbit 
hearts (37° C) where CA flow was held constant during rest 
and isoproterenol (Iso} stress; we tested the ability of 
low oxy-hemoglobin (Hb) affinity human RBC to increase 09 
- delivery with fixed CA flow. High affinity (HAF) RBC re- 
= gulted from standard blood bank storage conditions. Low 
“affinity (LAF) RBC were made by incubation with pyruvate, 
inosine, phosphate and adenine to increase the 2,3 di- 
phosphoglycerate (2,3-DPG) level to 200% of normal. The 
p50 for the LAF RBC was 34.4 + 0.5 vs. 18.2 + 0.3 mm Hg 
for the HAF RBC (P< 0.001).- Except for the differing 
O9-Hb affinity, the preparations had the same perfusate 
composition, arterial Hb and 02 contents, LV volume and 
CA flow rate. Six-ten alternating 15 min runs of HAF and 
LAF RBC were compared in 7 hearts. In unstressed hearts, 
compared to HAF, LAF RBC increased myocardial 02 consump- 
tion (MVO>) by 47% (P{0.01), but did not consistently 
affect contractile function. However, during Iso stress, 
compared to HAF, LAF RBC increased myocardial 09 consump- 
tion by 36% (P<0.005) and LV developed (systolic- 
diastolic) pressure by 13% (P( 6.001). Thus, during 
stress, with fixed CA flow, LAF RBC can enhance myocardial 
Og delivery and improve contractile function. Conclusion: 
Since standard blood storage produces HAF RBC, LAF RBC 
should be considered in patients with CAD when extensive 
RBC replacement is necessary, such as during cardiac 
-< surgery, or after trauma and hemorrhage. 


ABSTRACTS ~ 


PROGRESSION AND REGRESSION OF CORONARY ARTERY DISEASE 

IN POST-INFARCTION PATIENTS UNDER AGE 40 eos 
Peter Stirzenhofecker, MD; Helmut Gohlke, MD; Lothar Gör- 
nandt, MD; Wilhelm Haakshorst, MD; Helmut Roskamm, MD, FACC, 
Rehabilitationszentrum, Bad Krozingen, Germany 


This study was undertaken to delineate the angiographic 
progression (progr.) or regression (regr.} óf coronary 
artery disease (CAD) in young patients (pts} after myo- 
cardial infarction (MI). 500 pts under age 40 with a 
history of MI underwent a first coronary angiogram. 193 
pts who had their first angiogram more than 3 years. he~ 
fore were asked ~ irrespective of symptoms - to have a’ 
repeat study done: 34 pts did not respond, 27 refused, 
13 had died, 5 were excluded for medical: reasons. 114 
had a repeat study an average of 3.8 years after the : 
first. Progr. or regr. of CAD was assumed if there wasa 
difference of two grades based on the AHA classification = 
of stenoses. 





RESULTS: total Progr. no change Regt. 
ts 114/100% 31/27% 64/56% 19/17% 
ee / $ f f 
; 21/673 =æ- 22/26% 
nicotine use ~ 
vessel: LAD 114/100% 12/10% 857/75% ani 
ACX 114/100% 18/164% 96/84% oO% 
RCA 114/100% 20/17% 90/793% 4/4 uy, 
cea SH 
CONCLUSION: 


The majority of pts showed no change of their coronary 
morphology. Progr. was equally frequent in all three 
vessels. Regr. was only seen in pts with unilocular di- 
sease, occurred predominantly in the LAD, and was not 
seen in the ACX. Pts with progr. of stenoses continued 
to smoke more often. 


THURSDAY, MARCH 13, 1980 
AM ; 

THALLIUM 201 SCINTIGRAPHY. 
8:30-12:15 


MECHANISMS FOR THE DISAPPEARANCE OF T1-201 DEFECTS AT REST 
OVER TIME. Robert D. Okada, M.D., Jeffrey A. Leppo, M.D., 
H. William Strauss, M.D., Willard M. Daggett, M.D., FACC, 
Charles A. Boucher, M.D., FACC, Marshall L. Jacobs, M.D., 
John B. Newell, Gerald M. Pohost, M.D., FACC. 
Massachusetts General Hospital, Boston, Massachusetts. 

The disappearance of defects on rest T1-201 scans may be 
due to accumulation of Tl by ischemic (1) zones or the re- 
lease of Tl from normal (N) zones. This study was per= 
formed to define the contribution of each in mild-moderate 
I and severe I. Miniature. radiation detectors were. im- 
planted in the left ventricle in 8 open-chested dogs al- 
lowing continuous monitoring of regional Tl activity. A 
balloon constrictor was used to create.a fixed reduction 
in coronary blood flow by reducing distal left anterior 
descending pressure to 30-40mmHg while aortic pressure was 
maintained at 100mmHg. After 45 min of partial occlusion, 
ImCi of Tl was injected I.V. and counts: (cts) were record- 
ed continuously for 4 hrs in the I and N zones. Micro- 
sphere determined regional blood flow did not change sig- 
nificantly during each study. 

In all 8 dogs, Tl cts in the N zone peaked within 10 min 
then fell mono-exponentially at a mean rate of -7.94+4.1 
(sD)Z/hr. In 4 dogs with mild to moderate I (I flow=45. to 
80% of N), Tl cts in the I zone peaked at a mean of 175+50 
min then decreased. In 4 dogs with severe I (1 flow <30% 
of N), Tl cts peaked within 10 min, then decreased, ‘The 
ratios of Tl cts I/N and % change in Tl.cts/hr (meantSD, 
*=p<,05) were: 








Minutes 5 Tl Mild-Mod I Severe I 
10 STRIK +214.09~, 
Ratio Ti ets 1/N 4 240 -85.207 30E. AO 
19-120 8,243.6 -Fa 642. 2 + z 
% change Tl cts/hr 1204240 5: 943. 6 ; ; 







e 
I resolve by release of Tl from N zones and accumulation 
of Tl by I zones, whereas defects due to severe T resolve | 
very slowly solely by washout from the N zones. 
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ABSTRACTS 


‘<THE EFFECT OF TRANSIENT ISCHEMIA WITH REPERFUSION ON 


“THALLIUM CLEARANCE FROM THE MYOCARDIUM 
Henry Gewirtz, M.D., Ali Maksad, M.D., Albert S. Most,MD, 
FACC, Michael J. Sullivan, and Douglas Shearer, PhD. 
Rhode Island Hospital and Brown University, Providence,KI 
Serial imaging with thallium (Tl) is often used to 

differentiate ischemic from infarcted myocardium. The 
following study was done to determine if transient is- 
chemia following Tl administration could alter the ap- 
pearance of the scan by influencing clearance of Tl from 
the heart. Eight dogs were given 193pu labeled micro- 
spheres (MS) via the left atrium and 4 min later Tl was 
given IV. Blood draining myocardium in the distribution 
of the left anterior descending (LAD) coronary artery was 
obtained from a catheter in the great cardiac vein and Tl 
activity and potassium concentration measured in it. One 
hour after Tl was given the LAD was occluded for 10 min 
and then reperfused for 20 min. sc labeled MS were 
given 5 min after occlusion. After 20 min of reperfusion 
the dog was sacrificed and the heart counted for Tl and 
MS activity. Regional blood flow (Z control-mean+SEM) 5 
min after occlusion decreased in the LAD zone (33+2,P< 
.O1) but was unchanged in the circumflex zone (111410, 
P=ns). During LAD occlusion potassium efflux (mEq/min x 
107%) increased markedly (~71.5+1.04, P<.01 vs control 
(.34+2,4) from myocardium distal to the occlusion. In 
contrast Tl efflux (iCi/min x 1072) was similar to con- 
‘trol €~0.740.4) both during occlusion (-1.1+0.3, P=ns) 
and in the Ist min of reperfusion (-0.8+0.5, P=ns). Post- 
mortem Tl activity (LAD:circumflex zone) in the study 
dogs (1.01+.05). was similar to 5 non-occluded controls 
(1.0440.5,P=ns). We conclude: 1) Ti unlike potassium does 
not leak from ischemic myocardium 2) transient ischemia 
with reperfusion does net alter the rate of TI clearance 
from the myocardium 3) clinically, ischemia occurring 
after Tl administration may not be associated with a new 
or enlarged defect on serial scans. 


-THE RELATIONSHIP OF CORONARY FLOW TO T1-201 REDISTRIBUTION 
Jeffrey A. Leppo, M.D., Robert D. Okada, M.D., J.L. 
Guerrero, H. William Strauss, M.D., Gerald M. Pohost, M.D. 
FACC. Massachusetts General Hospital, Boston, Mass. 

Clinically, the appearance of new or enlarging defects 
on. redistribution T1-201 (T1) myocardial scans have been 
attributed to changes in coronary flow subsequent to the 
initial injection. To determine the impact of a delayed 
increase. in coronary flow on normal Tl redistribution over 
a 2 hr period studies were performed in 6 open-chested 
anesthetized dogs. Mean coronary flow was monitored with 
electromagnetic flow probes on the left anterior descend- 
ing (LAD) and left circumflex (LCX) arteries and aortic 
pressure was held constant with a flow reservoir and 
pump. Sc-46 microspheres were injected into the left 
atrium and Tl injected intravenously at time zero. Ten 
min later, 4 dogs received a continuous adenosine infusion 
into the proximal LCX for 110 min while in 2 other animals 
no adenosine was given. A second radioactive microsphere 
(Sn~113) injection was performed and all dogs were sacri- 
ficed at 120 min. Both LAP and LCX myocardial regions 
were-each divided into 30 full thickness 1 gram sections 
for gamma well determination of isotopic activities. The 
dinitial-and final microsphere determined flows (Q) and Tl 
content in the LCX and LAD are presented as mean ratios 
+ S.D. 

Group Initial LCX/LAD © Tl LCX/LAD Final LCX/LAD Q 
Adenosine 1.05+.09 0.994+0.10 2.0840.78 
Control 0.9940 .06 0.974+0.01 0.994+0.04 
Despite a nearly two fold increase in flow to the LCX re- 
gion br 110 minutés (p<.02}, T1 content was identical in 
the LCZ and the normal flow zone (LAD region). The control 
studies demonstrate a stable relationship between LCX and 
LAD regional blood flow and Tl content over a 2 hr study 
period. These data suggest that Tl redistribution during 
the first 2 hrs after its initial injection is independent 
of subsequent changes in blood flow. 








INCREASED SENSITIVITY OF KINETIC VS. STATIC T1~-201 IMAGING 
IN DETECTING ACUTE «ALTERATIONS IN MYOCARDIAL PERFUSION 
Michael R. Jones, MD; Robert M. Beihn, MS;John D.Slack,MD; 
Michael Vannier, MD; Susan R.Yonts,RT; Henry G.Hanley,MD; 
Katherine A. Fowler, BS; Charles 0.Lewis, MS; YA and Univ. 
of Kentucky Medical Certers, Lexington, Kentucky. 

Since redistribution cf Thallium-201 may limit the sensi- 
tivity of myocardial perfusion scintigraphy in detecting 
transient myocardial perfusion abnormalities, a new tech- 
nique to analyze the minute to minute deposition kinetics 
of T1-201 was developed. This technique computes separate 
rate constants (K) for T1-201 myocardial deposition dur- 
ing each of two minutes following the T1~201 injection. 
The K values are derived for each pixel cf a 64x64 com- 
puter matrix by exponential least squares analysis. 

This kinetic method was compared with static imaging in 
10 dogs chronically instrumented with circumflex (cx)flow 
probes and occluders, LV pressure transducers, and ultra- 
sonic segment length crystals. Each animal underwent a 
control study with atrial pacing CHE=180) and later stud- 
ies with pacing and graded cx occlusions reducing flow 
from 10-64%. Ti-201 was injected after flow was stable in 
each study. K values for myocardial deposition in the ex 
area were determined for each of the next two minutes. 
Pacing was stopped and the occlusion released after the 
first minute. Conventicnal static images were collected 
from 0.5 to 30 minutes. Results: K values for Tl-201 accu- 
mulation in the cx distribution were reduced during part- 
ial occlusion (-15.75%48.7 to ~70,31*+19. 34 ,mean+SEM, P<.05, 
N=16) in 15/16 studies and increased on release of the 
occlusion (to 43,13*+13.30,P*.001) in 16/16 studies. Only 
1 of 16 studies produced an abnormal static image. Con- 
clusion: Kinetic T1-201 imaging is more sensitive than the 
static technique in detecting acute alterations in myo- 
cardial perfusion. It may be clinically useful in detect- 
ing rapidly reversible perfusion defects. 

*X10-4sec—1 


QUANTITATION. OF TL-201 MYOCARDIAL DISTRIBUTION AND 
WASHOUT: NORMAL STANDARDS FOR GRADED EXERCISE STUDIES 
Denny D. Watson, Ph.D: Norman F. Campbell, MD; Bruce C. 
Berger, MD; George A, Beller, MD, FACC, University of VA, 
Charlottesville, VA. 


A computer technique has been used to determine the rela- 
tive initial uptake and washout rates of thallium-201 
(2017) in patients undergoing stress perfusion imaging. 
Images were taken censecutively for 10 min in the anter- 
ier and 45° LAO prejection starting at 10 min, 1 hr, and 
2 hrs after injection. A modified bilinear interpolative 
method was used to estimate background and determine net 
residual myocardial counts. Peak residual counts in 
selected myocardial regions from the initial images were 
used to determine the initial relative distribution of 
20lr1, Time activity curves were constructed from the 
sequential images and linear regression analysis allowed 
determination of the myocardial Ti washout rate. In 
25 patients, including 16 with normal coronary angiograms 
and ventriculoegrams and 9 asymptomatic and clinically 
normal subjects, the mean ratios (+8D) of activity 
between various regions of myocardium were: Infericr(1)}/ 
Anterclateral(AL)=0.86 + 0.12: Anteroseptal(AS}/Postero- 
lateral (PL)=1.00 + 6.15; Inferoapical(1A)/AS or PL=0.89 + 
0.12; Right Ventricle/AS or PL=0.30 + 0.13. The mean 
washout Tk (hrs) from these regions was: 1*3.98 + 1.3; 
AL=3.85 + 1.3; AS=4.17 + 1.3; PL#=4.07 + 1.6: TAs4.17 + 
2.2. Numerical standards based upon these normal values 
and ranges were applied to studies cf 140 patients of 
which 110 had angiegraphic evidence of coronary artery 
disease and yielded.a sensitivity and specificity of 91% 
and 90% respectively. Thus, this method provides a 
simple and reproducible method of quantitation and useful 
reference standards for the objective evaluation of 20l} 
images. 
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COMPUTER ANALYSIS OF THALLIUM-201 MYOCARDIAL PERFUSION 
SCINTIGRAPHY: CIRCUMPERENTIAL MAPPING 

Gregory $. Uhl, MOvand Thomas D. Kay, BS, USAF School of 
Aerospace Medicine, Brooks Air Force Base, TX. 


° hall vum-201 (fl) scintigraphy enjoys widespread use to 


evaluate regional myocardial perfusion. The interpretation 


“Qf TL images remains subjective and qualitative despite 


| the availability of computers for data acquisition and 
“co processing. A new computer technique for analysis of Tl 


--B¢ans uses a circumferential map of the Tl image for ob- 
jective comparison of stress and reperfusion scans. Com- 


ci plete cardiac cycle gated. Tl images were obtained in 4 


standard views on 102 patients. The computer algorithm 
automatically performs background subtraction (never 225%), 
filtering, enhancement and normalization and displays 
beating heart images in differential color graphics that 
show. areas of maximum to minimum Tl perfusion. The opera- 
tor selects discrete areas of the cardiac cycle and myo- 
cardium to be mapped. Hard copy graphics and digital data 
display circumferential profiles at 5 degree radials com- 
paring wall thickness, total TI uptake, Tl uptake per unit 
area, and % reperfusion or washout for both Tl images. 
Normal limits + 2 SD were determined from 77 cath proven 
:- normat patients (age 42 + 6) by averaging the maps with 
-images aligned at the apex. Maps from 17 men with coronary 
= arkery disease without myocardial infarction (MI) and 8 
| patients with previous MI were compared to the normals and 
all found to differ significantly from the normal limits. 
The defects were scored quantitatively and agreed with 
subjective visual interpretations though the maps elimin- 
ated intérobserver differences. In conclusion, this method 
"JOf computer assisted analysis allows the comparison of 
stress and reperfusion Tl images to a normal circumferen- 
tial map and is applicable to any projection and either 





> orightoor left heart myocardium. 


PROBLEMS WITH THE DEFINITION OF A NORMAL TOMOGRAPHIC 
THALLTUM-201 PERFUSION SCINTIGRAM 

Steve Collins, Ph.D; James €: Ehrhardt, Ph.D; Raymundo T. 
Go, MD; Dan Francisco, MD; Melvin L. Marcus, MD, FACC, 
University of Iowa, Iowa City, Ia. 





Quantitative interpretation of tomographic thallium-201 
(11281) perfusion scintigrams requires a precise defini- 
= tion of normal. Previous approaches have used normal 
curves (mean-2 standard deviations {S$D}) obtained from 
patients (pts) with coronary obstructions <55%. Use of 
this simple statistical approach and the inclusion of pts 
with moderate coronary artery disease (CAD) is suspect. 
We studied 28 pts without significant CAD - <55% obstruc- 
tion by arteriography. 17 pts had minor (<30%) or no le- 
sions while 11 had moderate CAD (8 with 30-55% single 
vessel obstruction, 3 with systolic compression). Maximal 
coronary vasodilation was induced with dipyridamole (0.15 
mg/ka/min i.v. x 4 min) prior to 7129! injection. Seven 
pinhole scintigrams were obtained and analyzed using an 
approach similar to the CIRCLE program. Normal curves 
(mean-25D) were derived from 27 of the tomograms (1 ob- 
vious false positive excluded). 13 of 28 pts (46%) had 
positive _tomograms (exceeded mean-25D at one or more 
points {x+1SD=16+14 points}). We also compared the tomo- 
grams from the 11 moderate CAD pts to the range observed 
in 16 pts with minor or no lesions (same false positive 
excluded}. Using this modified criterion, 5 of 11 pts 
with moderate CAD had perfusion defects - exceeded the 
“range at one or more points (x=36+25 points). Moreover, 
~ the location of these defects was concordant (5 of 5) 
“with the anatomic distribution of the lesions. We con- 
«¢lude that, in defining normal, a simple statistical ap- 
-proach (mean-25D) results in a high false positive rate 
because of the non-Gaussian data distribution and that 


‘pts with moderate CAD should probably be excluded because 
about. 45% have detectable perfusion abnormalities. 


ABSTRACTS 


201TL IMAGING IN PATIENTS WITH MYOCARDIAL INFARCTION: A 
COMPARISON OF PLANAR AND SEVEN-PINHOLE TOMOGRAPHIC IMAGES. 
James L, Ritchie, MD, FACC; James H. Caldwell, MD; 

David L. Williams, PhD; Glen W. Hamilton, MD; Seattle 
Veterans Administration Hospital, Seattle, Wa. 


Thirty-six stable patients (pts.) with proven remote myo~ 
cardial infarction gD and 14 pts. without MI had ima- 
ging at rest with 20171, Each pt. had 7-pinhole (7P) 
tomographic imaging with a large field of view gamma 
camera and then 4~view, standard planar imaging followed- 
by a repeat 7P tomogram, This study aimed to: 1) compare. 
sensitivity and specificity of the 2 techniques in detec= 
ting MI (in an. idealized setting with no redistribution); 
2) compare inter-observer variability in interpretation; -< 
and 3) determine whether the tomographic technique was rer 
producible. Studies were interpreted by 3 blinded obser~ 
vers using both Polaroid and computer displayed images. 





Sensitivity for the 7P studies was 86.1% (31/36) and 

69.4% (25/36) (P=,10) for planar images. Specificity for 
7P was 71.4% (10/14) vs. 100% (14/14)(P=.2) for planar > 
images. There was 10% inter~observer disagreement in pla~ 
nar image interpretation (i.e. not all 3 observers agreed © 
as to normal or abnormal) vs. 28% disagreement (P=0,02} 
in 7P studies, In 46/48 pts. (96%) the repeat 7P image 
in the same pt. was identical. In 2 pts. the two were 
different, i.e. one normal and the second abnormal. (in 2 
pts. a second 7P was not done). Minor differences in pt. 
positioning may have contributed. 


We conclude that: 1} sensitivity and specificity for 7P : 
tomography and planar imaging do not differ significantly; 

2) inter-observer agreement was less for 7P studies; and o o ci 
3) 7P studies were occasionally not reproducible, even = © 
under ideal circumstances. ee 


THALLIUM-~201 STRESS MYOCARDIAL SCINTIGRAPHY: COMPARISON 
OF MULTIPLE PINHOLE TOMOGRAPHY WITH PLANAR IMAGING IN THE 
ASSESSMENT OF PATIENTS UNDERGOING CORONARY -ARTERTOGRAPHY 
Daniel Berman, MD, FACC, Howard Staniloff, MD, Michael 
Freeman, MD, Emest Garcia, PhD, Nancy Pantaleo, RN, 
Jamshid Maddahi, MD, Alan Waxman, MD, James Forrester, MD, 
FACC, H.J.C. Swan, MD FACC. Cedars-Sinai Medical Center, 
Los Angeles, Calif. 


To investigate the diagnostic potential of multiple 
pinhole tomography (TOMO) for T1.201 stress myocardial 
scintigraphy, TOMO and standard planar imaging (PLANAR) 
were performed on 33 pts undergoing coronary arteriogra- 
phy. 23 pts had significant coronary artery disease (CAD) 
(50% stenosis) and 10 had normal coronary arteriograms. 
Of the 23 CAD pts, 13 had disease in the anterior (ANT) 
and posterior (POST) coronary circulations, and 10 had 
either ANT or POST CAD, Following single injection. of 
T1-201 at peak exercise, all pts had PLANAR and TOMO stud. 
ies, with random variation of study sequence, PLANAR was 
performed with 4" crystal mobile camera, and TOMO with 
large field camera and 7 pinhole collimator. Images were 
inspected independently by 2 experienced observers, with 
disagreements solved by consensus. Satisfactory images 
were obtained by both techniques in all 33 pts, TOMO was 
positive in 21/23 CAD pts, and PLANAR positive in 20/23. 
TOMO and PLANAR were negative in 9/10 pts with no CAD, 
Regarding extent of CAD, TOMO correctly identified 9/13 
pts with both ANT and POST CAD, and incorrectly predicted 
ANT and POST in only 2/10 with single region CAD, PLANAR 
correctly identified 6/13 pts with both ANT and POST CAD, 
and incorrectly predicted 2 region CAD in only 1/10 with 
CAD in a single region. These preliminary results suggest 
that TOMO and PLANAR T1-201 techniques have similar accu- 
racy in the detection of CAD, and that TOMO. may be slight~ 
ly more accurate in the assessment of extent of CAD, 
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ABSTRACTS 


COMPARISON. OF PLANAR AND TOMOGRAPHIC THALLIUM-201 SCINTI- 
GRAMS FOLLOWING CORONARY YASODILATATION WITH DIPYRIDAMOLE 
Dan Francisco, MO; Raymundo Go, MD; Steve Collins, Ph.D; 
James Ehrhardt, Ph.D; Melvin Marcus, MD, FACC, University 
of Iowa, Iowa City, Ia. 


The sensitivity and specificity of quantitative myocardi- 
al tomographic perfusion imaging was compared to planar 
thallium-201 (11201) images in 43 patients (pts) with 
coronary artery disease tean) defined as 70% obstruction 
cr > in one or more vessels by arteriography (26-3VSD, 9- 
ZVSD and 6-1VSD) and 17 pts with insignificant CAD (<30% 
“obstruction fn any vessel). Pts with coronary obstructions 
between 30-70% or systolic compression were excluded be- 
cause they probably represented a "gray zone". Coronary 
dilation was induced by dipyridamole (0.15 mg/kg/min i.v. 
x 4 min) which was well tolerated by all pts. The tomo- 
grams (7 pinhole collimator) were analyzed with an ap- 
proach similar to the CIRCLE program. The tomograms of CAD 
pts were considered abnormal if they exceeded the normal 
range based on 16 normal pts (one obvious false positive 
excluded}. at one or more points. Results: 
Tomographic T1201 Planar 11201 

Sensitivity 39/43 912 35/43 81% 
<> Spectficify. < 16/17 94% 11/17 65% 
“Of the 18 pts with normal resting ventriculograms, the 
planar and: tomographic images were positive in 612 and 78% 
respectively. In CAD pts with abnormal ventricles, the 
planar and tomographic images were positive in 96% and 
190%, respectively. In the 5 pts with CAD who also had 
left main obstruction, 5 of 5 tomograms were positive 
whereas 4 of 5 planar images were positive. Conclusion: 

< Tomographic T1201 perfusion scintigrams following coron- 
ary vasodilatation with dipyridamole are apparently more 
sensitive and specific in the detection of CAD than pla- 
nar images, particularly in pts with normal ventricular 
function at rest. 


“DETECTION OF MULTIVESSEL DISEASE BY EXERCISE THALLIUM-201 
“SCINTIGRAPHY. George A. Beller, MD,FACC; Denny D. Watson, 
PhD; Bruce C; Berger, MD; Randolph P. Martin, MD; George 
J. Taylor, MD.; University of Virginia, Charlottesville, 


Va. 





"The goal of this study was to determine the accuracy of 


co quantitative Ivt exercise scintigraphy for predicting 
“omultivessel. disease (VD) in 91 consecutive patients (pts) 
referred for angiography. All pts received 1.5 mCi of 
TL at peak exercise. Images were obtained serially 
-over 24 hrs. Abnormal regional TL uptake was ascer~ 
tained by quantitative criteria applied to multiple scan 
segments (segs) corresponding to the vascular supply of 
the. 3 major coronary arteries. Abnormal myocardial segs 
were defined as 1)% 25% persistent reduction in 20iTL 
uptake; 2) An initial defect with redistribution and 3) 
Abnormal 791lrL washout. A coronary. stenosis of %50% was 
considered significant. Of 20 pts with angiographically 


normal coronary arteries, 2 were predicted to have 1VD 


(false positives). Of 18 pts with 1VD, 12 had abnormal- 
_  4ttes appropriate to the single diseased vessel and 5 
were predicted te have 2VD. . All five 2VD readings were 
>in the distribution of circumflex (Cx) and right coronary 
artery (RCA) segs, when only one of these vessels was 
diseased, The remaining pt had a normal scan. Of 20 pts 
with 2VD, 12 had abnormal segs confined to the 2 diseased 
vessels. 5 had anbormal segs confined to 1 vessel, and 
one had a normal scan. Of 25 pts with 3VD, 10 had abnor- 
mal sean segs in.the distribution of all 3 vessels, 12 
had abnormal segs appropriate to 2 diseased vessels and 

l hada single abnormal vascular seg. Two pts with 3VD 
had normal scans: Thus, in 45 pts with 2 or 3VD, 36 
demonstrated abnermal 2617, uptake and/or washout in at 
least 2 vascular segs, yielding an 80% sensitivity for 2 
or 3VD prediction. ~The lower specificity of 67% appears 


related to the inability to separate Cx and RCA vascular 
segs. 


THALLIUM-201 SCINTIGRAPHIC EVIDENCE OF ISCHEMIA IN 
PATIENTS WITH MYOCARDIAL BRIDGES 

Masood Ahmad, MD; Steven L. Merry, MD; Helmut Haibach,MD, 
Veterans Administration and University Hospitals, 
Columbia, Mo. 


The role of myocardial bridges in producing ischemia is 
not clear.. We studied 7 male patients (age range 45-63 
years) with chest pain syndromes and cineangicgraphically 
documented systolic coronary artery narrowing due to 
myocardial. bridges. All patients had >50% systolic 
coronary artery narrowing in the proximal left anterior 
descending vessel. None of the patients had evidence of 
significant atherosclerotic coronary disease, resting 
left ventricular wall motion abnormality, and/or mitral 
valve prolapse. Myocardial perfusion was evaluated at 
rest and during exercise by performing Thaklium-201 myo- 
cardial scintigraphy. None of the patients had electro- 
cardiographic evidence of ischemia during or after exer- 
cise. Three patients with «75% systolic coronary 

artery narrowing had a normal resting and exercise 
Thallium-201 scintigram. In 3 of 4 patients with =>75% 
systolic coronary artery narrowing, exercise induced 
perfusion deficits were observed in the distribution of 
the vessel. One of these 3 patients also developed chest 
pain on exercise. We conclude that a >75% systolic 
coronary artery narrowing may impair myocardial perfusion 
during exercise. In comparison to exercise electro- 
eardiography, Thallium-201 myocardial imaging appears to 
be more sensitive in detecting an abnormal response in 
these patients. 


REVERSIBILITY. OF ADRIAMYCIN INDUCED REDUCTION IN MYOCAR- 
DIAL THALLIUM-201 UPTAKE BY INTRAVENOUS DIGOXIN 

David Forst, MD; Sherman Sorensen, MD; Robert O'Rourke, MD, 
FACC; Tuhin Chaudhuri, MD, University of Texas Health 
Science Center and Veterans Administration Hospital, 

San Antonio, Texas. 

The anthracycline antibiotic Adriamycin (AD) is a highly 
effective antineoplastic agent whichmay produce acute and 
chronic cardiac toxicity. Observations that AD is a glyco- 
side with cardiac effects that simulate and may be altered 
by Digoxin (D) suggest a mechanism of action involving the 
Na-K pump. To test this hypothesis, we quantitated myecar- 
dial uptake of the potassiumanalog, Thallium-201 (TL), by 
whole heart imaging and sectioned heart wel}-counting 
(r=.95). New Zealand rabbits were given IV TL (.12mCi/kg) 
without AD (control) and 5 min (AD-5), 24 hrs (AD-24) and 
48 hrs (AD=48) after IV AD (3mq/kg). TL uptake was quanti- 
tated as counts/sec/mCi/gm heart tissue. Mean (+SEM) 
normalized counts were: 


N Counts p 
Control g 12024 
ADS 9 9133 .001 
AD24 5 7725 001 
AD48. 5 17249 NS 


Another group of rabbits received IV digoxin (0-24) or IV 
digoxin (0.29 mg/kg) followed T-hour later by IV AD (D-24AD) 
with TL uptake measured 24 hours later. Mean (+SEM) normal- 
ized counts and digoxin levels were: 

N Counts p Serum Digoxin {ng/ml 
ontro È 


4202 r rp 
D24AD 5 123210 NS 2.72.15 1.94.08 
: "i NS A NS 


ETA T) Adriamycin causes an acute reversible AT 


in myocardial TL uptake that is prevented by pretreatment 
with digoxin. 2) Adriamycin may affect the myocardial 
Na-K pump. 
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MYOCARDIAL INFARCTION: CLINICAL STUDIES 
8:30~10:00 


~ SERIAL EVALUATION FOR LEFT VENTRICULAR THROMBUS 
“DURING ACUTE TRANSMURAL MYOCARDIAL INFARCTION 
- USING TWO-DIMENSIONAL ECHOCARDIOGRAPHY (2DE) 
-Richard W, Asinger, MD; Frank L. Mikel, MDs; Gary Francis, MD, 

FACC; K. Joseph Elsperger, CCPT; Morrison Hodges, MD, FACC; 
Bim Sharma, MD. Hennepin County Medical Center and the 
University of Minnesota, Mimeapolis, Minriesota. 

We: prospectively performed 2DE on 16 consecutive patients 
< with seute transmural myocardial infarction (AMD. Serial 2DEs 
were performed on all but 4 (2-inadequate imaging and 2-with- 
drawal from study). The remaining 12 had serial 2DE exams (3 - 
16; mean = 8) during their acute hospitalization (11-37 days). 
None had had a previous myocardial infarction and all survived 
hospitalization. : > 

Four of the 12 pts had inferior myocardial infarction; none had 
apical wall abnormalities or evidence for left ventricular throm- 
bus (LYT). In contrast, all 8 pts with anterior AMI had apical wall 
abnormalities. (5 dyskinesis, 2 akinesis, and 1 hypokinesis). Three 
of these. 8 developed left ventricular masses typical for LVT 
during hospitalization. LVT were first noted on the 6th, 7th, and 
10th days post AMI. None of these patients had clinical evidence 
for embolie phenomena prior to detection by 2DE or during 
hospitalization. Al pts with LVT were on prophylactic low dose 
_ Subeutaneous heparin during the initial portions of their hospitali- 
zation (3 to 8 days). All three pts with evidence for LVT had 
dyskinetie apical segments. early in the course of AMI which 
persisted during hospitalization. 
: We conclude: 1) LVT develop early in the course of AMI and 
= can be detected with 2DE prior to embolic phenomena. 2)Initial 
__ prophylactic low dose subcutaneous heparin during AMI may not 
. be effective in prevention of subsequent LVT. 3) LVT appear to 
~-oceur in the setting of apical wall abnormalities, specifically 
dyskinesis, as detected by 2DE. Thus, identification of high risk 
pts for LVT formation and potential embolization appears feasi- 
ble. This possibility deserves further study since more aggressive 
anticoagulation may prevent LVT and embolie eomplications in 
“sélected pts with AMI. 


CORONARY OBSTRUCTION IN ANTERIOR MYOCARDIAL INFARCTION: 
THROMBUS OR SPASM? Herman K. Gold, MD, FACC; Robert C. 
Leinbach, MD, FACC, Massachusetts General Hospital, 
Boston, MA 

Therapy for acute injury during anterior myocardial in- 
farction(AMl)is most effective when the left anterior de- 
scending coronary artery(LAD)is: not completely occluded. 

: We have therefore undertaken acute coronary angiography 
(angio)during early treatment: in an attempt to identify 





iz the degree of occlusion and to determine its reversibili- 


ty. There were 20 patients(pts)who underwent angio 4.44.5 
(SE)hours after onset of AMI, Prior to angio all received 
intravenous nitroglycerin(NTG)with monitoring of arterial 
pressure, heart rate, and the precordial ECG lead showing 
maximal ST segment elevation(STE). The administration of 
NTG produced a slight reduction. in STE from .624.07 to 
-48.06 mV (23%, p<.01). Arterial pressure fell from 143+ 
5/8523 to 12944/82:2 mmHg with ño change in heart rate. 
Angio showed complete LAD occlusion in I} pts(55%). The 
mechanism of occlusion was shown to be thrombus in 8/11. 
Thrombus was defined as a persistent intracoronary convex 
Filling defect. Thrombus was also seen in 3/9 pts with in- 
complete LAD occlusion. Intracoronary NTG(200 ugm)was ad- 
ministered to 14 pts, 7 with complete and 7 with incom- 
plete LAD occlusion. No case showed a change in stenosis 
or-a release of occlusion. Successful wire guide penetra- 
thon of complete LAD occlusion was performed In 5 cases 
o-with partial restoration of flow. In conclusion: I)pts 
“with AMI seldom show marked resolution of STE with NTG 
- Suggesting no major change in coronary obstruction or re- 
lease of coronary spasm; 2)intracoronary NTG does not ap- 
= pear toe augment the effect of systemic NTG or to restore 
_ LAD Flow; 3)a majority of cases studied within 4 hours 
“show anglegraphically definable coronary thrombus; and 
4)restoration of LAD flow in these cases may require cath- 
“eter or surgical intervention. 


ABSTRACTS - 


RELIEF OF CHEST PAIN AND REDUCTION OF Q-WAVE 
EVOLUTION IN ACUTE MYOCARDIAL INFARCTION BY 
LARGE DOSE SUBLINGUAL NITROGLYCERIN 

Young I. Kim, MD, FACC; John F, Williams, Jr., 
MD, FACC, University of Texas Medical Branch, 
Galveston, Texas 


Prolonged chest pain in the early hours of acute 
myocardial infarction (AMI) may be an indicator 
of ongoing injury. Of 28 patients with severe 
chest pain. and ST elevation due to AMI, 13 res 
ceived sublingual nitroglycerin (NTG) and 15 
i.v. morphine (MS). In NTG group, increasing 
doses of NTG were given at 3-15 minute (min) 
intervals until pain was relieved while main-. 
taining systolic blood pressure above 100 mn 

Hg. -The severity of pain was scored from 4+ 

at admission to 0 for complete relief: NTG 
produced partial relief in 17 +. 5 min and com= 
plete relief of pain in 127 + 65 min. To > 
achieve the latter, 23.7 È 10.6 mg. of NTG was 
required. MS produced complete relief in 134 

Ł 79 min (ITG vs MS, p = NS) requiring ise 7 
mg. From 86 sites of initial ST eleyation. on 
the standard ECG's, Q-waves developed in 62 
(72%) and 66 (77%) at 24 and 48 hours respec- 
tively in those receiving MS. In contrast, Q= 
waves developed in 21 (28%) and 22 (29%) respec- 
tively of 76 sites of ST elevation. in those rë- 
ceiving NTG (MS vs NTG, p<0.001). Location of. 
AMI and number of initial ST elevation sites 
per patient were comparable in the 2 groups: 
There was no in-hospital mortality. Thus, 

large and frequent doses of NTG can be safely 
employed to treat chest pain and limit ECG Q- 
wave evolution in the hyperacute phase of AMI. 


CONTRACTION OF THE ACUTELY INJURED LEFT VENTRICULAR 
ZONE AFTER ACUTE MYOCARDIAL INFARCTION IN MAN: 
COMPARATIVE EFFECTS OF NITROGLYCERIN AND NITROPRUSSIDE 
AS A FUNCTION OF TIME 
Kodangudi B. Ramanathan, MD; Monty M. Bodenheimer, MD, 
FACC; Vidya S. Banka, MD, FACC; Richard H. Helfant, MD, 
FACC, Presbyterian-Univ. of PA Med Ctr, Philadelphia, PA. 
The relative effects of nitroglycerin (TNG) and nitro- 
prusside (NPS) on coronary flow and contraction of an 
acute infarct area have not been systematically studied 
in man. Accordingly, in 18 patients with an acute frans- 
mural (new Q-waves) myocardial infarct, response of the 
injured zoné-to either TNG or NPS was evaluated. Serial 
first pass radionuclide angiograms were performed using 
technetium in the right anterior oblique projection (hemi-” 
axial quantitative method) in each patient. within 24 
hours, 5-7 days and 4-6 weeks (wks) after onset of chest 
pain. Blood pressure was similar after both drugs. TNG 
(sublingual 0.4-0.8 mg) improved ischemic zone hemiaxis 
shortening from 1142% to 2546% (p< 0.05); NPS (20-200 
Ag/min IV) improved the ischemic zone similarly from 14+ 
4% to 2947% (p< 0.005) in the 24 hour study. In the 5-7 
day study, TNG improved ischemic zone from 1044% to 19+ 
% (p< 0.05) and NPS similarly from 1543 to 294% (p < 
0.001). After 4-6 wks, however, both TNG and NPS had no 
significant effect on dysfunction of these areas. Hemi- 
axis shortening was 1244% before and 1047 after TNG and 
and 1544% before and 1645% after NPS. Improvement in non= 
ischemic zone hemiaxis shortening was similar after both 
NPS and TNG. Similar changes were also seen in ejection 
fraction, end-diastolic volume and cardiac output after 
both agents (in all 3 time periods following infarct). 
In summary, TNG and NPS improve ischemic zone contraction 
similarly eariy after acute myocardial infarction. Four 
to 6 wks after acute infarction, the ischemic zone is 
unresponsive to either agent. 
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“ABSTRACTS 


“PRESERVATION OF ISCHEMIC MYOCARDIUM WITH GLUCOSE-INSULIN- 
POTASSIUM IN PATIENTS WITH ISOLATED LEFT ANTERIOR 
DESCENDING STENOSIS 

“John A. Mantle, MD, FACC; William J. Rogers, MD, FACC; 
Russell C. Reeves, MD; Richard 0. Russell, Jr., MD, FACC; 
Peter R. Bream, MD and Charles E. Rackley, MD, FACC, 
University of Alabama Medical Center, Birmingham, Alabama. 





The effects of glucose-insulin-potassium (GIK) on the ex- 
tent of myocardial infarction (MI) were examined in 30 
consecutive patients with isolated left anterior descend- 
ing (LAD) stenosis (90~-100%) who presented within 12 hrs 
of the onset of their first MI. The GIK solution (300 gm 
glucose, 50 units insulin and 80 meq KCl per liter) was 
infused at 1.5 mi/kg/hr for the initial 48 hrs in 10 
patients. Coronary angiography and quantitative biplane 
left ventriculography were performed an average of 3 weeks 
post MI. The extent of the MI was determined by calculat- 
“ing the ejection fraction (EF) and percent abnormal con- 
tracting segment (ZACS). Control patients with proximal 
LAD stenosis before the first septal perforator (10 pts) 
EF=, 334.03 and ZACS=32+9; with mid stenosis (7 pts) EF= 
.47£.02 and ZACS=1922; and with distal stenosis (2 pts) 
EF=,62+.03 and 4ACS=10+2 (p<.05). Five of the 9 GIK pts 
with proximal or mid LAD stenosis had an EF>.55 or an 
4ACS<10% vs none of the contrel pts (p<.05). Collateral 
filling of the LAD did not account for this significant 
“reduction in the expected MI size. Summary: These data 
from pts with an isolated LAD stenosis indicate that: 

1} the extent of MI is directly related to the location 
of the stenosis; 2) this subgroup provides a useful clini- 
cal model to evaluate interventions to preserve ischemic 
myocardium and 3} an acute metaholic intervention with 
GIK can significantly reduce the extent of MI scar and 
preserve left ventricular function. 


PROTECTION OF ISCHEMIC MYOCARDIUM WITH INTRAVENOUS 
“PINDOLOL IN ACUTE MYOCARDIAL INFARCTION 

Juhani Heikkilä, MD; Markku S. Nieminen, MD,Cardiovascular 
Laboratory, University of Helsinki, Helsinki, Finland. 





The mechanical performance of the ischemic and noninfare- 
ted myocardial segments was recorded in patients with acu- 
_te myocardial infarction by multidirectional echocardio- 
graphic method. It identified the abnormally contracting 
left ventricular segments quantitatively with excellent 
reliability in left ventricular cineangiographic and 
pathologie anatomic comparisons (r=0.88). 
In 22 patients the effect of 0.2 mg pindolol intravenously 
was studied an average of 15 hours from the onset of symp- 
tome. The small intravenous dose of pindolol was hemodyna- 
mically safe in patients with uncomplicated acute infarct- 
ion or even in those with moderate heart failure. Left 
ventricular filling pressure and stroke volume by Swan- 
> Gang theramdilution did net change, nor did any ventricu~ 
i lar dilatation take place. 
“Phe ST segments improved by 30% (p-0.0005)in 15 minutes. 
owe systolic wall motion amplitudes of the ischemic myo- 
\eardial segments improved by 26% of the normal (p<0.0005). 
The performance of the uninvolved segments was not depres~ 
sed. Consequently, the total left ventricular performance 
was markedly improved by pindolol (18%, p-0.0005). The 
mechanism was probably reduction of the rate pressure pro- 
duct(-14%, p<0.005). Chest pein was relieved. Methylpred- 
nisone (2.0g) failed to reduce the signs of ongoing ische- 
mia in 10. other patients, in contrast to subsequent beta 
blockade. 
Our technique gave direct documentation of the reversible 
regional abnormalities of the left ventricular dynamics in 
ischemia. Beta blockade by pindolol considerahly relieved 
the clinical, electrocardiographic and myocardial mechani- 
eal signs of ischemia in patients with acute myocardial 
infarction. 
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MYOCARDIAL INFARCTION: INFARCT SIZE 
10:30-12:15 


DELETERIOUS INFLUENCE OF HYPOMETABOLISM ON EVOLVING 
MYOCARDIAL INFARCTION IN CONSCIOUS BOGS 

Ronald P, Karlsberg, MD, FACC; Wilbert S. Aronow, MD, 
FACC, University of California, Irvine, and Veterans 
Administration Medical Center, Long Beach 


Hypometabolism may benefit ischemic myocardium by reduc- 
ing myocardial oxygen demand. . However, severe hypometa~ 
bolism, such as occurs with hypothyroidism, may be de- 
leterious both by impairing metabolice pathways and caus- 
ing unfavorable hemodynamic changes. To evaluate the in- 
fluence of severe hypometabolism on evolving infaretion, 
10 dogs were injected with 20 mCi of 1311, whieh after | 
45 days, reduced 1251-Th 68% {control 0.0242.0: ug/ml); 
p<.001. These dogs and 20 euthyroid controls were in- 
strumented with left anterior descending coronary artery 
snares, left ventricular pressure microtransducers, 
aortic electromagnetic flowmeters, and arterial cathe- 
ters. After recovery from surgery, coronary artery occlu- 
sion was produced in the conscious state, and 24 hours 
later, infarct size was determined. by myocardial creatine 
kinase (CK) depletion. Hemodynamics prior to occlusion 
were ({meantSEM): CONTROLS HYPOTHYROID ZCHANGE 


Cardiac output (L/min} ~2.14:06 1.44,07* ~33 
Blood pressure (mmHg) 82h 8is2% -17 
ap/at (mmHg/sec) 1930280 2060285 +7 
LVEDP (mmHg) 541 542 0 
Heart rate (beats/min) 11919 11043 -8 


{*=p<. 001), Hemodynamic deterioration after coronary oc- 
clusion was the same in both groups. CK in non-infarcted 
myocardium was similar, but infarct size was 36% larger 
in hypothyroid dogs. (3022%)- than in controls (2243%), p< 
.05. Thus, despite the potential benefit resulting from 
minor reduction in afterload and cardiac output, severe 
hypometabolism, induced by hypothyroidism, is not bene- 
ficial to evolving infarction and is associated with 
infarct extension. 


INFARCT SIZE MANIPULATION BY ALTERATION OF HEMATOCRIT 
Manfred Hofmann, MD, Mechthild Hofmann, Wolfgang Schaper, 
MD, PhD, Kerckhoff-Institut, Bad Nauheim, West Germany 





The-aim of the study was to prove whether variations of. 
hematocrit (HC) would lead to altered collateral blood 
flow (CBF) with consecutive altered infarct size (IS) 
after experimental coronary artery occlusion. 

In each of 10 mongrel dogs a medium sized marginal branch 
and an equal sized diagonal branch were prepared.LVP, dP/ 
at, AoP, ard HR were recorded continuously.in 3-min in- 
tervals MVO% of the heart was calculated according to 
Bretschneider's equation. HC,Hb,and blood gases were eva- 
luated every 15 min. Coronary and CBF were determined 
with tracer microspheres. One corenery artery was ligated 
over 90 min (control artery}. Thirty min after reflow 
1G00 ml blood were slowly withdrawn. The erythrocytes 
were reinfused in 6 dogs, while 4 got the plasma together 
with 500 ml of an organic buffer followed by the occlusion 
of the 2nd artery {test artery) over 90 min. After 90 min 
of reperfusion of the 2nd artery the hearts were removed. 
The perfusion area of each occluded artery together with 
a normally perfused rim was cut inte 6 slices and incu- 
bated in p-NBT. IS was expressed as ratio of necrosis 
{non-stained area} to perfusion area of the occluded ar~- 
te {obtained from a p.m. angiogram}. 


HC 18 normal flow CBF | 
endocardial layer 
: (ml/min. 100g) 
ontrol 41 «261 | 63] 5.6 
Dilution 25) asp S pns | 127| P* 22.0 
ncentration | 59 ase j 3.7 


o: p< 0.0$; +: p< O.O1; x: p< o.oo! 











Thus, hemodilution leads to improved flow conditions 
resulting in smaller IS, and vice versa. 
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The Numonics 1239 
Cardiological Image Analyzer: 





















































The heart of your graphics analysis process. 


Numonics offers a computer-based graphics analyzer 
designed specifically for cardiology to augment qualitative 
analyses with hard numbers. Economic, convenient, con- 
sistant and accurate, the Numonics 1239 is completely self- 
contained, field upgradable and programmed for four stand- 
ard cursor keyboards that quantify M-mede Echocardio- 
graphy, Systolic Time Intervals, Ventricular Volumes from 


cineangiography or real-time ultrasongraphy, and Cath Lab 
Pressure Data including valve gradient, flow and resistance 
calculations. Then prints them all in chart-ready format, 
along with patient data and space for qualitative remarks. 
if your're interested in seeing just how much work the 1239 
can take off your hands, write for further information. 


: NUMONI S 418 Pierce Street, Lansdale, Pa. 19446 
C Tel (215) 362-2766.TWX. 510-661-6585 
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doctor ordered. 











For over 12 years, Lasix® tablets, 
manufactured in the U.S. exclusively 
by Hoechst-Roussel Pharmaceuticals 

Inc., have been prescribed for millions 
_ of patients. It is today one of the most 
widely prescribed drugs in the world 
and, clearly, one of the most respect- 
ed. In fact, it can be characterized 

as the diuretic most likely to succeed in all 
degrees of cardiac edema. 


Furosemide is a unique agent, 
potent in an unusually wide range of 
_ dosage strengths. But itis also inher- 
ently insoluble, And that’s why the 
manufacture and quality control of 
this agent are but two of several criti- 
cal factors in its effectiveness. For it 
has been shown that drug solubility 
can alter absorption and thus can 
seriously affect bioavailability. 


And it was apparently this type 
of problem that prompted the FDA 
to alert patients that certain unlaw- 
fully marketed substitute versions of 
furosemide “may be ineffective and 
therefore harmful to patients who 
need the drug.” 


Lasix® tablets, on the other hand, 
have a record of safety and efficacy that 
is exemplary —a record firmly estab- 
lished in almost 6,000 published 
papers. Since its introduction, 7.8 bil- 
lion Lasix® tablets have been manufac- 
tured — without a product recall by the 
Government for any reason. More- 
over, stability studies demonstrate that 
Lasix® tablets remain unimpaired in 
potency over a five-year period. + 


All this is made possible by the 
thoroughness, experience, integrity 
and worldwide resources of the Lasix® 
innovator, Hoechst, the name behind 


the great clinical success of the product. 


We're asking every 
> © physician who prescribes 

| Lasix® (furosemide) tablets to 
show patients how to identify 
them. Ifit doesn’t say Hoechs' 
it isn’t Lasix. Make sure your 
| patient checks for the name 
| “Hoechst” on the tablet. 


So to be sure of consistent per- 
formance, tablet after tablet, specify 
Lasix® and tell patients to double- 
check that the furosemide they recer 
is dispensed as Lasix®.. available in; 
wide selection of dosage forms and 
strengths, including the only oral 
solution form of the drug. 

Lasix®— one less variable in the 
treatment of cardiac edema. 

LHEW News, publication 79-6, U.S, Department of 


Health, Education, and Welfare (Food-and Drug 
Administration), March 30, 1979, p. 1 





*Data on file and available upon request from 
Hoechst-Rousse! Pharmaceuticals Inc. 
Somerville NJ. 08876. 


Before prescribing, please consult complete product 
information. a summary of which appears on the 
following page. 
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Because there’s no substitute for quality 





Lasix” Gurogemide) 
A bee! summary of the Preseribing information for Lasix 
Gorsemide}, Toblets 20. 40 ond 80 mg 
WARNING: Lasix (furosemide) is a potent diuretic which, if 
given in excessive amounts, con lead to a profound diuresis 
with water ond electrolyte depletion. Therefore, careful med- 
ical supervision is required, and dose and dose schedule 
have to be adjusted to the individual patients needs. 
INDICATIONS: Ederma associated with congestive heart toiture 
cirrhosis of The liver ond renal disease, including the nephrotic 
syndrome. Hypertension when used clone or in Combination 
with other antihypertensive rugs, patients not adequately con- 
tolled with Iniazides also probably will not be adequately corn- 
rolled. wih furosemide alone. 
CONTRAINDICATIONS: Becouse animal reproductive studies 
hove shown that furosemide may couse fetal abnormalities, 
the drug is contraindicated in women of childbearing poten- 
Hol Anuria. History of hypersensitivity to the compound. 
“WARNINGS: Excessive diuresis may result in dehydration ond 
reduction in blood volume, with circulatory collapse and with 
the possibilty of vascular thrombosis and ambolsm, particu- 
loriy in elderly patients. Excessive loss of pofassium in potients 
fecelving digitalis glycosides ray precipifote digitalis toxicity 
Exercise care in patients receiving potessium-depietin 
sleds. Perform frequent serum elecrolye, CO), ond BUN de- 
fetmringions during first few months of therapy ond perodinally 
thereafer, and correct abnormalities or temporarily withdraw 
{he drug. initial therapy of patiests with hepotic cirrhosis and 
: ascites iS best carried out in he hospital, Closely observe ci- 
thotic patients for sidan fluid and electrolyte imbalances tha! 
may precipiate hepate coma Supplemental potassium 
chloride and, required. an aldosterone antagonist are helpful 
in Preventing hypoxcleria ond metabolic alxciosis. Discon- 
_dibue furosemide ff increasing azotemio and otigutia octur dur- 
< ing Ireatment-of severe. progressive renal disease. Observe 
potlents fagolory Tor possible blood dyscrasiag, liver domage, 
“-ovother idiosyncratic reachons, Patients with known SiH- 
fonamide sensitivity may show allergic reactions. Furosemide 
“Pay polentiate ‘he therapeutic effect of other antihypertensive 
agents. Potentiation occurs with ganglionic or peripheral! ad- 
Tenargic blocking drugs. Exacerbation or activation of systemic 
supus efyinematosus may occur Furosemide appears in breast 
“ik Fase ofthe drug is essential. the poleni should stop 
<o Ruteng Gases of finndus and reversible hearing impairment 
ni Fidve Been reported 
-There Nave also been some repods of cases in which irevers- 
“ible heanig impairment cccurred. Usuclly ototoxicity has been 
tepGiied wher turosemide was myected rapidly in patients with 
~ Severe impairment of renal tunction at doses exceeding several 
fimes the usual commended dose and im whom other drugs 
“. khown 10 be-olgtoxic were given. E the physician elects to use 
high-dose parenteral therapy in patients with Severely impaired 
scena gacion, controted intravenous infusion is advisable, 
-U(For odulls, an infusion role not exceeding 4 mg furosemide 
“pet minute hos heen used } 
PRECAUTIONS: As with ony effective diuretic, slecirolyte depie- 
Hon moy occur, especially in patients recening higher doses 
ond a resivictad sof inioke. Patients receiving juresemide 
. Should be observed tor clinical signs of fluid or slectrolyie 
imbalance. namely. Hyponatremia, sypochinteme alkalosis, 
‘and hypekdlemio. Serum ond urine glectrolyie determinations 
aye particularly important when the patient i3 vomiling exces- 
Sively or receiving parenteral fluids. Medication such as digi- 
talis may also influence serum electratyles, Hypokolemia may 
develop with furosemide as with any ofher potent diurene, 
especially with brisk diuresis, when cirrhosis is present, or 
during concomlant use of comicosleraids or ACTH. infererence 
with odequote oral electrolyte intake will giso contribute to 
hypokalemia. Digitalis may exaggerale metabotc effects of 
hypokalemia, especicily wih reference to myocardial aclivity 
Asymplomotic hyperuricemia can coca and gout moy rarely be 
pecpitoted increases in biood glue nd cilerations in gly- 
cose. tolerance tests with abnormalities of the fasting ond wo- 
hour postprandio! sugar have been observed, and rare cases of 
precipitation of diabetes mellitus have been reported. Furose- 
mide moy lower serum calcium levels. and rore cases of etony 
hove been pored Penodic serum catcium levels should be 
obiained. Reversibie elevations of BUN moy be sean These 
~ hove Been observed in associotion with dehydration, which 
Should be avoided: porticylarly in patients with renal insuffi- 
Tieng Patients receiving high doses of salicyiates in conjunc- 
+ Hore wah furosernida may experience salicylate toxicity ot lower 
doses becouse cf competitive renal excretory sites. Furosemide 
fos otendency to onfagonize the effects-of fubocuranne and 
may polentiote the uction of succimyichotine. thiam generally 
should not be given with diuretics because they reduce its rena! 
cleurgnice and dad a:high risk of iinum toxicity. Diuretics such 

























as furosemide ray enhance the nephrotoxicity of cephaloridine. 


Therefore, fusemide and. cepholoridine should not be ag- 
ministered simullansausty. Furosemide may decrease arterial 
responsiveness fo forepinenhrine. This diminulion is not sufi- 
antic preciude effectiveness.ot ihe pressor agent for therapeu- 
He use. 

it has been reported in the Merature that coadmunsstrotion of 
indornethocin may reduce the nolruretic ond ontihypertensive 
effects of Lasix (furosemide) in some patients. Ths effec! has 
been altribuled fo inhibizon of prostaglandin synthesis by in- 
domethacin indomethacin may also affect piasma renin levels 
ond aidosierone excretion this should be Borne in mind when 
O renin profile is avaiuaied in hypertensive patients. Patients 
receiving both Indomethacin and Lasix (furosemide) should be 
observed closely fo determine if the desired diuretic and/or 
antihypertensive effect of Lasix urosemide) is achieved. 
ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 

-< Housea, vomiting. cramping. diarrhed. constipation, jaundice 
(rérahepotic jaundice}, poricrectifis, dizziness, vertigo. pores- 
thesios, headache, xanthopsig, dlurred vision, tinndus ond 
fearing foss. onemid, leukopenia, agronulecyiosis (rare). 
wrombocylapenia, aplastic onermua Crore}, purpuro, phalosen- 
‘sfivily, tosh, urfearig, necrotizing ongiifis (vasculitis. cutone- 
Gus vasculitis), exioliiive dermatitis. erythema muiiformse, 

puus Onhosiatic hypotension may occur and may be sexag- 
“gerdled by ulcobol, barbiturates, or narcotics. Other adverse 
“feactions include hyperglycemia, glycosuria, hyperuricemia, 
“Muscle sposm, weakness. restiassness, usnary bladder 
Saspdsm, thrambophiehitis 


HOECHST-ROUSSEL 


PHARMACEUITIC: ORE 
SOMERVILLE. NEW JERSEY G3876 
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Nowin book form...the latest 
Update Your Medicine lectures. 


CORNELL 
MEDICAL 
UPDATE /2 


Edited by LILA A. WALLIS, MD, FACP 











Helps you keep up with the 
new advances in your 
specialty in the comfort of 
your home or office. 








Just published 
with all new material—specialties expanded. 


The series CORNELL MEDICAL UPDATE breaks al! medicat.. 
book tradition with its workbook format that gives practicing. 
physicians a quick overview of the latest advances in their: s 
speciality. It transcribes into book form the Update Your Medi- 
cine lectures sponsored by New York Hospital-Cornell Medical. 
These lectures are well-known for helping physicians prepare 
for Recertification despite the demands of a heavy practice. 

The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 
for the practicing physician who has difficulty keeping up with 
the growing literature of the field. Each chapter transcribes 
one of the lectures and covers a specific speciality in-depth 
from basic physiologic and chemical principles to its clinical 
applications. 

Lila A. Wallis, MD, FACP, the series editor, has eliminated 
all the filler material a continuing education does not need. You 
won't find historical reviews or a rehash of material you've 
known since medical school. You will find the practical, life- 
saving knowledge a dynamic practice depends on. Because the 
lectures have been edited for easy reading and laid out for 
quick comprehension, you'll be able to incorporate all the 
material into your own professional technique. 


Earn 25 Credits Towards AMA Physician’s Recognition Award. 
CORNELL MEDICAL UPDATE? has been approved for Category 1 
credit towards the AMA's Physician’s Recognition Award for Con- 
tinuing Medical Education. Full details on how to apply for credit 
are included with every copy. 


ee ee ce ee ae a ee a ee ee ee ee ee ene | 
Yorke Medical Books, 666 5th Ave., P.O, Box 876, N.Y., N.Y. 10019 


i 
Please send me a copy of CORNELL MEDICAL UPDATE/2 at l 
$38.00. | may use the book for 30 days and if not completely satis- I 
fled, return it for full credit or refund, 

O Payment enclosed (publisher pays shipping cost). i 
O Charge my credit card (publisher pays shipping cost}. I 
O Master Charge O VISA (BankAmericard) I 
Card oran abies Z Expire date Mas l 
i 
I 
i 


{Countries outside Western Hemisphere: add $5. to price and pre- 
pay in U.S. funds.) 





Name enn 





Address. 


City aces State a ee | o ESI 
New York residents add applicable sales tax. AJC-2/80 
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Medtronic... 
leading the way 
toman’s heart. 


Medtronic...a name synonymous with 
technological advancement in heart care through 
the years. A name that means superb craftsman- 
ship and superior reliability in applied biomedical 
engineering today. A name that stands for com- 
mitment to excellence in cardiac screening, diag- 
nosis, treatment and rehabilitation. 

Medtronic helps you help the heart patient 
with a broad spectrum of outstanding products 
and services. Medical Data Systems, a division of 
Medtronic, specializes in software programs for 
nuclear cardiology. Cardiocare, another division, 
provides monitoring and arrhythmia detection 
services. Kastec Corporation produces prosthetic 
heart valves. 

With the broadest selection of pacing leads, an 
entire family of accessories, and now, the intro- 
duction of the remarkable new Spectrax pacers 
and programmers, Medtronic continues leading 
the way to man’s heart. 





LA Medtronic 
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beta-one block beta-two metoprolol tartrate 
receptorsisall receptors 

that counts to the same blocks beta-one 
in lowering extent?” receptors with 
blood pressure... relative selectivity. 


Other available 
beta blockers do 
not. 


For brie 
tion plea 











metoprolol tartrate 


the only 

relatively selective 
beta blocker for 
hypertension 


Lopressor* 
metoprolo! tartrate 


An anthyperiensive 
bete-biockng agent 


Brief Summary of Prescribing information 


indications Lopressor is indicated in the manage- 
ment of hypertension. ii may be used alone or in 
combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac tail- 
ure(see Warnings) 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
= severe tadure. in hypertensive patients who have 
congestive heart failure controlled by digifals and 











: “diuretics, Lopressor should be administered cau- 


hously. Both digitalis and metoprolol slow AV 
conduction. 

in Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-biocking agents. over a period of ime can, in 
some cases, lead to cardiac failure. Al the first sign 
ersymptem of impending cardiac failure, patients 


should be fully digitalized and/or be gen a diuretic, 
i 


and the response observed closely. lf cardiac fait- 
“ure continues, despite adequate cigitalization and 
“diuretic, Lopressor therapy should be withdrawn 

“Ischemic Heart Disease: Following abrupt cessa- 
hon of therapy with Certain beta-blocking agents, 
exticerbations of angina pectoris and. in some 


“=. cases. myocardial infarction have been reported. 


Even in the absence of overt angina pectoris, when 
discontinuing therapy, Lopressor should not be 
wihdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physiciar’s advice. 
Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta,-stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. It 
may De prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily. to avoid the 
“higher plasma levels associated with the longer 
one interval. (See Dosage and Administra- 
tion. 
Major Sargery: Tne necessity or desirability of 
withdrawal of beta-biocking therapy orior to major 
surgery 's controversial. t should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimull may augment the risks 
of general anesthesia and surgical procedures. 
Metopraiol. like other beta blockers, :s a competi- 
twe inhibitor of beta-receptor agonists and ts ef- 
fects can be reversed by administration of such 
agents, 2.9.. dobutamine or isoproterenol. How- 
ever, such patients may be subject fo protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has aiso Geen reported 
With beta blockers 


Diabetes Mellitus: Beta-adrenergic blockade may 


“oorask symptoms of hypoglycemia (e.g. tachycar- 


diaj anc may potentiate insulin-induced hypo- 


glycemia. Lopressor shouid therefore be used with 
Caution in diabetic patients. especially those with 
labile diabetes. 

Thyrotoxicosis: Beta-adresergic blockade may 
mask certain clinical signs {e.g . tachycardia} of 
hyperthyroidism. Patients suspected of ceveloping 
thyrotoxicosis shouid be managed carefully 70 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 


Precautions impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug Interactions: Catecnolamne-depieting 
drugs (e.g.. reserpine) may have an additive effect 
when given with beta-blocking agents. Patents 
treated with Lopressor plus a catecholamine 
depletor shouid therefore be closely observed for 
evidence of hypotension and/or marked bradycar- 
dia which may produce verligs. syncope. or 
postural hypotension 

Long-Term Animal Studies: Loag-term studies in 
animals have been conducied to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was ne evidence of drug- 
induced toxicity at or below oral doses af 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage leveis of up to 800. mg-kg per day did not 
indicate an increase in the deveiopment of spon- 
tanequsly occurring benign or malignani neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-relaied were an in- 
creased mncidence of generally iid focal accumu- 
lation of foamy macrophages in pulmonary alveol 
and a sight increase in binary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. in a 2t-month stucy in mice at three 
oral dose levels of up to 750 mg/kg per day benign 
lung tumors (small adenomas} occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration. 


Usage in Pregnancy: Reprocuction studies in 
animals did not reveal any evidence of impaired 
fertiity or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation toss 
and decreased neonatal sunv-vai (inresnoid be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure ofthe fetus when metoprola 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women 
Lopressor should be used in pregnant women only 
when clearly needed 


Nursing Mothers: | is nœ known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should noi be 
undertaken by mothers receiving metoarolol 
Usage in Children: Safety arc effectiveness in 
children have not been estabished 


Adverse Reactions Mos! adverse effects have 
been mid and transient. 


Central Nervous System: Tiredness and dizziness. 
have occurred in about 19 of 100 patients. Denres- 
sion was reported in about 5 o 100 patients. 
Headache. nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of oreath and 
bradycardia have occurred in approximately 3 af 
100 patents. Cold extremities, arterial insufficiency 
usually of the Raynaud type: palpitations and con- 
gestive heart failure have been reported. See Con- 
traindications, Warnings, and Precautions. 
Respiratory: Wheezing (bronchospasm) has beer 
reported in less than 1 of 100 patients. See Warn- 
ngs. 
Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea. gasirc pain, constipation 








flatulence. and heartburn have been reported in 1 af 
106 or iess. 

Allergic: Pruntus has occurred in tess than 1 of 100 
patents. 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients 

The oculomucocutaneous syndrome associated 
win the beta blocker praciolol has not been re- 
ported with Lopressor during investigahonal use 
ard foreign marketing expenence. 

Patentiai Adverse Effects: in addition, a variety of 
adverse effects not listed above have been re- 
ported wilh other beta-adrenergic blocking agents. 
and should be considered potential adverse effects 
of metoprolol 

Central Nervous System. Reversible mental de- 
pression progressing to catatonia. visual distur- 
ances. hallucinations: an acute reversible syn- 
drome characterized by disorientation for time and 
place, shon-term memory loss. emotional lability, 








slighty clouded sensorium, and decreased per- 
formance on neuropsychometrics. 





Cardiovascular: intensification of AV block (see 
Contraindications} 

Hemaiciogic: Agranulocytosis, nonthrombo- 
cylopen:c purpura, thrombocytopenic purpura. 
Arergic: Erythematous rash, fever combined with 
aching and sore throat. ijaryngospasm and respira- 
tory distress. 

Miscellaneous: Reversible alopecia. 

Canical Laboratory Test Findings. Elevated blood 
urea levels in patients with severe heart disease. 
elevated serum transaminase. alkaline phos- 
pratase. lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
59 mg twice daiy whether used alone or added toa 
durelic. The dosage may be increased al weekly 
(cr longer) intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparent after 
one week of therapy Usual maintenance dosage is 
agproximately 100 mg twice a cay, with a range of 
190 to 450 mg per day. Dosages above 450 mg per 
gay have not been studied. While twice-daily dos- 
ing is effective and can maintain a redaction in 
tood pressure throughout the day, some patients, 
especiaily when lower dosages are used, will expe- 
rence a modest nse in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
and of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate. a larger dose, or 
inree times daily therapy, may achieve better con- 
vol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 

This drug should be stored at controlled room tem- 
perature and protected from moisture 

How Supplied Tabiets of 50 mg (capsule-shaped, 
scored, ight red, flm-coated) and 100 mg 
(capsule-shaped. scored, ight blue, fim-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100. 











Store at controlled room temperature and protect 
from moisture. 


Dispense in tight, light-resistant container (USP). 
567292 (8/79) 079-22 

For complete details, including description, clinical 
pharmacology and overdosagé., please see ful 
prescribing information 

GE!IGY Pharmaceuticals 


Divisicn of CIBA-GEIGY Corporation 
Ardsiey, New York 10502 


326-92674 


ANEWERA 


OPENS IN 
CRITICAL CARE. 








The new CRITIKON 


The company totally 
committed to critical Care. 




















To create the new Critikon, Johnson & Johnson consolidated these 
established critical care names and product lines into one company: 


e The complete product lines of Jelco Laboratories and Applied Medical 
Research. 


e Blood/gas monitors from Critikon Division, McNeil Laboratories. 


e I.V. infusion pumps and Lanz™ tracheal tubes from Extracorporeal 
Medical Specialties. 


This concentration on critical care medicine has some special benefits 
for you and your patients. 


For instance, our sales force is now unified and expanded. Each repre- 
sentative now covers a smaller area, has more time to devote to your 
critical care needs, and is closer than before when you need quick 
service. 


By combining our research teams, we can expand our R & D programs, 
develop new and better products, and improve cost effectiveness. 


And we promise you this — we will service what we sell. If Critikon 
medical electronic equipment should need servicing, we will handle 
it on the spot or at one of our new regional service centers. 


Bigger can mean better. And stronger. Better products and a stronger 
service capability for all of your needs. Critikon—our commitment is to 
critical care. 

Write or call for more information: Critikon, Inc., P.O. Box 22800, Tampa, 
FL 33622. 800-526-3928 (In New Jersey: 201-524-2555.) 


CRITIKON 





ucts to take some of the crisis 
out of critical care. 


d Pressure Vein/Artery Access Devices 
. ¢ JELCO® LV. Catheter Place- 
ment Units 
e JELCO® I.V. Catheter Place- 
ment Units with Syringe 
e CATHLON IV® Catheter 
Placement Units 
T © JELCO® IV. Catheter Kits 
ne BL eta 1V. Prep and Care 


E Jelcoe LV. Stylet 

© JELCO® Intermittent 
Injection Cap 

¢ Long-Term Parenteral 
Alimentation Catheter 
(Scribner Type) 


Blood Collection Devices 
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REDUCTION OF ACUTE MYOCARDIAL ISCHEMIA IN ISOLATED RABBIT 
HEART BY HYALURONIDASE ` 
Michael B. Simson, M.D., Wesley R. Harden, M.D., Clyde H. 
Barlow, Ph.D., Bruce Slagle, and Alden H. Harken, M.D., 
FACC, University of Pennsylvania, Philadelphia, PA. 





“The effects of Hyaluronidase (H) on acute myocardial is- 
chemia was studied in isolated nonworking rabbit hearts. 
-H was begun five minutes after coronary artery ligation 
-at:4 units/ml perfusate. Coronary flow and myocardial 
“oxygen consumption were determined. After 40 minutes, 
the hearts were perfused with fluorescein or rhodamine to 
indicate areas of myocardial perfusion, and quick frozen. 
The epicardial surface was removed. NADH fluorescence 
photography was used to detect areas of myocardial is- 
chemia. In 13 H treated hearts, coronary flow increased 
to 138 + 10% (mean + SE) of the post-ligation control. 

In 10 untreated hearts, coronary flow decreased to 79 + 
9%. Myocardial. oxygen consumption decreased to 63 + 7% 

-of control in the H treated hearts, but was unchanged 
(103 +: 11%) in untreated hearts. There was no differ- 
‘eticé between treated ‘and untreated hearts in the amount 
of non-perfused myocardium, or control myocardial oxygen 
“consumption, coronary flow or coronary venous PO.. 

-In H treated hearts, 55 + 6% .of the non-perfused myocar- 
c dium was ischemic (NADH fluorescent) and the ischemic 

~ areas had a patchy distribution. In the untreated hearts 

89+ 22: 0f the non-perfused: area was ischemic and ischen- 
de areas were uniform. The distance between perfused and 

ischemic tissue was 861 + 76 u in the H treated and 356 + 

19 u in the untreated hearts. No significant collateral 

-Elow was seen within the non-perfused areas in both 

groups. Conclusion: ‘Hyaluronidase increases coronary 

~oflow, and decreases myocardial. oxygen consumption during 
acute ischemia... In H treated hearts, significant amounts 


of myocardium remain normoxic within the non~ perfused 
“areas. 


S AUTORADIOGRAPHY WITH 99Tc LABELED ALBUMIN MICROSPHERES, 

A NEW METHOD FOR DELINEATION OF- ISCHEMIC TISSUE AT RISK 

OF INFARCTION: DEMONSTRATION OF THE PROTECTIVE EFFECT 

OF VERAPAMIL 

Laurence W.Y. DeBoer, MD, H. William Strauss, MD, Robert 

“A. Kioner, MD, PhD, Robert E. Rude, MD, Richard F. Davis, 
MD, Eugene Braunwald, MD,FACC, Peter R. Maroko, MD,FACC 
Peter B Brigham Hosp Mass Gen Hosp, Boston, MA 
Demonstration of anatomic reduction in infarct size (IS} 
is hindered by wide variation in quantity of ischemic 

tissue below coronary artery occlusion (CAO) due to vari- 
able coronary collateral circulation. We sought a marker 

“for determining the ischemic ared at risk (TAR) which 
was? I) assessed prior to permanent vascular changes and 
prior to treatment and 2) that was physiologically dis- 
tributed to the heart. Thus, 21 dogs underwent left an- 
terior descending CAO, and at 30 min, 600,000 albumin 
microspheres (28 diameter) heavily labeled for auto- 
radiography with 99Tc (3-11 mC) were injected into the 
left atrium. At one hour 12,dogs received the calcium 
antagonist Verapamil (0.2 mg/kg loading, 0.6 mg/kg/hr for 
7 hrs). Nine dogs served as controls. At 8 hrs, the 
hearts were sectioned into 3 mm slices, infarcts deline- 





ated with triphenyl tetrazolium chloride and planimetered. 


Autoradiographs of the slices were made and the IAR as 
represented by "cold spot" images on the autoradiographs 
were planimetered. All numbers were expressed as % of 
the left ventricle below CAO. 








RESULTS Control Verapamil P 
TAR (Ischemic Area) 37.322.8 36.642.0 NS 
Infarct. Size 35,223.2 26.142.5 <.65 
=A of TAR that infarcted 92.624.3 70.545.1 <,01 


“We conclude that this model allows quantification of in- 
i faret size as a percentage of a physiologically determin- 
-ed area at risk. This improves the ability to determine 
“oprotective effects of pharmacologic agents. 
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ABSTRACTS 


THE EFFECTS OF NIFEDIPINE ON ISCHEMIC MYOCARDIUM: 
PRESERVATION OF CONTRACTION DURING PARTIAL CORONARY 
OCCLUSION 

Shigehiko Hattori, MD; William W. Weintraub, MD; Jai B. 
Agarwal, MD; Monty M. Bodenheimer, MD, FACC; Vidya S$. 
Banka, MD, FACC; Richard H. Helfant, MD, FACC, Presby- 
terian-University of Pennsylvania Med. Ctr., Phila., Pa. 








Although nifedipine (a calcium antagonist) has been used 
in the management of patients with angina pectoris, its 
effects on regional myocardial contraction are unknown. 
To study its effects on the myocardium, partial coronary 
occlusion (50% flow reduction) was produced on the left 
anterior descending coronary artery in 9 open-chested. -` 
dogs. Pairs of ultrasonic crystals were- implanted sub=: 
endocardially in the nonischemic zone (NZ) and ischemic 
zone (IZ) to’ measure end-diastolic length (EDL) and % 
systolic shortening (ZAL). Thirty minutes after partial 
occlusion (PO) nifedipine 5ég/kg/min was infused intra- 
venously. During PO, ZAL in IZ decreased from 26.34+1.1° 
to 3.441.3 (p<0.001). With administration of nifedipine, 
ZAL increased from 3.441.3 to 13.142 (p<0.001). -NZ ZAL 
was unaffected by PO and nifedipine. End-diastolic lenge 
(EDL) increased from 10.0 to 10.940.8 mm (p<0.05) after PO 
Nifedipine decreased EDL to 9.9+1.03 mm (p<O0.05). NZ EDL 
did not change significantly after PO or nifedipine. 
Heart rate increased from 147.2+20.4 to 149.8420.1 after 
PO and decreased to 142.64+14.5 after nifedipine. (p-NS) 
LV systolic pressure decreased from 1154+20.8 to 106. 7415. 2: 
after PO and to 103+3.6 mmHg (p>0.05) after nifedipine, 
LVEDP increased from 3. 840.5 to 4.4+1.1 after PO and de=. 
creased to 3.540,9 mmHg (po. 05) after nifedipine. “In 
summary, nifedipine in doses which have no significant. 
hemodynamic effects improves. contraction in the ischemic: 
zone without affecting the nonischemic zone. 









REDUCTION OF EXPERIMENTAL. MYOCARDIAL INFARCTION SIZE BY 
ORTHO-IODO SODIUM BENZOATE 

Robert E. Rude, MD, Robert A. Kloner, MD, PhD, John Tumas, 
BS, Laurence W.V. DeBoer, MD, Marcel Gunst, MD, Myron 
Laver, MD, and Peter R. Maroko, MD, FACC. Peter B Brigham 
Hosp/Mass Gen Hosp, Boston, MA : 


Ortho-iodo sodium benzoate (OISB) diminishes the affinity 
of hemoglobin for oxygen, thus enhancing potential tissue 
oxygen delivery. We sought to determine the effects of 
OISB on myocardial ischemic damage in anesthetized dogs. 
Nine dogs underwent 2 temporary 15 minute coronary artery 
occlusions (CAO) of the left anterior descending artery 
(LAD) with intervening reperfusion. Saline (4 dogs). or 
OISB (500. mg/kg; 5 dogs) was infused intravenously prior 
to the second-CAO. Mean epicardial ST segment elevation 
from ischemic zones was the same during ‘both CAO's in 
saline-treated dogs (3.4+0.7 mV), but decreased from 3.7+ 
0.3 mV to 1,140.4 mV (p<.001) after OISB treatment. 
Thirty-one dogs undergoing permanent CAO of the LAD were 
then randomized to treatment with OISB 500 mg/kg intra- 
venously (n=15), administered just prior to CAO or to a 
control group (n=16). Twenty-four hrs after CAO, the 
hearts were excised, transverse slices of the left ven- 
tricle (LV) were stained with triphenyl tetrazolium chlo- 
ride, and infarct size (IS) as a percent of total LV 
weight, was calculated after dissection of each LV slice 
into necrotic and non-infarcted portions. Control and 
OISB treated dogs, respectively, were similar with regard 
to distance from aorta to CAO (2.64+0.7 and 2.5+0.5 em), 
but IS was less in the OISB treatment group (22.6+2.32%) 
than in controls (31.0+1.6%, p<.01). In 6 dogs, OISB 
treatment raised the pO? at 50% oxyhemoglobin saturation 
(P59) from 31.9+0.5 to 35.74+0.7 mmHg (p<.01). We con- 
clude that OISB administration before experimental CAO 
lessens the degree of acute myocardial ischemia and the 
ultimate amount of ischemic necrosis. 








ABSTRACTS | 


REDUCTION OF ISCHEMIC MYOCARDIAL NECROSIS BY LIDOCAINE 
ADMINISTRATION. 

Fred N. Nasser, MD; Makoto Sunamori, MD; William E. 
Edwards, MD; Carlos E. Harrison, MD, FACC, Mayo Medical 
Schecl, Rochester, Minnesota. 


This investigation assessed the effects of therapeutic 
doses of lidocaine on myocardial cell respiration, creatine 
kinase depletion (CPK), left ventricular stroke work 
{LVSW), and cardiac necrosis in anesthetized open-chested 
degs. The animals were subjected to 40 minutes of occlu- 
sion of the left anterior descending coronary artery fol- 
towed by 5 hours of reperfusion. Alpha-Zurine blue dye was 
used to delineate ischemic areas and triphenyl tetrazolium 
chloride to demarcate necrotic areas. Cellular necrosis 
was confirmed by histologic sections and the necrotic 
tissue was resected for cemparison with LV weight. Mito- 
chondrial respiration was assessed by a polarographic tech- 
nique after isolation of mitechondria by centrifugation. 
Pressures were measured in the LA, LV, aorta and cardiac 
output determined by the cardiogreen dye method. Group I 
(n=12) had saline infusion; Group II (n=8) had 0.2 mg/ke/ 
min lidocaine infusion (serum, 16.8 + 1.4 ug/ml); Group III 
(m=5) received 0.04 mg/kg/min (serum 3.6 pg/ml). Ischemic 
regional myocardial blood flow (measured by $r85 9 p 
spheres} was 6.34 +.1,.62 m1/100 mg/min (1); 1.48 + 0.59 

ml in IZ (p<@.05); 1.32 + 0.50 in III (p<0.05). Oxygen 
consumed during conversion of adenosinediphosphate to 
adenosinetriphosphate in mitochondria from control and 
tidocaine treated ischemic tissue was depressed (p<0.05) 
and correlated (r=0.63) with CPK depletion. LVSW was not 
significantly different among the 3 groups. Control 
infarct size was 12.6 + 2.0% LV weight; II was 4.8 + 1.2 
{p<0.01}; III was 4.8 + 2.5 &p<0.05). The data suggest 
that the reduction of myocardial infarct size by lidocaine 
was not dependent upon enhanced myocardial blood flow and 
independent of LVSW. 
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ST. JUDE AORTIC VALVE PROSTHESIS: POST-OPERATIVE 
HEMODYNAMIC EVALUATION AT REST AND EXERCISE. 
dames Hoback,MD; Yang Wang, MD; D. Nicoloff, MD; R. W. 
Emery, MD; Charles R. Jorgensen, MD; R. W. Anderson, MD; W. 
G. Lindsay, MD. U of MN; Mpls., MN. 


From 10/3/77 to 3/20/78 32 patients received St. Jude aortic 
valve (AV) prostheses at the U. of Minnesota Hospitals. 22 
patients had follow-up catheterizations at a post-operation in- 
terval of 4 months; 9 had exercise studies with aortic valve 
gradient measurements. Hemodynamie data included simultan- 


7 ;eoùüs left ventricular (LV) end aortic pressures for determination 


of aortic valve systolic gradient {AVSG) at rest and, in 9 patients, 
at 3 minutes of exercise at a load of 50-75 watts. LV pressure 

¿wes obtained transseptally using an 8F pigtail catheter in the LV 
during the exercise study. Other data included cardiac output, 
pulmonary artery wedge pressure (PAWP), and left ventriculog- 
raphy. For the entire group mean resting AVSG (peak to peak) 
was 2.2.mm Hg (0 mmHg - 10 mmHg) with a mean cardiac output 
of 6.5 Imin (4.1 1/min- 10.8 l/min}. Mean PAWP was 9 mmHg at 
rest and 22 mmHg at exercise. The 9 patients in the exercise 
group had a mean exercising AVSG of 3.7 mmHg (0 mmHg - 12 
mmHg), with a mean cardiac output of 9.7 1/min (8.5 1/min - 12.0 
l/min). We conclude that the new St. Jude prosthetic valve in the 
aortic position has excellent in vivo hemodynamic characteristics 
at rest and with exercise and may offer a significant advantage 
over the AV prostheses currently in use. 





COMPARATIVE. HEMODYNAMIC EVALUATION OF THE CARPENTIER~ 
EDWARDS AND ANGELL-SHILEY PORCINE KENOGRAFTS Bernard R, 
Chaitman, MD, FACC; Juan Luis Delican, MD; Raoul Bonan, 
MD; Ramiro Rivera, MD; Julio F. Tubau, MD; Lorenzo Lopez- 
Bescos, MD; Vicente Fernandez Vallejo, MD; Gilles Lepage, 
MD, Montreal Heart Institute, Mortreal, Quebec and Ciudad 
Sanitaria Provincial de Madrid, Madrid, Spain. 





Few postoperative hemodynamic data are available for 
the Carpentier-Edwards (CE) and angell-Shiley (AS) por- 
cine valves. In this multicenter study, 80 patients in 
NYHA class I-II with CE (N=40) amd AS (N=40) valves were 
catheterized 6-12 months after operation. Cardiac output 
and simultaneous transvalvular gradient (grad) were 
recorded at rest and during moderate supine exercise 
following the same hemodynamic protocol. The following 
results (CE vs AS) were obtained (X+SD). 


Rest grad Exercise grad Areas 
AV replacement (mmg) (mmHg) (CM2) 
AV size (mm) CE AS CE AS cE AS 
21-23 (ne1O) 2148 29213 2826 32417 1.24.3 .744.2 
25-27 (n=#21) 1547 28410+ 24210 3810+ 1.42.3 1.0 4.24 
28-31 (n=13) 1727 22410 1847 33410+ 1.94.7 1.4 4.3% 


a ey ep<.05; tp<.01 
27-29 (n=14}) 7#3 1447* 17411 26212 2.14.6 1.0 4.37 
30-33 (mz17) 5+1 12¢5t 1144 239% 2.92.9 1.5 +.47 

The average increase in cardiae output during exercise 
was 78% for the CE series and 59% for the AS series 
(p<.05). Grade 1/4 regurgitation was noted in 4 pts with 
CE valves and 5 pts with AS valves. 

It is concluded that the hemodynamic performance of the 
Carpentier=Edwards valve is substantially better than the 
Angell-Shiley valve for each group of stent sizes evalu- 
ated. The Angell-Shiley valve is moderately obstructive 
and has suboptimal hydraulic function. 





HEMODYNAMIC EVALUATION OF PORCINE HETEROGRAFTS IN 

THE MITRAL POSITION FOR MORE THAN FIVE YEARS 

Lewis C.Lipson, MD, Kenneth. M.Keat, MD, FACC; Charles L. 
McIntosh, MD; Douglas R.Rosing, MD; Robert O.Bonow, MD; 
John Condit, BS; Stephen E.Epstein, MD, FACC; Andrew 
G.Morrow, MD, NHLBI, NIH, Bethesda, Md. 





Porcine heterografts are widely used for mitral valve 
replacement. (MVR). However, concern has arisen about the 
long term durability of these valves because of documen- 
ted deterioration of their collagen architecture. Prior 
to October, 1973, 54 pts had MVR with porcine valves at 
the NIH, thereby providing a follow-up of >Syears. Of 49 
pts surviving operation, 17 died >1 month postop of causes 
not definitely related to valve failure and 8 were either 
lost to follow-up or refused another catheterization. Of | 
the remaining 24 pts, 5 subsequently died or required MVR 
because of valve failure at a mean of 77 mo (range 56-100). 
Cath data available prior to 2nd operation on 3 of the 5 
late failures showed, compared to data obtained shortly 
after first operation, an increase in mean mitral valve 
gradient (MVG) from 7 to 17 mmHg, ang a decrease in mitral 
valve area (MVA) from 2.4 to 0.89 cm ; all had severe mi~ 
tral regurgitation. The remaining 19 pts were clinically 
stable: 14 had repeat hemcdynamic evaluation and these 
late data were compared to the € mo. postep data. Five 
pts (36%) had acquired significant mitral stenosis, as 
manifest by a decrease in MVA >C.5cm or an increase in 
mean MVG >5mmHg. Thus, there is not only an appreciable 
incidence of late porcine valve failures requiring valve 
replacement, but alsco a high incidence of late hemodyna~ 
mic deterioration even in pts whose clinical status re~ 
mains as yet unchanged. As a result of these data, por- 
cine heterografts are no longer used for MVR at the NIH 
except in older pts or those with contraindications to 
anticoagulation. 
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ALTERATIONS IN COLLAGEN OF- PORCINE VALVE HETEROGRAFTS IN 

PLACE FROM 3 TO 94 MONTHS: THE CAUSE OF LEAFLET CALCIFIC 
» DEPOSITS AND OF PERFORATIONS. AND TEARS 

Victor J. Ferrans, MD, Steven W, Boyce, BA, Margaret E. 

Billingham, MD, Michael Jones, MD., and William C. 

Roberts, MD, FACC, National Heart, Lung, and Blood 

Institute, Bethesda, Md., and Stanford University 
“Hospital, Stanford, Ca. 





“Morphologic studies were made of 14 porcine valvular het- 
-erografts (PVH) containing calcific deposits (CD) in 14 
patients (pts) aged 2.5 to 65 years at the time of im- 
plantation, Eleven PVH had been in the mitral position, 
ł in the aortic, 1 in the tricuspid, and 1 in a pulmonic 
conduit. Thirteen PVH were recovered at reoperation (be- 
cause of stenosis in 8, regurgitation in 3, infection in 
1 and perivalvular leak in T} and 1 at necropsy. Six PVH 
had leaflet perforations. CD were evident grossly in ll 
PVH and only microscopically in 3; the CD were located 
within the leaflets in 13 pts and in vegetations only in 
l pt. The most important CD were localized in the spon- 
giosa and produced elevated plaques, When minimal, CD 
tended to be located in areas adjacent to the aortic wall 
near commissures; when extensive, they were multiple and 
also involved more central areas of the cusps. CD were 
grossly, histologically and ultrastructurally similar in 
young and older pts, Known factors predisposing to CD 
were present in only 1 pt {chronic renal disease). Leaf- 
let perforations were related to breakdown of collagen 
fibrils. This fact was confirmed by study of unimplanted 
_ oPVH cycled in a valve tester. for times equivalent to up 
2 to G-years of clinical use. In conclusion, collagen al- 
terations are responsible for the 2 principal modes of 
PVH failure: stenosis (due to CD) and regurgitation (due 
---to breakdown of fibrils, leading to perforations and 
> tears): 


FAILURE OF DIASTOLIC ABNORMALITIES TO REGRESS AFTER 
CORRECTION OF AORTIC STENOSIS; A CASE FOR EARLIER 
OPERATION? 

Martin St.John Sutton; Marianne St.John Sutton; Itai 
Rozovsky; Daniel Marier; Philip Wong; Derek Gibson. 
Brompton Hospital, London, England, U.K. 


Relief of aortic stenosis is accompanied by symptomatic 
benefit provided operation (op) is performed before the 
onset of irreversible left ventricular (LV) disease. Suit- 
able criteria for such timing of op do not exist. We 
therefore recorded LV echocardiograms in 50 patients(pts) 
pre-op, and 40 pts post-op and compared them with 15 
normals to assess whether there was regression of LV 
abnormalities post-op. All pts had LV outflow gradients 
(50-225 mean 88 nm Hg) and LV hypertrophy on HOG. Echo- 
cardiograms were obtained pre-op and from 1 month to 5 
years post-op and digitized to display the duration of 
rapid IV filling(kF),delay in mitral valve opening(MVO) 
with respect to minimum LV dimension, and peak rates of 
1) inerease in LV dimension, dD/dt,2) systolic LV short- 
ening, VCF, 3) wall thickening,+dW/dt, and 4) wall thim- 








ning,-dW/dt. (* = p<0.02) 
Patients. dD/dt VUF +dW/dt -dW/dt RF MVO 
Normals 14.5 2.6 4.7. 9.7 160 ms ims 
(n=15) #2.3 40.4 +1.4° 44.3 +50 +6 
Pre-op. 10.9 2.5 5.3 6.2* 213 59 
(n=50) 44.0 +1,1 42.2 42.7 +85 +31 
Post-op. 11.5 2.2 4.8 6.4* 189 49 


{n=40) 43.8 +0.9 +41.7 42.5 +56 +35 

Pre~op systolic function(VCF,+dW/dt) was normal but severe 

2 pre-op diastolic abnormalities(dD/dt.,-—dW/dt ,MVO)failed to 
= regress post-op, reflecting persistence of LV disease which 

might. be prevented if timing of operation was based on 

= -digitized echo plus clinical data rather than on clinical 
-odata alone. 





and frequency of occurrence of depressed EF and 


ABSTRACTS 


PROGNOSTIC SIGNIFICANCE OF PREOPERATIVE EJECTION 
FRACTION IN DIFFERENT AORTIC VALVE LESIONS: o 
FACC; Brian G: Firth, MD; 


Robert Forman MD 
Marius S. Barnard, MCh, Üniversity of Cape Town 


Medical School, Cape Town, South Africa. 














Patients with aortic regurgitation (AR) 
depressed ejection. fraction- (EF) have 
reported to show poor recovery of L.V. 
postoperatively. The . prognesite i 


other parameteres. were therefore examined in 229. 
successive patients undergoing aortic: valve 
replacement. Aortic. stenosis (AS) -was present 
in 29%, AR in 39% and mixed aortic disease (M) 
in 31%. Significantly fewer patients with AS. 
(19%) had EF's < 0.50 compared with AR (37%) and 
M (38%) (p-<-0.05). The 3 year survival was-not 
significantly different in patients with either. 
AS or M whether they had EF > or <« 0.50, C> er 
< 2.5 L/m/M" or LVEDP >-or < 15 mmHg. Patient: 
with AR had the following 3 year postoperativ: 
survival; EF < 0.50 = 64 + 10%, EF > 0.50 = 93 
+ 4% (pl 0.02); CI < 2.5 = 63 + 10%, CI > 2.5 
= 94 +. 4% {p< 0.02); LVEDP IS = 76 + i, 
LVEDP T15 = 96 + 4% (p< 0.05). CI was < 2. 

in 40% AR. patients and LVEDP was > 15 in is a 
Age, sex, prosthetic valve type did not affect- 

prognosis. Depressed EF in patients with AR 
carried a poorer long term prognosis with six of. 

ten late deaths being due to CHF or occurring 
suddenly. We therefore recommend. monitoring: EF 
non-invasively in. asymptomatic patients. 
significant AR and consider. aortic 3 
replacement with the development of depressed — 
EFs . : 











MITRAL VALVE. REPLACEMENT FOR ISOLATED MITRAL 

REGURGITATION: EARLY AND. LATE RESULTS 

Harry R. Phillips, MD; Frederick H, Levine, MD; Jane E. 
Carter, RN; Charles A. Boucher, MD, FACC; Gerald M. 

Pohost, MD, FACC; Mortimer J. Buckley, MD, FACC, Massachu« 
setts General Hospital, Boston, Ma 02114 

Ninety-five ‘consecutive patients (pts) underwent mitral 

valve replacement (MVR) for isolated mitral regurgitation 
(MR) from 1974 to 1979. Pts with coronary artery disease, 
primary cardiomyopathy, mitral stenosis and active endocar 
ditis were excluded. Ages ranged from 17 to 75, mean 57. | 
yrs. Etiology of MR was rheumatic in 15%, ruptured chordae 

or floppy valve in 82%, and unknown in 3%. Preoperative 

NYHA Class was I or II in 20% and ITI or IV in 80%. Left 
ventricular. function (LVF) was qualitatively normal in 83% 
ejection fraction (EF) range 50-79%, and abnormal in 17%, 

EF range 30-49%. Mean pulmonary artery pressure (PAP) 

was <40 mmHg in 77% and >40 in 23%. Left ventricular end- 
diastolic pressure (LVEDP) was <20 mmHg in 86% and >20 in 
14%. Cardiac index (CI) was >2.0 L/min/M” in 73% and <2.0 

in 27%. Operative mortality was 3% with no operative 

deaths since 1976. At followup (mean 24 mos.) there were 

9 late deaths: 4 sudden, all in pts who had PAP >40, were 
Class III or IV preoperatively, and who became Class I ot 

II postoperatively; 3 due to cerebrovascular complica- 

tions, all in pts with ball-vaive prostheses; 1 due to 
probable bacterial endocarditis; 1 non-cardiac. Predicted 

3 year survival rate for operative survivors was BIZHASE: 
Preoperative NYHA Class, LVF, PAP, LVEDP and CI did not 
appear to predict early or late survival. Ninety-five 

percent of operative survivors were NYHA Class I or Il, : 
and 5% Class III. MVR can be safely performed in severely | 
symptomatic pts with MR at a low mortality and with excel- 
lent functional recovery. Long term survival is good but). 
unexplained sudden death may occur late after surgery 
despite a good clinical result. 
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COMPLETE AORTIC ROOT AND VALVE REPLACEMENT WITH 
REIMPLANTATION OF THE CORONARY ARTERIES - ? SOLUTION TO 
TUNNEL OBSTRUCT LON 

Jane Somerville, MD, FACC; Donald Ross, FACC 

National Heart Hospital, London, England. 


Between 1976-1979, 20 selected patients aged 5-27 years 
“with serious congenital left ventricular outfiow lesions 
hac total aortic root and valve replacement with "fresh" 
adult aortic homograft and reimplantation of the coronary 
arteries. 13 were second or third reoperations. 7 were 
first procedures. Severe obstruction was present in 16 
related to valve stenosis (12) or fixed subvalvar rings 
(43; 14 had diffuse long ("tunneli") obstruction. 2 of 
the 4 with aortic regurgitation had failed valve 
replacements and Z had aortic root disease. There was 
one perioperative death from poor treatment of left 
ventricular failure. Complications encountered were 
difficulty in allgning coronary arteries (3) and early 
teft ventricular dysfunction (5) possibly caused by 
myocardial ischaemia or "preservation" techniques. One 
=o pate death unrelated to the root replacement occurred 
“after 3. years; there was normal function of the aortic 
valve and outflow. {8 of 19 survivors remained 
asymptomatic with maintained improved left ventricular 
function, Reinvestigation with Isuprel stimulation and 
angiography in 15 confirmed no or low resting outflow 
gradients (4), low Isuprel gradients (6), trivial aortic 
regurgitation (4) and improved or normal left ventricular 
function (12) with both coronaries normally filled (14). 
The aortic wall calcified quickly in young patients. We 
conclude that this technically more complex operation is 
indicated in patients with diffuse left ventricular 
outflow obstruction and diseased aortic roots and should 
be the procedure of choice with actual or potential 
tunnel obstruction. 


< PULMONARY EMBOLECTOMY 


Zev Davis, M.D,, FACC; Robert L. Berger, M.D., FACC; 
John K. McCormick, M.D., FACC; Martha E. Fay, M.A., 
Boston University Medical Center, Boston, Massachusetts, 





Despite intensive medical support, survival remains low 


following an acute massive pulmonary embolus (PE) and 
shock. We reviewed our experience from 1965-1979 with 22 
patients (pts) having pulmonary embolectomy to determine 
“whether a surgical approach for this condition is war- 
ranted. There were 12 males and 10 females with an age 
range from 33-78, and a mean age of 54.4 years. Twenty 
pts had pulmonary angiography which demonstrated 50% or 
greater obstruction of the major pulmonary vasculature. 
Operation was performed within 12 hours of embolization 
in 19 pts, and within 24 hours in 3 pts. All were in deep 
“shock despite intensive inotropic support. Cannulation 
lof the femoral artery and vein for cardiopulmonary by- 
pass (CPB) was performed under local anesthesia, prior to 
“induction for general anesthesia. Institution of partial 


= bypass. for circulatory support was necessary in 17 pts 


because of deepening hypotension or cardiac arrest. Six- 
teen pts had inferior vena caval (IVC) interruption pro- 
cedure. Operative mortality was 6/22 (27.2%). Two 
deaths were unrelated to the procedure and a third was 
due to IVC tear following attempted ligation, In 7 pts 
studied immediately post embolectomy and at 16 to 56 
months postoperatively, mean pulmonary artery pressure de- 
creased from 40 mmHg preop to 10 mm Hg and mean right 
atrial pressure from 16 mm Hg preop to 5 mm Hg. No resi- 
dual obstruction was noted on angiograms, Definitive 
diagnosis through angiography, early intervention and 
preoperative circulatory support make pulmonary embolec- 
tomy a life saving procedure with acceptable mortality. 
Extended use of this procedure is recommended. 
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FOLLOW-UP RADIONUCLIDE ASSESSMENT OF LEFT VENTRICULAR 
FUNCTION AND PERFUSION IN PATIENTS REQUIRING INTRAAORTIC 
BALLOON PUMP TO WEAN FROM CARDIOPULMONARY BYPASS. 

Ross Davies, MD, Hillel Laks, MD, FACC, Harvey Berger, MD, 
Byron Williams, MD, Frans Wackers, MD, FACC, Graeme 
Hammond, MD, FACC, Alexander Geha, MD, FACC, Alexander 
Gottschalk, MD, Barry Zaret, MD, FACC, Yale University, 
New Haven, Ct. 


Intraaortic balloon pump (IABP) assistance was required 
intraoperatively (intraop) for weaning from cardiopulmo- 
nary (CP) bypass in 67 patients (pt) since 1975. Of the 
30 current survivors, 22 (8 coronary bypass, 7 valve re~ 
placement, 7 both) underwent rest radionuclide left ven- 
tricular (LV) function and thallium-201 (T1-201) perfusion 
studiés at a mean of 19 mos postop. Fifteen pts also had 
exercise (EX) LV function studies. Fifty percent of sur- 
vivors studied (11/22) had periop myocardial infaretion 
(MI) documented by rest T1-201 defects not explained by 
preop MI or periop serum CK-MB elevation >5%. The inci- 
dence of periop MI's in survivors was identical to that in 
pts who died intraop or immediately postop (17/34). 

Among survivors studied, there was no difference be~ 
tween mean (+SEM) preop and postop resting LV ejection 
fraction (EF) (48+5 vs 45+4%). Similarly, postop resting 
LVEF was not different in patients with or without periop 
MI (44+7% vs 47+5%). Pestop LVEF rose by >10% compared to 
preop in 5 pts, while LVEF fëll by >10% in 10 pts (6 with 
periop MI). Although only 3/15 pts had a normal (nl) LV 
response to EX (>5% increase in LVEF), 20/22 had dramatic 
symptomatic improvement. 

Thus, IABP successfully weaned many pts from CP bypass, 
and about half are long-term survivors with minimal symp- 
toms. Periop MI occurred equally in survivors and nonsur- 
vivors. Although mest survivors had abni EX LV reserve, 
postop resting LVEF generally was preserved, indicating a 
component of reversible intraop LV dysfunction. 


CONGESTIVE CARDIOMYOPATHY PATIENTS AS HEART~TRANSPLANT 
RECIPIENTS. 

Lewis A. Hassell, BS; Robert E. Fowles, MD; Charles P. 
Bieber, MD; Edward B. Stinson, MD, FACC, Stanford Uni- 
versity School of Medicine, Stanford, California. 


To assess prognosis for cardiomyopathy (CM) patients 
(pts) as transplant candidates, records were analyzed for 
105 pts receiving heart transplants. from January 1971 to 
August 1978, including 59 pts with end-stage coronary ar~ 
tery disease (CAD-T) and 46 pts (CM-T) with congestive 
cardiomyopathy (43 idiopathic, 2 ethanolic and 1 famil- 
ial). 36 non-transplanted CM pts (CM-NT) clinically com- 
parable to the CM-T group were also evaluated. Overall 1 
year survival rates fer the 3 groups were as follows: 





CAD-T CM-T CM-NT 
55% 64% (n.s. 23% (p <0.001, 
vs. CAD-T) vs. CAD-T, CM-T) 


CM-T pts who survived the first 3 months after surgery had 
a l year survival rate of 85% overall. CM-T and CAD-T pts 
did not differ significantly in the time to second early 
rejection episode. Deaths due te infection and rejection 
were 46% and 31% in the CM-T. group compared with 56% and 
28% in the CAD-T pts. For CM-T pts under age 40, the 
average time to second rejection episode was significantly 
longer (p=0.027) than in CM-T pts age 40 or older. -Deaths 
due to infection and rejection were also lower forthe 
younger CM-T group, 42% and 17% vs; 50% and 36% in the 
older group, though the overall survival was comparable in 
the 2 age groups. 50% of the total number of CM-T pts or 
80% of 3 month survivors returned to functional class I. 

We conclude that 1} CM pts fare as well or better than 
comparable CAD pts following cardiac transplantation, 2) 
younger CM-T pts have lower risks for infection and re- 
jection, and 3) cardiac transplantation is an appropriate 
consideration for end-stage CM pts. 
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LONG-TERM SURVIVAL FOR 184 PATIENTS WITH TREATED AORTIC 
DISSECTION 
R.M. Doroghazi, MD; E.E. Slater, MD, FACC; R.W. DeSanctis, 
MD, FACC; 5.V. Rosenthal, PhD; W.G. Austen, MD, FACC; M. 
J. Buckley, MD, FACC, Mass. General Hosp., Boston, Ma. 
Evaluation of therapy for aortic dissection has been ham- 
pered. by the limited number of patients per series, fail- 
ure to classify patients by location and duration of dis- 
section, and lack of extended follow-up. From 1963-78, 
184 patients with spontaneous aortic dissection as proven 
by angiogram, surgery or autopsy were seen at Mass. Gen- 
eral Hosp. Long-term follow-up was accomplished in 180 
cases, mean follow-up was 48.4 months, range 1~147 months. 
Patients were classified by type of dissection (P=proxi- 
mal, types I&II, D=distal, type III); duration (A=acute, 
£2 weeks; C=chronic, >2 weeks); mode of therapy (S=surgi- 
cal, H=medical). The previously published guidelines for 
choice of S vs H therapy were used. Number of patients in 
each category was: PAS=39 PCS=24 DAS=43 DCS=7 PAM=10 PCH= 
<0 DAM=34 DCM=7. 20 patients received no therapy. Hospital 
survival was: PAS=51% PCS=92% DAS=49% DCS=86% FAH=60% 
“DAN=82% DCM=86%. Overall Long-term survival was: PAS=36Z 
PCS=674: DAS=40% DCS=57% PAM=40% DAM=48% DCM=86Z. Late 
survival for those patients discharged from the hospital 
wast PAS=70% PCS=73% DAS=81%. DCS=672% PAM=67% DAM=60% DCM= 
864. Chi square analysis showed a significant €P<0.02) 
dissociation for hospital survival between A vs C and S 
“vse Mj for overall long-term survival between A vs C; and 
for late survival of those patients discharged, no signi- 
/f€ieant differences. These data suggest that chronic pre- 
“Bentation. is the mast significant determinant cf early 
“and Jate survival; that the significant difference be- 
‘tween initial S vs M therapy was due to the more criti- 
čally iit condition of the surgically treated patients; 
cand that initially successful surgical or medical therapy 
for aortic dissections is sustained on long-term follow- 
up. 


HYPERTROPHIC OBSTRUCTIVE CARDIOMYOPATHY-~~19-YEAR 
POSTSURGICAL SURVIVORSHIP 

Margaret M. Beahrs, MD; Abdul J. Tajik, MD, FACS; James B. 
Seward, MD, FACC; Emilio R. Giuliani, MD, FACC; Dwight C. 
McGoon, MD, FACC, Mayo Clinic, Rochester, MN. 

The purpose of this study is to report the very long-term 
postoperative follow-up of patients with hypertrophic 
obstructive cardiomyopathy (HOCM). We reviewed the out- 
come of the first 36 consecutive patients (pts) (22 male, 
14 female; mean age 31 yr) who survived surgery 
(myectomy/myotomy) at the Mayo Clinic between 1960 and 
1972. All 36 surviving pts have been followed for a mean 
of 12 yr. Nine (25%) postoperative deaths have occurred: 
sudden death in 4 pts (after a mean follow-up of 4.3 yr), 
intractable heart failure with atrial fibrillation in 4 
pts (after a mean follow-up of 12 yr), and noncardiac 
death in I pt. Thus the postoperative deaths appear to 
fall into. an earlier (sudden death) group and a later 
(congestive heart failure) group. Presently, 27 pts are 
alive after a mean follow-up of 13 yr (range 6.7-19 yr, 
with 22 pts followed for >10 yr); 13 are NYHA Class I, 11 
Class II, and 3 Class III, as compared with 19 ef 27 who 
were Class III preoperatively. Twelve pts do net take 
cardiac medication, whereas 15 pts are taking propranolol 
or digitalis, or both. Three pts have required permanent 
pacemakers: 1 for operative complete heart block, 1 for 
acquired complete heart block 4 yr after surgery, and 1 
for symptomatic slow atrial fibrillation 18 yr after 
surgery... Five other patients are in atrial fibrillation. 
Conclusion: This study, which contains the most complete 
(100%) aad the longest follow-up data on pts surviving 
surgery for HOCM, documents that the majority-~27 of 36 
pts. (752)--are alive with good to excellent alleviation of 
symptoms as long as 19 yr-->10 yr in 22 pts. We therefore 
continue to recommend surgery in these pts when this is 
clinically indicated. 
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RESPONSE TO EXERCISE AND CARDIAC EFFECTS OF 
THERAPY 
-10:00 


VALUE OF BLOOD PRESSURE RESPONSE TO EXERCISE IN THE 
RECOGNITION OF LATENT OR EARLY BORDERLINE HYPERTENSION 
Surjit S. Bhasin, MD; Subhash C, Khullar, MD, FACC; 
Arnold M. Weissler, MD, FACC, Wayne State University, 
Detroit, MI. 


This study was undertaken to determine whether patients 

(pts) showing a hypertensive response to graded treadmill. ~ 
exercise (GTX) are at a higher risk of developing. subse- 
quent hypertension (HTN). The study is comprised of 313 
patients undergoing GTX between 1975 and 1977. °° 185 os 
male and 101 were black. The mean age of the group | 
56.7 + 12.6 years. A physician recorded the blood. 
pressure by cuff sphygmomanometer before, during an 
after GTX. All pts had resting pressure of less tha 
140/90 mmHg. Exercise blood pressure was label ed: : 
Normal, Abnormal or Borderline when the peak pressure 
was less than 180/100 mmHg (218 pts), grea 
210/110 mmHg (46 pts) and. between 180/100 a4 
mmHg (49 pts} respectively. During the subse í 
followup period of 16-48 months {mean 27.2-+ 7.6 months) ~ 
thirty nine patients developed sustained HIN’ requiring 
anti-hypertensive therapy. 
TOTAL NO. OF PATIENTS 

























PATIENTS DEVELOPING. 


ae 





ABNORMAL M 26. W 29 20(43.4%3) M12 ¥ i 
{n=46) F 20. B 17 F8 B.S 
NORMAL M 126 W 155 13( 5.99) M8 W7 
{n=218}) F 92 B63 F5 B 
BORDERLINE M 33 W28 6(12.33) M3 WI 
(n=49) F 16 B21 F3 BS 






M=Male F=Female W=White B=Black 
Patients demonstrating a hypertensive response to GTX 
showed a significantly higher incidence of developing 
subsequent HTN. Graded treadmill exercise. test appears — 
to be a simple and useful method for the recognition ofo o 
latent or early borderline hypertension. 


BENEFICIAL EFFECTS OF ENDURANCE EXERCISE TRAINING IN AD- 
OLESCENT HYPERTENSION. James M, Hagberg, PhD; Ali A. 
Ehsani, MD; Gregory W. Heath, DHSc; David Goldring, MD}. 
Tony Hernandez, MD; John O,Holloszy, MD. Washington 
University School of Medicine, St. Louis, MO. o3- : 
The effects of 8 mo of endurance exercise+training on 
blood pressure (BP) were evaluated in 9 adolescents, 17 
+ 0.6 yr old, with essential hypertension. The training 
program induced an improvement in. cardiovascular fitness, 
evidenced by a'10% increase in maximum.0) uptake capacity 
(VOgmax) (P20.01), and a significant (P<0.01) decrease 
in heart rate. Despite this improvement in fitness, the 
ozmax of the subjects was still below average for their 
age after training. Body weight and percent body fat 
were unchanged. Systolic BP decreased from an average of 
140 +7 to 132 + 7 (P<0.01). Diastolic. BP decreased from 
86 + 5 to 79-46 (P<0.01). Resting cardiac output, 
measured by the CO, rebreathing method, was elevated 
initially in two of the subjects; the exercise-training 
resulted in a decrease in resting cardiac output in these 
subjects and was responsible for the decrease in their 
BP. The other 7 subjects initially had an elevated 
peripheral vascular resistance and normal cardiac output. 
In these 7 individuals the decrease in blood pressure was 
due to a decrease in peripheral resistance (P<0.01) with- 
out a significant change in cardiac output. In addition 
to a lower resting BP, the subjects had a lower BP during 
standardized exercise following training. These results 
provide preliminary evidence that exercise-training can 
lower BP in children who have increased peripheral 
vascular resistance or an increased cardiac output. 
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IMPROVED CARDIAC PERFORMANCE WITH LONG TERM REDUCTION OF 
BLOOD PRESSURE IN.OLD SPONTANEQUSLY HYPERTENSIVE RATS. 
Janice Pfeffer, Ph.D., Marc Pfeffer,MD, Peter Fletcher ,MD, 
Eugene Braunwald, MD,FACC, Harvard Medical School and 
Pater Bent Brigham Hospital, Boston, MA. . 
To determine whether bleod pressure reduction by chronic 
antihypertensive therapy reduces cardiac mass and improves 
performance in Jong-term hypertension, 12 mo. male sponta- 
neously hypertensive(SHR? and normotensive(NWR) rats were 
treated with hydralazine{H), guanethidine(G) or tap water 
{¢) for 6 mo. Functional performance was assessed by peak 
cardiac index(pCi,ml/min¢kg) and stroke index (pS! ,m1/kg) 
attained during volume toad and by maximum left ventricu- 
lar (LY) pressure developed during aortic occlusion. Peak 
ejection fraction index(pEF!,%) was derived from peak 
stroke volume during volume load and from passive diastol- 
ic pressure volume curves. Further LV hypertrophic growth 
in SHR was arrested by treatment with H or G. This reduced 
cardiac mass was associated with an improvement in pC! and 
pSi to NWR levels and with a significant increase in pEF! 
compared to untreated SHR. The ability of SHR to develop 
pressure was reduced to NWR levels also by treatment. H 
er G had no effect on these-indices in NWR. 


NWR SHR 
E = 20 H= 5 C = 10 H = 10 G = 10 
tV/B Z ORTOR 2,067,008 3,38:.09 3.08.17 2.74.07" 
pct 395215 390257 314218 432+21* 429410 
pSt 1.044,03. 1.074.174 0,834.03 1.14+.06* 1,25+.04% 
pEFI F34 ==- hht? 6hth* 61zh+ 


pDP 222th 22024 270217 24529 226319 
*p<.001, Fp<.01, §p<.05. H and G versus C SHR. 

Thus, chronic treatment with G, a sympatholytic agent or 
4, an agent which. enhances sympathetic activity, arrested 
the progression of LV hypertrophy in old SHR. This reduc- 
tion in cardiac mass was associated with a restoration of 
cardiac performance toward normal, as peak pumping ability 
was improved and pressure generating capacity was reduced. 


EFFECT OF ANTIHYPERTENSIVE THERAPY ON CALCIUM TRANSPORT 
BY CARDIAC SARCOPLASMIC RETICULUM OF SPONTANEOUSLY 
HYPERTENSIVE RATS (SHRs}. Constantinos J, Limas, MD; 
University of Minnesota, Minneapolis, MN. 


Cardiac hypertrophy develops during the course of blood 
pressure elevation in SHRs and is associated with defec- 
tive calcium transport by cardiac sarcoplasmic reticulum 
(SR). At 20 weeks of age, calcium uptake is reduced in 
SHRs (42+1.3 nmol/mg/min vs. 64+1.6 nmol/mg/min in age- 
matched normotensive WK¥s, p<0.01), while Ca++ ATPase 
activity is enhanced (4441.1 mmol/mg/min vs. 35+0.7 in 
WKYs, p*0.02); this results in low stoichiometry between 
calcium uptake and ATP hydrolysis in SHRs. The steady- 
state levels of the phospheprotein intermediate [EP] of 
the transport ATPase are higher in WKYs (0.97+0.1 
nmmol/mg vs. 0,.6740.08 nmol/mg in SHRs, p<0.01) but the 
Ca++. and ATP-dependency are similar in the two groups. 
In order to study the relative roles of hypertension and 
cardiac hypertrophy in the depression of SR function, 
20-week old SHRs and WYs were treated for 10 weeks with 
either hydralazine (100 mg/L) or a-methyl dopa (8 gm/L). 
Both therapeutic regimens resulted in near normalization 
of blood presures of SHRs (hydralazine: 136+4 mm Hg; 
acmethyl dopa: 132+3 mm- Hg}. Regression of cardiac 
hypertrophy, however, was seen only in the g-methyl 
dopa+treated group, as judged by changes in left ventri- 
cular weight, RNA/DNA ratio, and hydroxyproline content. 
Furthermore, improvement in calcium transport capacity 
‘by the SR, as reflected in higher calcium uptake and 
stoichiometric ratio between uptake and ATP hydrolysis, 
was found after a~methyl dopa, but not hydralazine, 
treatment. These results indicate that reversal of car- 
diac hypertrophy is required for improvement in calcium 
transport by cardiac SK after antihypertensive therapy 
of SHRs. 


LONG-TERM MINOXIDIL THERAPY - EFFECTS ON THE HEART 
Walter M. - Kirkendall, MD., F.A.C.C., Jeremy. J. 
Hammond, M.D.; Verse L. Jacks, R.N.; Bert Dougherty, 
M.D. and Peter Ostrow, M.D.. University of Texas 
Medical School, Houston, Texas. 

Nineteen patieats received minoxidil (M) therapy 
for severe hypertension (mean deration 14 months, range 
6-37 months). M {mean daily dese 27 mg) lowered the 
average blood pressere from 202/130 to 149/91 mm Hg (p 
< 0.001) in combisation. with furosemide (mean daily 
dose 324 mg) and propranolol (mean daily dose 290). 
Progressive loss of renal fanetion was halted in 14 
patients. In 5 patients with serum creatinine levels 
> 6.4 mg % progression of renal disease was not halted. 
Left ventricular hypertrophy (EVH) was assessed by the 
Romhilt-Estes point score system in 16 patients. 
(Score: 5=LVH, 4=probable LVH). Mean score before 
treatment was 5.6 (+2.5), this rose to 7.1 (+2.5) {p 
< 0.05) on the latest ECGs. LVH score worsened in 15 
ef the 16 patients. Cardiothoracic ratios (CTR) were 
measured in 12 patients before M and on recent chest x- 
rays. Overall, the CTR did aot alter from 0.49 
(40.05) before M to 0.55 (+0.10) currently. In 4 
patients M was associated with severe heart failure and 
in these the CTR rose from 0.49 (+0.05) to 0.68 
140.05). Two of these patients had pericardial 
effusions. Two patients had severe angina on M and 2 
suffered myocardial infarctions, one of which was 
fatal. Autopsy showed a localized pericarditis and 
white-yellow fibrous plaques over the right atrium. 
Angioblasts were sean micrescosically. This lesion is 
analogous to the right atrial lesion reported in dogs 
given M. These observations suggest that M, although 
preserving renal function and successfully controlling 
the blood pressure in severely hypertensive patients, 
may be harmful te the heart. 





VERIFICATION OF PHYSICIAN ASSESSMENT OF ANTIHYPER- 
TENSIVE THERAPY BY AMBULATORY BLOOD PRESSURE 
RECORDING. Harold L. Kennedy, MD., M.P.H., F.A.C.C.; 

Neil E. Padgett, B.S.; Mi : : Madeleine A. 
Boruta, Department of Cardiovascular Services and Clinical Investiga- 
tions, U.S. Public Health Service Hosptali, Baltimore, Maryland. 

To verify physician clinical assessment of antihypertensive therapy, 
28 patients age 24 to 73 on antihypercersive medication for elevated 
{systolic > 140 anc-diastolic > 90 mm Hg) blood pressure (BP) were 
evaluated by 24 hour ambulatory BP recording. Prior to evaluation 
14 patients were judged to have adequate antihypertensive BP contro!, 
while the remaining 14 patients were thought to be not controlled by 
their attending physicians. BP recordings were obtained every 7.5, 15, 
or 30 minutes using a noninvasive automatic 24 hour ambulatory BP 
recorder (Del Mar Avionics]. Analysis of 3633 individual BP readings 
showed that in patients assessed to have antihypertensive control,6 of 
14 pts. had > 10% elevated BP readings, 3 of 14 pts. had > 25% ele- 
vated readings, and’ 2 of 14 pts. had > 50% elevated BP readings. In 
patients thought not controlled, 9 of 14 pts. had > 10%, 7 of 14 had 
> 25%, and 5 of 14 had > 50% elevated BP readings. 

We find thata physician's clinical assessment of antihypertensive 
control was in general ar accurate predictor of BP measurements 
obtained during a 24 hour period. Hewever, a substantial proportion 
of patients thought to be not controlled in fact had predominantly 
normal blood pressures. 

These findings indicate the 
pitfalls of determining the need 
for antihypertensive therapy 
based on a single clinical visit, 
and demonstrate the usefuiness 
of 24 hour ambulatory blood 
pressure recordings. 


<, CONTROLLED: as, NOT CONTARRLED 


Be se E 


w m p 
PERCENTAGE OF ELEVATED BP READINGS 
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HYPERTROPHIC CARDIOMYOPATHY AND VENTRICULAR 
PRE-EXCITATION. 
E.Rowland, M.J.Davies, D.M:Krikler and J.F.Goodwin. 
Royal Postgraduate Medical School, London W.12 OHS. 


Death in hypertrophic cardiomyopathy (ECM) is 
often sudden, possibly related to paroxysmal 
arrhythmias. 3 patients (aged 19-64) with HCM had 
<o detailed examinations of the conducting system at 
“post-mortem. Two had died suddenly, the third 
following an intractable atrial arrhythmia. Case 1 
had WFW Type B for 25 years and arrhythmias for 15. 
There was a family history of HCM and she died 
suddenly while performing strenuous effort. Case 2 

who hèd no evidence of overt pre-excitation also had 
a strong family history of HCM. She had noticed 
palpitations for 5 years and died when an atrial 
arrhythmia induced ventricular fibrillation. Case 3 
had remained well until persisting atrial fibrillat- 
ion had developed which was conducted rapidly tc the 
ventricles (mean ventricular rate 180 bpm): he died 
one week later. 

. In-all 3 cases the histological picture showed 
-accessory atrioventricular (AV) pathways, these 

< connections showing the typical arrangement of HCM. 
In case 1 the location of the pathway was on the 

~ right- side while in the other 2 the pathways were 
septal. y 

The presence of accessory AV pathways provides 

a Mechanism for arrhythmias to occur and may explain 

sudden death in some patients. These appear to be 
the first cases in whom accessory pathways were 
shown to consist of HCM tissue: such connections 
should be sought in all patients with HCM who die 
suddenly; in case a subset at risk of sudden death 
can be better identified. 


OBSTRUCTIVE VERSUS NON-OBSTRUCTIVE SAM: A CRUCIAL DIS- 
TINCTION. 

Harry Rakowski, MD; Brian W. Gilbert, MD, FAC€; Milutin 
Drobac, MD; Charles Pollick, MD; Derek Boughner, MD; 

E. Douglas Wigle, MD, FACC; Toronto General Hespital, 
Toronte, Canada. 





Systolic anterior mitral motion (SAM) has recently been 

éalled an unreliable marker for dynamic LV outflow tract 

{LVOT) obstruction (OBST). To test this hypothesis, we 

reviewed 100 consecutive patients (pts) with SAM on both 
M-mode and 2-dimensional echo. (2DE studies). 


Asymmetric septal hypertrophy (ASH), (1VS/PW.21.5/1) was 
present in 84/100 (842) pts. Sixty-eight of these 84 pts 
had resting or provocable OBST with both (i) prolonged 
SAM-septal contact > 30% 6f systole (PSSC) on M-mode and 
(ii) narrowing of the LVOT by the body of the anterior 
mitral leaflet (AML) on 2DE. In the remaining 16/84 pts 
without OBST, PSSC was absent and on 2DE, SAM involved 
only the leaflet tip and/or chordae without significant 
change after amyl nitrite inhalation. 


ASH was absent in 16/100 (16%) pts. One of these pts, 
with a-hyperkinetic heart and OBST after provocation, had 
PSSC involving the body of the mitral leaflet. In the 
other 15/16 pts PSSC was absent, with SAM due to chordal 
and/or leaflet tip motion in 13, and non-leaflet struc- 
tures im 2, 


SAM Causing LVOT OBST is characterized by PSSC and 2DE 
‘involvement of the body of the AML. Non-OBST SAM does not 
have PSSC and on 2DE involves only the chordae and/or 
leaflet tip, not the body of the AML. This distinction 
-helps resolve the current controversial role cf SAM in 
LVOT OBST, 


ABSTRACTS _ 


ASYMMETRIC LEFT VENTRICULAR HYPERTROPHY - A STUDY OF 
ANATOMY AND FUNCTION BY CROSS-SECTIONAL ECHOCARDIOGRAPHY 
AND RADIONUCLIDE ANGIOGRAPHY 

Pravin M. Shah, MD, FACC; Richard D. Taylor, MD; Harvey 
S. Hecht, MD, FACC; Maylene Wong, MD, Wadsworth VA Medi- 
cal Center and University of California, Los Angeles, 
California 





Thirty-five patients (pts) with asymmetric left ven- 
tricular hypertrophy (ALVH) diagnosed by cross-sectional 
echocardiography (CSE) were analyzed. for regional distri- 
bution of hypertrophy and wall motion. Two groups of pts 
were compared: +19 with systolic anterior motion {SAM) of 
the mitral valve (Group I) and 16 without (Group ID. 
Distribution of ALVH on CSE was: upper septum (S) (13 
pts); mid S (16 pts), upper antero-lateral (AL) wall 
{5 pts}, mid AL (4 pts), lower S and AL (4 pts each), : 
posteroinferior (PI) (2 pts). More than one segment was 
involved in 17 pts. .Distribution of ALVH was similar in 
the 2 groups. The S, AL and PI walls were analyzed for 
wall motion as akinetic, hypokinetic, normal or hyper- 
kinetic. Hyperkinesia of AL or PI walls was significant: 
ly more prevalent (p<.05) in Group I (79%) than in Group 
II pts (38%). N ce 

Equilibrium radionuclide angiography in 12 Group I pts. 
and in 9 Group II pts showed ejection fractions to be 
0.85 + .09 and .76 + .09 (p<.01), maximum ejection velo- 
cities (volume/second) to be 6.36 + 1.54 and 5.09 + 1.240. 
(p<0.10), and average ejection velocities to be 3,05 £ 
1,06 and 2.41 + 0.32 (p<.10) respectively. 

Thus, ALVH is variable in its distribution. SAM is 
more frequently associated with hyperkinetic free walls 
and increased ejection fraction. 


PATTERNS. AND SIGNIFICANCE OF THE DISTRIBUTION OF LEFT 
VENTRICULAR HYPERTROPHY IN A. LARGE POPULATION OF PATIENTS 
WITH HYPERTROPHIC CARDIOMYOPATHY: A WIDE~ANGLE TWO-DIMEN~ 
SIONAL ECHOCARDIOGRAPHIC STUDY 

Barry J. Maron, MD, FACC; John S. Gottdiener, MD; Stephen 
E. Epstein, MD, FACC, NHLBI, Bethesda, Md. 





M-mode echocardiography has shown asymmetric hypertrophy 
of the ventricular septum (VS) relative to the posterior 
left ventricular (LV) free wall to be a consistent feature 
of hypertrophic cardiomyopathy (HCM)... However, M-mode 
echo permits assessment of hypertrophy in only a limited 
area of the ventricular walls. To better characterize 
distribution of hypertrophy throughout the entire LV wall, 
and deter.ine- whether different patterns of hypertrophy 
are of clinical significance, 74 pts with HCM were studied 
by wide-angle 2-dimensional (2D) echo. Hypertrophy was 
confined to VS in only 20 pts, but involved both V5 and 
anterolateral LV free wall in 43 pts and selectively in- 
volved only the LV free wail in ll pts. Posterior LV free 
wall (through which the M-mode beam passes) was usually the 
least hypertrophied area of the LV. In 46 of the 74 pts 
hypertrophy was judged to be marked and diffuse, involving 
LV free wall and/or VS; those pts were compared to 28 pts 
with mild, localized hypertrophy. Moderate-severe symp- 
toms were more common with diffuse, (38/46, 832%) than with 
localized hypertrophy (6/28, 21%; p<6.001). LV outflow 
obstruction was also more common with diffuse (29/46, 63%) 
than with localized hypertrophy (4/28, 14%, p<.001). 
Hence, 1) 2D echo shows a wide varfety of patterns and ad 
greater distribution of hypertrophy in pts with HCM than 
is appreciated by M-mode echo; 2) while hypertrophy is a- 
symmetric in these pts, it often involves the anterolate+ 
ral LV free wall and is not usually limited to VS; 3) fune= 
tional limitation and outflow obstruction are most common 
in those pts with marked diffuse hypertrophy (ie., with 
the greatest cardiac mass). 
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ABSTRACTS 


IS NONFAMILIAL ASYMMETRIC SEPTAL HYPERTROPHY A DIFFERENT 
HISTOLOGICAL DISORDER? 

John R. Darsee,MD, Steven Anton, MD, Candace L. Miklozek, 
‘MD, Ayten 0. Someren, MD. Emory University School of 
Medicine, Atlanta, Georgia 


Both clinical and HLA-tissue typing studies have demon- 
strated 2 different forms of hypertrophic cardiomyopathy 
(HCM): a familial (F) variety, and a non-familial (NF) 
form often found in a hypertensive (H) patient. Since 
myofiber disarray (MD) is the histological hallmark of 
the F form of HCM, we wished to determine whether the NF 
form is also characterized by MD. We studied 91 necropsy 
hearts, 60 from non-H patients, 28 from H patients, and 
3 with the NF form of HCM (who had detailed family stu- 
dies). Hearts were breadioafed from apex to base in 1 cm 
transverse sections. The thickness of each anterior and 
posterior septal border was compared to their respective 
free wall thicknesses. Sections from the 4 most basal 
sections were stained and a photographic blowup (1000) 
was prepared.. The areas of MD were measured by plani- 
metry and expressed as % of the total cross-sectional 
area of the section examined. Five of the 28 H hearts 

< bad asymmetric septal hypertrophy (ASH=septum: free wall 
< >4.913 {but ASH was absent in 22 Ist degree relatives) 
as did all 3 with the NF form of HCM, but none of the 
non-H hearts. All of the 8 hearts with ASH had <3% sep- 
tal or free wall area occupied by MD, compared to >50% 
reported in other studies of the F form of HCM. We 
conclude: 1) MD is not typically present in the NF form 
of HCM or in H hearts with ASH; and 2) the absence of 
significant MD is further evidence that at least 2 
clinically and histologically distinct forms of HCM 
exist. 


ADVANTAGES OF NITROPRUSSIDE INFUSION IN DIAGNOSIS AND 

ASSESSMENT OF OUTFLOW OBSTRUCTION IN IDIOPATHIC HYPER- 

TROPHIC SUBAORTIC STENOSIS: IMPROVED ACCURACY AND SAFETY 
” THAN AMYL NITRITE INHALATION 

James A. Joye, MD, FACC; Garrett Lee, MD; Douglas Warren, 

BS; Anthony N. DeMaria, MD, FACC; Dean T. Mason, MD, FACC, 

University of California, Davis, California. 





Pharmacologic maneuvers during cardiac catheterization are 
useful in establishing the diagnosis and severity of left 
ventricular outflow (LVO) obstruction in idiopathic hyper- 
trophic subaortic stenosis (HHSS). Since amyl nitrite 
inhalation may produce sudden profound vasodilation with 
marked hypotension and tachycardia, an alternative method 
was investigated using a progressively increasing dose in- 
fusion of intravenous nitroprusside (NP) 16-50 ug/min in 
nine THSS patients. NP increased peak systolic LVO tract 
gradient (LVOT grad) from 8 to 62 mm Hg (p<.001), de- 
creased mean arterial pressure 92 to 71 mm Hg (p<.001) 
without: significant changes in heart rate (78 bpm) or left 
‘ventricular. end-diastolic pressure (12 mm Hg). In 3 of 
these patients, amyl nitrite did not increase LVOT grad, 
whereas NP raised LVOT grad more than 50 mm Hg without 
adverse effects. Larger doses of NP were required for 
LVOT grad provocation in patients with little or no rest- 
ing gradient, and lower NP concentrations for patients 
with higher existing resting gradients. This study shows 
that NP ig a valuable pharmacologic maneuver in the clin- 
ical evaluation of idiopathic hypertrophic subaortic sten- 
osis. Furthermore, since nitroprusside administration is 
controlled by intravenous infusion, nitroprusside can be 
appropriately titrated to increase LVOT obstruction, 
thereby obviating untoward hemodynamic effects while 
affording greater diagnostic accuracy than amyl nitrite 
inhalation, 
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CORONARY SINUS RHYTHM IN DOGS: INDUCTION, RECORDING AND 
CHARACTERISTICS 

Rebert J, Hariman, MD, Marvin Cramer, MD, Robert E. 
Naylor, MD, Brian F. Eoffman, MD. Dept. of Pharmacology, 
Cellege of Physicians & Surgeons. Columbia University, 
New York, N. Y. 


To study coronary sinus (CS) rhythm in anesthetized dogs, 
we designed an elactrede catheter with ten terminals and 
a lumen. Unipolar electrograms were recorded through the 
catheter terminals, placed within and just outside of the 
C2, and an indifferent electrode on the superior vena 
cava at 100 npV/com and a time constant of 0.1 sec. We 
looked for extraceilular potential changes that might re~ 
sult from automatic impulse generation. Stable CS rhythm 
was induced in three dogs by excision of the sinus node 
and in five dogs Sy excision of «he sinus node and in- 
fusion of epinephrine (l ng/min) through the catheter in- 
to the CS. The prasence of CS rhythm was proven by a) 
recording of a slow negative diastolic slope followed by 
primary négativity from the CS ostium, and b) the ability 
to reproduce P wavas by pacing the CS ostium, identical 
te the spontaneous P waves in CS rhythm. Coronary sinus 
rhythm was characterized by: 1) a short PR interval with 
an invertéd, upright or biphasic P wave recorded through 
lead II of the elLectrecardiogram. 2) overdrive suppress- 
ion following rapid atrial pacing, 3) atrial slowing as~ 
sociated with a decrease in diastolic slope induced by 
vagal stimmlation, asd 4) no atrial slowing induced by 
an intravenous bolus of verapami: (10 mg). This study 
suggests that CS raythm is an auzomatic and “fast re~ 
sponse" dependent rhythm, which is modulated by the 
autonomic nervous system. 


DETERMINANTS OF STABILITY OF TACHYCARDIA IN AN EXPERI~ 
MENTAL MODEL 
Michael B. Simson, MD; Joseph F. Spear, PhD, FACC; E. 





Neil Moore, DVM, PhD, FACC; John A. Kastor, MD, Universi- 
ty of Pennsylvania, Philadelphia. Pa. 


The factors leading te spontaneous block and instability 
of a reentrant tachycardia were studied using both a com- 
puter model and 8 dogs having an electronically simulated 
bypass tract (RV*RA). The bypass tract delay was 
changed in programmed sequences while AV nodal refractor- 
iness was altered with verapamil: Stability of the by- 
pass tract tachycardia was assessed by noting how rapidly 
the cycle length changes resulting from a transient al- 
teration in the delay would. dampen out as well as the 
tendency of the bypass tract tachycardia te spontaneous 
block. There was close agreement between the computer 
model predictions: and experimental results. After a 
transient change in bypass delay. oscillations of cycle 
length were noted. The degree of dampening of the oscil- 
lations was related te the slope of the AV nedal refrac- 
tery curvé (A-H versus A-A}. When the bypass tract tach- 
ycardia operated on a steep (slope ¢-1) portion of the 
refractory curve, spontaneous oscillations and block : 
occurred. Bypass tract tachycardias terminated spontan- 
eously either with an increase in oscillations or from a 
cumulative effect. of increased AV nodal refractoriness. 
Conclusions: For stability reentrant arrhythmias must be 
able to dampen transient perturbations. Reentrant tach- 
yeardias are unstable if they contain conducting segments 
with steep refractory curves. 
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FUNCTIONAL PROPERTIES OF REENTRANT CIRCUITS DEDUCED FROM 
“DIRECT MYOCARDIAL RECORDING DURING SUSTAINED VENTRICULAR 
TACHYCARDIA 


Glenn Kabell, PhD; Benjamin J. Scherlag, PhD, FACC; Lura 
Harrison, PhD; Ronald R. Hope, MD, FACC; Ralph Lazzara, 
MD, FACC, Veterans Adm. and University Hospitals, 

> University of Oklahoma, Oklahoma City, Oklahoma 


We used composite electrodes to record regular patterns of 
electrical activity (RPEA) which bridge diastole during 
sustained ventricular tachycardia {VT} in dogs. Twenty- 
three anesthetized dogs were studied 24 cr 96 hours after 
ligation of the left anterior descending coronary artery. 
ECG, leads II and aVR, His bundle electrograms and compos- 
ite electrograms from the epicardium overlying the infarct 
zone. {IZ} and normal zone (NZ) were recorded. In some 
cases electrode catheter recordings from- the IZ on the en- 
docardium were also made. Atrial pacing or ventricular 
pacing induced sustained VT in 19 dogs. The RPEA during 
diastole was divided into temporal compartments: 1) an in- 
itial portion or time of entrance of the impulse into the 
12; 2) a mid-diastolic portion (MDP) or time of slow con- 
duction in the reentrant pathway; 3) terminal portion or 
exit or impulse into the NZ. Using these criteria we 
could. explain: The spontaneous termination of VT due to 
Wenckebach-type delay in the exit; inability of pacing to 
dnitiate VT because the impulse engaged an inappropriate 
entrance; 2:1 and 3:1 patterns in the MDP with constant 
entrance and exit during VT; the occurrence of Torsade de 
: Pointe caused by the transfer of the exit, e.g., from an 
epicardial to an endocardial site; localization of anti- 
< arrhythmic action of procaineamide to the MDP with aboli- 
“tion of VT; alteration in ORS morphology associated with 
Changes in exit configuration. Deductive analysis of RPEA 
provides new insights into functional properties of reen- 
trant circuits, their relation to the ECG and effects of 
“pharmacologic agents. 


THE COMPOSITE CARDIAC ELECTROGRAM: FACT OR ARTIFACT? 

E. Neil Moore, DVM, PhD, FACC; Joseph F. Spear, PhD, PACC; 
Michael B. Simson, MD; Eric L. Michelson, MD, University 
of Pennsylvania, Philadelphia, Pa. 





The composite cardiac electrogram (CCE) is the electrical 
signal generated when multiple electrodes are connected 
to the input of a single amplifier. It has been suggested 
that the CCE reflects the overall activation time of the 
area within which the electrodes are localized. The pres- 
ent experiments demonstrate the limitations of the stan- 
dard method of recording the CCE. The CCE was compared 
with the summated signal generated using a custom-built 
analog summation amplifier system (ASAS). In this system 
8 individual bipolar cardiac electrograms are recorded 
and the output of each differential amplifier summed to 
provide a single analog signal. The ASAS signal was com- 
pared and contrasted when a) each of the 8 individual 
amplifiers had identical gains; b) when the gain of each 
amplifier was optimized for best visualization of each 
bipolar electrogram; c} when the polarity of a single 
electrode pair was reversed ang d) when amplifier filter 
settings were altered. The standard CCE and the signal 
from the ASAS with each amplifier having identical gain 
often resulted in a poor estimation of the overall dura- 
tion of activation. The degree of fractionation and con- 
tinuous activity recorded in the CCE or in the ASAS sig- 
nal could be exaggerated or minimized by electrode inter- 
connections. When the bipolar electrogram of each elec- 
trode pair was individually optimized then the ASAS sig- 
nal gave a reasonable indication of overall cardiac acti- 
-Wation. In summary, the composite cardiac electrogram as 
“usually recorded is an unreliable indicator of the dura- 
tion of cardiac activation. 


ABSTRACTS 


DISSOCIATION OF CORONARY ARTERY LIGATION ARRHYTHMIAS AND 
THE FRACTIONATION OF LOCAL ELECTROGRAMS 

C. William Balke, BA; Eleiser Kaplinsky, MD, FACC; 

Eric L. Michelson, MD; Masahito Naito, MD; and Leonard S. 
Dreifus, MD, FACC; Jefferson Medical College, Phila., PA 
It has been suggested that the degree of fractionation 
(DF) of local electrograms after experimental acute coron- 
ary artery ligation (CAL) is important to the occurrence 
of malignant ventricular arrhythmias (VA) (> 5 ectopic 
beats/min (VE), ventricular tachycardia (VT), or ventri- 
cular fibrillation (VF)). In order to evaluate this hypo- 
thesis, a total of 21 dogs underwent one-stage complete 
CAL of the proximal left anterior descending coronary ar- 
tery followed by release after 5 min in 10 dogs and after 
10 min in li dogs. Dogs were allowed to recover 1 hour be- 
tween each of 3 identical CALs. The DF was defined as the 
total duration of ventricular. activity (normal 15-30 msec) 
recorded via local intramural plunge electrodes within the 
distribution of occluded vessels. DF was consistent for 
each of the 3 CAL periods for both 5 min and 10 min CALs 
in 16/21(76%) dogs and was consistent for 2 of 3 CAL per- 
iods in the remaining 5/21 (24%) dogs. 














Maximum DF No VA VE] VF 

Mild (< 50 msec) 12740 | 1740 
= s 304 26 
Moderate (> 50-100 msec 3/19 
N19 CAL periods 15% 
Severe (> 100 msec) 0/4 
N=4 CAL periods 75% 75% ož 





Conclusions: 1) Although VA were more commonly associated 
with moderate or severe DF, this was not consistent, and 
even marked DF could not predict the occurrence of VF. 2) 
The inconsistent association of DF with the incidence 

and severity of VA during CAL suggests that the mechanism 
of CAL-VA cannot be explained solely by electrophysio- 
logic mechanisms dependent on DF. 


SUSTAINED VENTRICULAR TACHYCARDIA: ANATOMIC OR FUNCTIONAL 
BASIS? 


Benjamin J. Sener lag, Fap, FACC; Glenn Kabell, PhD; Lura 
Harrison, 3 Ronald R. Hope, » FACC; Ralph Lazzara, 
MD, FACC, Veterans Adm. and University Hospitals, 
University of Oklahoma, Oklahoma City, Oklahoma 


Recent studies have associated sustained ventricular tach- 
ycardia (VT) and anatomic findings of patches of infarc- 
tion (I) within normal myocardium (Karagueuzian et al. 
Circ Res 44: 833, 1979). ECG leads and electrograms from 
the His bundle, epicardial and intramural areas of the 
left ventricle were recorded in 31 open~chest anesthetized 
dogs. Ten dogs with no infarction were studied with ven- 
tricular pacing (VP) at 300-360 min. In 1 of 4 normal 
dogs, sustained VT was induced after intoxication with 
procaineamide, 80 mg/kg. In 4 of 6, prior to ischemia, VP 
failed to induce repetitive ventricular responses, whereas 
after 30 min of LAD occlusion and 10-15 min of stable rhy- 
thm following reperfusion, VP induced sustained VT. Twen- 
ty-one dogs were studied 4 days after permanent LAD occlu~ 
sion; 10 were untreated and 11 were given 30 mg/kg methyl- 
prednisolone prior to LAD tie. In the untreated group 
only 2 of 10 showed sustained VT induced by VP whereas 9 
of 11 showed sustained VT in the treated group (3 dogs: 
showed spontaneous VT). Sections of myocardium were 
stained with nitroblue tetrazolium and in both the treated 
and untreated dogs a viable rim overlying a thicker area 
of I was found. In both infarcted and non-~infarcted 
hearts, sustained VT was associated with regular patterns 
of electrical activity bridging diastole in each cardiac 
cycle during VT. Thus functional alterations induced by 
ischemia, infarction or drugs, not the presence of the I 
alone, seem to be the basis of sustained VT. These func- 
tional changes are manifest as regular patterns of slow 
conduction recorded during the diastolic intervals of 
sustained VT. 
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ABSTRACTS 


LOCALIZATION. OF PACING SITES WITHIN INFARCTS BY 
EPICARDIAL MAPPING 


Lura Harrison, PhD; Raymond E. Ideker, MD, PhD; William M. 
Smith, PhD; Warren M. Smith, MB, ChB, FRACP; Jackie Kdsell, 
Duke University Medical Center, Durham, N.C. 


To improve criteria for identifying an arrhythmogenic region 
from epicardial maps, we examined the relationship between 
the sites of epicardial breakthrough during pacing and the 
locatien of the pacing site within an infarct. Infarction was 
produced in 5 dogs by LAD occlusion. Epicardial maps were 
obtained a week later from 50 epicardial electrodes by a 
computerized system for data acquisition and display. During 
sinus rhythm earliest left ventricular epicardial excitation 
appeared at a single region apico-laterally to the infarct. Each 
dog was then paced from 3-5 sites subjacent to the infarct. 
During pacing from each location, multiple (mean=3) sites of 
left ventricular epicardial breakthrough (defined as activation 
of one electrode earlier thar. ali adjacent electrodes) occurred 
>- ground the infarct. The earliest site of breakthrough during 
= pacing yielded an estimate of the location of stimulation 
ranging 0.6-5.3 (mean=2.9) cm from the actual pacing site. In 
12 of the 19 cases of pacing, earliest left ventricular break- 
through was at the same -apico-lateral site as during sinus 
rhythm. When the second earliest site of breakthrough was 
used for these 12 cases, the estimate of the site of stimulation 
for ali 19 cases ranged 0.5-2.6 (mean=1.5) cm from the pacing 
site.. Purkinje spikes recorded from plunge electrodes within 
the infarct always preceded breakthrough during both sinus 
rhythm and pacing. We conclude that 1) subendocardial 
conduction within an infarct occurs. along Purkinje pathways, 2) 
effects of this conduction are seen in sinus rhythm maps, and 3) 
subtraction of these effects improves localization of ectopic 
foci from epicardial maps. 


TORSADE DE POINTES: ELECTROPHYSIOLOGY ATYPICAL 
VENTRICULAR TACHYCARDIA 

Nguyen Nhon, MD; Ronald R. Hope, MD, FACC; Glenn 
Kabell, PhD; Benjamin J. $cherlag, PhD, FACC; Ralph 
Lazzara, MD, FACC; Veterans Adm. Medical Center and 
University Hospital, University of Oklahoma, Oklahoma 
city, OK 


Ventricular tachycardia (VT) was studied in 60 dogs 1-5 

days after myocardial infarction (MI) due to left 

anterior coronary artery ligation. In addition to the 

standard ECG, composite and electrode catheters 

recorded epicardial (epi) and endocardial (endo) poten- 

tials from the infarct zone (1Z). Two or more stimuli 

with a constant interval between stimuli (180-225 msec) 

were delivered during normal sinus rhythm to the right 

’. ventricular outflow tract. Regular VI was initiated 

<> in 51-of 60 dogs (85%) and showed uniform QRS morphology 
with regular patterns of continuous electrical activity 

in epi (95%) and endo (5%) recordings. Atypical VT or 

torsade de pointes was seen in 38 of 60 dogs (632) 

and was characterized by cyclical changes in QRS 

morplology. In 60% of degs, showing only regular VT, 

tersade de pointes was induced after giving 

procaineamide 5-80 mg/kg or lidocaine 2-8 mg/kg. During 

torsade de pointes, IZ electrograms showed changing 

patterns of continuous activity in the epi alone, 

endo alone, or alternating between epi and endo recor- 

dings. In all cases, analysis of electrograms 

revealed evidence of a reentrant mechanism. Changes 

in the reentrant pathways were seen prior to changes 

in QRS morphology and distinguished torsade de pointes 

from regular VT. 


INITIATION OF SUSTAINED VENTRICULAR TACHYARRHYTHMIAS IN 

A MODEL OF CHRONIC INFARCTION: IMPORTANCE OF THE SITE OF 
STIMULATION. 

Eric L. Michelson, MB; Joseph F. Spear, PhD, FACC; 

E. Neil Moore, DVM, PhB, FACC; University of Pennsylvania 
and Lankenau Hospital, Philadelphia, Pennsylvania 


In a recently developed canine model of chronic infarc- 
tion sustained ventricular tachyarrhythmias (VT) can be 
reproducibly initiated using routine methods of pro- 
grammed electrical stimulation (PES). We evaluated the 
importance of the site of stimulation to the initiation 

of ventricular arrhythmias at 5 ts 18 sites in 19 dogs 
during ventricular drive pacing at a cycle length of 300 
msec, using unipolar cathodal stimulation at twice dia- 
stolic excitability threshold via intramural plunge 
electrodes. Ail 19 dogs had inducible sustained VT, vs 
0/5 sham-operated controls. Initiation of VT by PES 
suggested a reentrant mechanism. In individual dogs there 
were marked disparities in ease of ‘inducibility (ie., 
number of ventricular extrastimuli (VES) required for ini- 
tiation). In 6 dogs, single VES from normal sites in 
close proximity (eg., < 1 cm) to areas of infarction often 
induced VT whereas even 3 VES from normal sites only 2 cm 
distant. did not. Within-areas of infarction there were 
marked disparities in sase of inducibility at sites.only 
1-2 mm distant. In addition, transvenous endocardial 
catheter techniques (9 dogs) often failed (4 dogs) to in- 
duce VT in close proximity to sites where VT was initi- 
ated using plunge electrodes. The reprodutible initiation 
of more than 3 beats of VT from any one. site was a*reli~ 
able indication of the susceptibility to inducible sus- 
tained VT when sufficient sites were evaluated. Thus the 
importance of the site of stimulation must be considered 
when PES is applied to the study of ventricular tachy- 
arrhythmias. 


MECHANISMS OF BRADYCARDIA-DEPENDENT ARRHYTHMIAS IN ACUTE 
MYOCARDIAL ISCHEMIA 


Benjamin J. Scherlag, PhD, FACC; Glenn Kabell, PhD; Lura 
Harrison, PhD, Ronald R. Hope, MD, FACC, Ralph Lazzara, 
MD, FACC, Veterans Administration and University Hospitals, 
University of Oklahoma, Oklahoma City, Oklahoma ` : 


Bradycardia has been critically implicated in lethal ven- 
tricular arrhythmias (VA) during the early phases of myo- 
cardial infarction. In 18 anesthetized dogs the left an- 
terior descending (LAD) coronary artery was ligated. ECG 
leads: and electrograms from the Eis bundle, endocardium, 
epicardium and intramural zones were recorded «in open- 
chest preparations. Within’ 15 min after’ LAD Ligation, 15 
dogs showed varying degrees of fractionation (Fr) and de- 
lay (D) in epicardial or intramural electrograms: which 
preceded the onset of VA. Slowing of the heart rate (40- 
90/min) by vagal stimulation reduced Fr, D and VA. In 
contrast, 30 min to 3 hours after LAD ligatioń slowing of 
the heart rate (60-90/min) caused ventricular.ectopic ` 
beats (VEB) which were coupled tc the initial beat. Brady- 
cardia (30-45 min) induced VA (2 dogs) sustained ventri- 
cular tachycardia {2 dogs) and ventricular fiprillation ` 
(2 dogs). In all instances of VA, electrical activation 
bridging the diastolic intervals between the+sinus beats 
and VEB or between successive VEE were obseryed in either 
or both epicardial or intramural zene electrograms, We 
conclude that in ischemic nyocarcium, in.which Fr and B 
have stabilized, bradycardia may exacerbate Fr and D thus 
provoking VEB or lethal ventricular tachycardia and fib- 
rillation. The association of these lethal VA with 
bridging electrical activity between sinus: beats and VEB 
suggests that reentry is the causative mechanism. Al- 
though bradycardia inhibits. VA in the first few minutes 
of ischemia, in the first few hours it may provoke sudden 
death by inducing lethal VA. ` va 
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“THE EFFECT. OF CATECHOLAMINES RELEASED BY TRAINS OF PULSES 
; ON VENTRICULAR VULNERABILITY TO FIBRILLATION 

David- E. Euler, Ph.D.; Walter C. Randall, Ph.D., FACC, 
“Loyola University Medical Center, Maywood, Illinois 


The ventricular fibrillation threshold (VFT) fer a train 
of pulses is consistently less than the VFT for a single 
pulse. To determine if local catecholamine release might 
be one of the factors involved, VFTs were measured in 8 
-autonomically decentralized dogs. During atrial pacing 
-elther a train of 14 pulses (4 msec, 100 Hz, bipolar) or 
-a single pulse (10 msec) was applied to either the right 
ORV) or left ventricle (LV) during the vulnerable period 
„Of every 15th paced cycle. Under. control conditions. the 
mean values (mA + SE} for trains were: RY, 7.0 + .9; LV, 
14,4 41.6. Single pulses required a significantly 
greater amount. of current (p<0.01). Following beta- 
„adrenergic blockade with propranolol (.5 mg/kg), the rel- 
ative changes. (Z increase + SE) in the train VFTs were: 
RV, 225-431; LV, 193.4 26. -The changes in single pulse 
< VETS were significantly. less: RV; 32 + 11; LV, 29 + 6 
(p<0.01).. In another 8 dogs, subjected to chronic car- 
“diac denervation, the absolute VFTs for trains were: RV, 
TIB 6t li6omA; LV, 34.5:+ 3,6 mA, These VFTs were not 
-different from the train VFTs of the beta-blocked, inner- 
“vated hearts (p>0.05),. Furthermore, the VFTs cf the 
chronically denervated hearts were not altered by pro- 
ranolol (p>0:05). In the control. dogs, a strain gauge 
rch attached close to the stimulation site showed a 
marked augmentation of local contractile force during the 
livery of a series of pulse trains. The positive 
-dnotropic responses were eliminated by either propranolol 
or chronic cardiac denervation. -The data indicate that 
_ trains of pulses release local stores of catecholamines 
which exert a profound influence on ‘the amount of current 
ry for a train to evoke fibrillation. 






















ABSTRACTS 


DEVELOPMENTAL SYMPATHETIC EFFECTS. ON VULNERABILITY TO 
VENTRICULAR FIBRILLATION IN PUPPIES i 


Fany A. Kralios, M.D.; C. Kay Millar, M.D.; 
University of Utah, Salt Lake City, Utah 


To investigate the effect of previously shown asymmetrical 
development of cardiac sympathetic nerves (CSNs) on vul~ 
nerability to fibrillation, 43 puppies of 6 age groups 

1-6 weeks were studied. Ventricular fibrillation thresh- 
old (VFT) determinations were obtained in the control 
state and during stimulation of CSNs, using the single 


pulse scanning technique, Compared to the control values, 2a o 


left stellate ganglion (SG). stimulation raised VFT lin- `- 
early from. 0:9-+-0,7mA in-the first week to 5.6 + 2.7mA 
in the sixth (AVFTmA = 0.6 + 0.9l-week; r = 0.95, 
p<0,01). Right SG- stimulation increased VFT more than 
the left in the first week (3.0 4 1.1mA) but effects did 
not. increase during subsequent weeks (3.25°+ 1.9mA) in 
the sixth. In contrast, stimulation of the more regional- 
ly distributed left ventrolateral nerve changed VFT com- 
pared to the control: values, linearly from -1;0 + 0.4mA 
in the. first week to -3.94°2.3mA in the sixth (AVE TmA = 
-0.34 ~.0.62-week, r= -0.98, p<0.02). Other regionally 
distributed distal CSNs- had no consistent effect in any 
week, Findings suggest that sympathetic effect on vul- 
nerability to fibrillation during the first week is min+ 
imal, but progressively increases through the sixth. 
This is probably due to the poor functional development 
of CSNs at birth.and their subsequent maturation. The 
opposite arrhythmiogenic effects of SG and distal CSN 
stimulation may be due to more diffuse distribution of 
the SG which may have a more homogeneous effect on re~ 
covery properties than that of the more regionally dis~ 
tributed ventrolateral nerve. 
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: pericardial from pleurai effusions, 401 
-Aortic dissection 
_ Long-term survival for 184 patients with 
treated aortic dissection, 489 





Aortic insufficiency 
Afterload reduction therapy for chronic 
severe aortic insufficiency: beneficial 
effects during rest and exercise, 441 
importance of pre-operative wall stress in 
predicting regression of left ventricular 
dilatation in chronic aortic 
insufficiency, 476 
Late survival after vaive replacement for 
severe isolated aortic incompetence, 
440 
Mechanism of improved cardiac 
performance with afterload reduction in 
aortic insufficiency, 410 
Aortic regurgitation 
Systolic and diastolic left ventricular 
function in patients with aortic 
regurgitation before and after 
bioprosthetic valve replacement, 441 
Aortic root 
Early detection of aortic root 
abnormalities in ankylosing spondylitis 
by two-dimensional echocardiography, 
441 
Aortic stenosis 
Doppler cardiographic assessment of 
severity of aortic and mitral valve 
stenosis, 437 
Extended result after operation for 
congenital aortic stenosis, 449 
Failure of diastolic abnormalities to 
regress after correction of aortic 
stenosis: a case for earlier operation? 
487 
Hemodynamic results of repeat 
valvulotomy for aortic stenosis in 
children, 449 
Natural history of unoperated aortic 
stenosis: hemodynamic progression, 
440 
Selection criteria for echocardiographic 
assessment of left ventricular pressure 
and peak gradient in patients with 
valvular aortic stenosis, 471 
Aprindine 
Management of refractory ventricular 
tachycardia with aprindine, 445 
Prediction of effects of oral aprindine 
utilizing intravenous aprindine, 451 
Amhythmias 
See also specific type 
Abbreviated rapid onset exercise stress 
testing for the exposure of ventricular 
arrhythmia, 420 
Abolition of ventricular arrhythmias during 
chronic oral therapy with encainide in 
man, 451 
Atrial enlargement can cause arrhythmias 
without altering transmembrane 
potentials, 426 
Cardiac rhythm after the Mustard 
operation for transposition of the great 
arteries, 430 
Cardiac rhythm in sudden infant death 
syndrome, 431 
Comparative effects of verapamil and 
nifedipine on reactive hyperemia, and 
ventricular arrhythmias during coronary 
artery reperfusion, 461 
Dissociation of coronary artery ligation 
arrhythmias and the fractionation of 
local electrograms, 493 
Hospital recurrence of ventricular 
fibrillation in acute ischaemic heart 
disease, 462 
Hypertrophic cardiomyopathy and 
ventricular pre-excitation, 491 
initiation of sustained ventricular 
tachyarrhythmias in a model of chronic 
infarction: importance of the site of 
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stimulation, 494 

Lethal late consequences of smali 
infarcts, 460 

Mechanisms of bradycardia-dependent 
arrhythmias in acute myocardial 
ischemia, 494 

Mitral regurgitation in mitral valve 
prolapse: detection by pulsed Doppler 
echocardiography versus angiography 
and cardiac auscultation. Correlation 
with cardiac arrhythmias by ambulatory 
monitoring, 442 

Protective effect of aspirin following 
acute coronary artery occlusion, 424 

Reperfusion arrhythmias: differential 
effect of lidocaine on reentry and 
enhanced automaticity, 474 

Repetitive ventricular responses in 
patients with life-threatening ventricular 
arrhythmias, 406 

Severe ventricular arrhythmias in patients 
late after aortic valve replacement, 
441 

Torsade de pointes: electrophysiology 
atypical ventricular tachycardia, 494 

Ventricular arrhythmias and ventricular 
fibrillation in acute myocardia! 
infarction, 462 


Arterlography 


See Angiocardiography 


Aspirin 


Modification of platelet function by aspirin 
and dipyridamole across the 
myocardial vascular bed in coronary 
disease patients, 424 

Protective effect of aspirin following 
acute coronary artery occlusion, 424 


Atherosclerosis 


Responsiveness of atherosclerotic rabbit 
aorta to adrenergic and cholinergic 
stimulation, 454 


Athletes 


Left ventricular function at rest and during 
exercise in marathon runners, 431 

Sudden death while running in 
conditioned runners: coronary disease 
is the culprit, 423 


Atria 


Atrial enlargement can cause arrhythmias 
without altering transmembrane 
potentials, 426 

Electrophysiology of right atrial 
hypertrophy in children, 426 


Atrial flutter-tibrillation 


Control. of ventricular rate in paroxysmal 
supraventricular tachycardia and atrial 
flutter-fibrillation with intravenous 
verapamit: a double blind randomized 
crossover study, 452 


Atrial septal defect 


Decreased shunt flow in acute ventricular 
septal defect using 
15-methyl-prostaglandin Foe as a 
pulmonary constrictor, 462 

Evaluation of right heart function in adults 
with atrial septal defect using gated 
cardiac blood poo! scanning, 409 


Atrioventricular canal defects 


Axial angiography in atrioventricular canal 
malformations: 
anatomical-anglographic study, 428 


Atrioventricular node 


Atrio-ventricular nodal “memory” studied 
by random atrial stimulation, 459 


Atrium, left 


Cor triatriatum (subdivided left atrium} 
anatomy, hemodynamics, surgery, and 
late followup of twenty-one patients, 
450 
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Atrium, right 
Evaluation of-right heart function in adults 
with atrial septal defect using gated 
cardiac blood pooi scanning, 409 
Beta adrenergic blocking agents 
Do beta blocking agents prevent the 
more rapid onset of effort angina 
during the postprandial state? 438 
Pulmonary effects of a ‘‘cardioselective” 
beta blocker, 437 
Bifascicular block 
Significance of H-V interval in 515 
patients with chronic bifascicular 
block, 405 
: Blalock-Taussig shunt 
Use of carotid artery flow (CAF) patterns 
as assessed by Doppler 
ultrasonography for the noninvasive 
evaluation of Blalock-Taussig shunt 
; {BTS} patency, 429 
Blood flow 
Assessment.of left ventricular function by 
determination of maximum 
acceleration of blood flow in the aorta 
using continuous Doppler ultrasound, 
398 
Effects of digoxin on ieft ventricular 
performance and myocardial blood 
flow distribution during isometric 
exercise in coronary disease, 432 
First derivative of diastolic aortic root 
motion as a measure of transmitral 
flow, 436 
Quantitation of regional myocardial blood 
flow by positron emission tomography, 
465 
Selective vulnerability of the papillary 
muscles to sequential blood flow 
changes induced by isoproterenol, 477 
Use of carotid artery flow (CAF) patterns 
as assessed by Doppler 
ultrasonography for the noninvasive 
evaluation of Blalock-Taussig shunt 
(BTS) patency, 429 
Blood flow, coronary 
Atrial hyperemia and ischemia during 
acute mitral regurgitation, 477 
Coronary critical closing pressure during 
control and maximal vasodilation, 477 
Effect of coronary blood flow and site of 
injection on 8°”Tc-PYP detection of 
early canine myocardial infarcts, 464 
Effects of intra-aortic balloon pumping on 
regional and total coronary flow in 
patients with coronary disease, 395 
Increased levels of thromboxane Ap in 
peripheral and coronary circulation in 
patients. with angina pectoris. 454 
Relation of treadmill exercise results to 
fiow-limitation and pertusion-size of the 
affected coronary artery, 469 
Relationship of coronary flow to Ti-201 
redistribution, 480 
Blood platelets 
identification of left ventricular thrombi in 
humans using Indium-111 labelled 
autologous platelets, 463 
increased platelet prostaglandin 
generation and abnormal platelet 
sensitivity to prostacyclin and 
thromboxane Ao in angina pectoris, 
454 
- Modification of platelet function by aspirin 
and dipyridamole across the 
myocardial vascular bed in coronary 
disease patients, 424 
Physical conditioning reduces 
epinephrine-induced platelet 


aggregation following myocardial 
infarction, 425 
Quantitation of platelet deposition in 
Gore-Tex femoral artery implants in the 
canine model and its reduction with 
dipyridamole and prostacyclin, 424 
Blood pool scanning 
Determination of absolute left ventricular 
volume from gated blood pool imaging 
with an attenuation corrected count 
rate method, 407 
Evaluation of right heart function in adults 
with atrial septal defect using gated 
cardiac blood peol scanning, 409 
Multiple gated bloodpooi cardiac scan 
(MUGA) during right atrial pacing (RAP): 
a sensitive method to detect 
myocardial ischemia, 468 
Viewer specified projection: a new 
method of computer display of LAO 
acquired gated blood poo! data in any 
projection desired, 407 
Blood pressure 
See also Hypertension; Hypotension 
Time course study of blood pressure in 
children after three years—Bogalusa 
Heart Study, 446 
Verification of physician assessment of 
antihypertensive therapy by ambulatory 
blood pressure recording, 490 
Blood pressure, coronary 
Coronary critical closing pressure during 
control and maximal vasodilation, 477 
Blood pressure monitoring 
Use of ambulatory bloed pressure 
monitoring in the evaluation of patients 
with borderline hypertension, 446 
Bogalusa Heart Study 
- Time course study of blood pressure in 
children after three years—-Bogalusa 
Heart Study, 446 
Brain 
Digoxin-quinidine interaction: increased 
digoxin brain concentration, 453 
Bretyiium tosylate 
Kinetics of antiarrhythmic effects of 
bretylium: correlation with myocardial 
drug concentrations. 474 
Bundle branch block 
Significance of H-V interval in 515 
patients with chronic bifascicular 
block, 405 
Calcification 
Predictive accuracy of coronary artery 
calcification anc positive exercise test 
in asymptomatic non-hyperlipidemic 
men for coronary artery disease, 400 
Caicium 
Effect of antihypertensive therapy on 
calcium transport by cardiac 
sarcoplasmic reticulum of 
spontaneously hypertensive rats 
{SHRs), 490 
Captopril 
Oral captopril in ambulatory management 
of severe congestive heart failure: 
sustained beneficial effects on 
ventricular function with 6 months 
therapy shown by cardiac 
catheterization, nuclear scintigraphy, 
echography, treadmill exercise and 
symptomatology. 411 
Carbon dixoide 
Significance of the late fall in myocardial 
pCO>2 following acute coronary 
occlusion, 416 
Cardiac arrest 
Electrophysiologic findings in patients 
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suffering cardiac arrests, 406 
Cardiac. catheterization 
New ultrasound technique for assessment 
of femoral vascular anatomy before 
and after cardiac catheterization (CC) 
in children and infants, 466 
Cardiac conduction 
Characteristic alteration of the retrograde 
atrial activation sequence in patients 
with dual atrioventricular nodal 
pathway conduction, 404 
Differential effect of verapamil in overt 
and concealed WPW syndrome: new 
evidence from intracardiac recordings, 
453 
Dual atrioventricular nodal pathway 
conduction—a common 
electrophysiological phenomenon in 
children. without arrhythmias, 430 
Effect of lidocaine on the rate of 
atrioventricular junctional escape 
pacemakers, 451 
Effects of hyperkalemia cn sinus node 
function: sino-ventricular conduction 
and sino-atrial reentry, 425 
Hereditary progressive cardiac conduction 
and muscle disease: clinical staging, 
396 
Lethal late consequences of small 
infarcts, 460 
Localization of pacing sites within infarcts 
by epicardial mapping, 494 
Mechanisms of termination of aberrant 
conduction due to retrograde 
concealed penetration of the bundle 
branches during circus movement 
tachycardia. utilizing an accessory 
pathway, 405 
Reperfusion arrhythmias: differential 
etfect of lidocaine on reentry and 
enhanced automaticity, 474 
Role of elevated extracellular Kt activity 
in conduction slowing during acute 
myocardial ischemia, 460 
Vantricular refractoriness at twice 
diastolic excitability threshold: an 
unpredictable source of variability, 427 
Cardiac. output 
Cardiac output during ventricular 
fibrillation in the coughing dog, 445 
Cardiac transpiants 
Non-invasive monitoring of cardiac 
transplants, 410 
Cardiomyopathy 
Congestive cardiomyopathy patients as 
heart-transplant recipients, 488 
Diagnosis.of Chagas cardiomyopathy by 
thallium 201 perfusion imaging, 396 
Effect of verapamil on left ventricular 
relaxation and filling in hypertrophic 
cardiomyopathy, 393 
Hereditary progressive cardiac conduction 
and muscle disease: clinical staging, 
396 
Hypertrophic cardiomyopathy and 
ventricular pre-excitation, 491 
Hypertrophic obstructive 
cardiomyopathy——- 19-year postsurgical 
survivership, 489 
importance of -teft ventricular filling in 
differentiating constrictive pericarditis 
vs. restrictive cardiomyopathy, 475 
is nonfamilial asymmetric septal 
hypertrophy a different histological 
disorder? 492 
Patterns and significance of the 
distribution of left ventricular 
hypertrophy in a large population of 


patients with hypertrophic 
Cardiomyopathy: a wide-angle 
two-dimensional echocardiographic 
study, 491 
Carotid artery 
Use of carotid artery flow (CAF) patterns 
as assessed by Deppler 
ultrasonography for the noninvasive 
evaluation of Blalock-Taussig shunt 
(BTS) patency, 429 
Catecholamines 
Effect of catecholamines released by 
trains of pulses on ventricular 
vulnerability to fibrillation, 495 
Cells 
Conditions for liposome uptake by 
myocardial cells, 414 
Chagas’ disease 
Diagnosis of Chagas cardiomyopathy by 
thallium 201 perfusion imaging, 396 
Chest pain 
See also Angina pectoris 
Follow-up of patients with chest pain and 
normal coronary arteriography, 447 
Relief of chest pain and reduction of 
Q-wave evolution in acute myocardial 
infarction by large dose sublingual 
. Hitroglycerin, 483 
Cholesterol 
= Angiographic correlation of coronary 
: artery disease with high density 
lipoprotein. cholesterol in asymptomatic 
men, 447 
oo Cigarettes, coffee, and other. associations 
-with HDL cholesterol in the general 
‘population, 447 
Total cholesterol/high density lipoprotein 
ratio correlates with the presence but 
not severity of coronary artery disease, 
447 
Cholinergic. blockade 
Evidence supporting a direct cholinergic 
effect on ventricular muscle refractory 
period in man, 473 
Cigarettes 
Cigarettes, coffee, and-other associations 
with HDL cholesterol in the general 
population, 447 
Cineangiography 
See Angiocardiography 
Coarctation of aorta 
Management of the infant with 
coarctation of the aorta and ventricular 
septal defect, 450 
Coffee 
Cigarettes, coffee, and other associations 
with HDL cholesterol in the general 
population, 447 
Collagen 
Alterations in collagen of porcine. valve 
heterografts in place from 3 to 94 
months: the cause of leaflet calcific 
deposits and of perforations and tears, 
487 
Concordance between mitral valve 
prolapse and abnormal. collagen 
synthesis in phenotypically expressed 
and occult Ehlers Danios syndrome, 
442 
Computers 
Computer. analysis of thallium-201 
myocardial perfusion scintigraphy: 
circurnferential mapping, 484 
Computerized analysis of biplane left 
ventriculography: intra-method variation 
invthe ability to identify and quantify 
regional wall motion abnormalities, 397 
Computerized image processing in 


cross-sectional echocardiography, 403 
Multiple gated acquisition thallium 
scintigrams with computer 
enhancement: improved sensitivity in 
asymptomatic men with abnormal 
treadmill tests, 463 
Viewer specified projection: a new 
method of computer display of LAO 
acquired gated blood poo! data in any 
projection desired, 407 
Congenital disease 
Mitral valve prolapse: possible 
manifestation of a congenital 
neuro-ecto-mesodermal histodysplasia, 
443 
Congenital heart defects 
Axial angiography in atrioventricular canal 
malformations: 
anatomical-angiographic study, 428 
Cardiac rhythm after the Mustard 
operation for transposition of the great 
arteries, 430 
Comprehensive assessment of 
atrio-ventricular valve morphology in 
single veniricle, 428 
Cor triatriatum (subdivided teft atrium) 
anatomy, hemodynamics, surgery, and 
late followup of twenty-one patients, 
450 
Electrophysiclogic consequences of 
Mustard repair of transposition of the 
great arteries, 430 
Extended result after operation for 
congenital aortic stenosis, 449 
Factors affecting real-time 
cross-sectional (2D) echocardiographic 
(ECHO) imaging of ventricular septal 
defects (VSD), 467 
Hemodynamic results of repeat 
vaivulotomy for aortic stenosis in 
children, 449 
Intraatrial repair of transposition of the 
great arteries in infancy, eariy and late 
results, 448 
Management of the infant with 
coarctation of the aorta and ventricular 
septal defect, 450 
Pulmonary vascular bed (PVB) in patients 
with tetralogy of fallot (TOF) with. or 
without pulmonary atresia, 429 
Recurrent tachycardia associated with 
Ebstein's anomaly, 405 
Right ventricular growth in pulmonary 
atresia with intact ventricular septum, 
448 
Systemic ventricular function in patients 
with congenital heart disease repaired 
during infancy, 468 
Transposition of the great vessels. with 
ventricular septal defect: long term 
surgical results, 448 
Truncus arteriosus with pulmonary 
vascular obstructive disease—medical 
vs surgical management, 450 
Two dimensional echocardiographic 
features of corrected transposition, 
466 
Use of carotid artery flow (CAF) patterns 
as assessed by Doppler 
ultrasonography for the noninvasive 
evaluation of Blalock-Taussig shunt 
{BTS} patency, 429 
Congestive heart failure 
Activation of vasoconstrictor mechanisms 
during vasodilator therapy: a factor 
modifying drug response in heart 
failure, 433 
Can hydralazine therapy for severe, 
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chronic, heart failure be safely and 
effectively initiated outside the 
hospital? 410 
Comparative effects of oral pirbuterol 
versus intravenous dobutamine on lett 
ventricular function and energetics in 
chronic congestive heart failure: 
unique advantage of pirbuterot due to 
vasodilator and inotropic properties, 
412 
Effects of dobutamine on myocardial 
oxygen consumption and left 
ventricular function in patients with 
chronic heart failure due to ischemic 
heart disease, 479 
Inotropic effect of amrinone in severe 
congestive heart failure: lack of ; 
attenuation with sequential doses, 433 
Is the vasoconstriction of chronic heart 
failure related to the renin angiotensin 
system? 411 
Long term trimazosin therapy in cardiac 
failure, 411 
Oral captopril in ambulatory management 
of severe congestive heart faiture: 
sustained beneficial effects on 
ventricular function with & months 
therapy shown by cardiac 
catheterization, nuclear scintigraphy, 
echography, treadmill exercise and 
symptomatology, 411 
Sympathetic and renin response to 
orthostasis in congestive heart failure, 
433 
Coronary arteries 
Complete aortic root and vaive 
replacement with reimplantation of the 
coronary arteries—-? solution to tunnel 
obstruction, 488 
Follow-up of patients with chest pain: and 
normal coronary arteriography, 447 
improved echocardiographic technique 
for examining the left main coronary 
artery, 435 
Long term followup of patients 
manifesting severe ST depression 
during maximal Bruce exercise testing 
and having angiographically normal 
coronary arteries, 419 
Coronary arteritis 
Heart in-polyarteritis nodosa: a 
clinicapathologic study of 36 patients, 
395 
Coronary artery disease 
Angiographic correlation of coronary 
artery disease with. high density 
lipoprotein: cholesterol in asymptomatic 
men, 447 
Antianginal action of verapamil—a 
controlled study, 389 
Body surface distribution of ST 
depression during exercise testing in 
patients with coronary artery disease, 
469 
Chronotropic incompetence in stress 
testing in patients with coronary artery 
disease, 401 
Combined treadmill-scintiscan score to 
predict the presence and extent of 
coronary artery disease, 463 
Coronary artery constriction and 
hemodynamic responses during 
isometric handgrip in patients (pts) with 
coronary artery disease (CAD), 431 
Coronary heart disease in 48 autopsy 
patients 30 years of age and younger; 
422 
Cross-sectional echocardiographic 
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: evaluation of coronary artery 
abnormalities in children, 467 
Detection and localization of 240% 
eoronary stenosis in patients: 
comparison of exercise and 
dipyridamole thailium-201 myocardial 
imaging, 399 
Detection of muitivesse!l disease by 
exercise thallium-201 scintigraphy, 482 
Early post-myocardial-infarction treadmill 
stress. testing: an accurate 
discriminator of multi and single vessel 
coronary disease, 421 
Effect of crossovers on estimates of 
survival- in medically treated patients 
with coronary artery, disease, 455 
Effect of nifedipine on exercise tolerance 
in coronary artery disease, 439 
Effects cf an antiplatelet drug on 
myocardial ischemia in patients with 
coronary. artery disease, 424 
Effects cf-digoxin. on-left ventricular 
performance and myocardial blood 
flow distribution during isometric 
H exercise in coronary disease, 432 
-Effects cf intra-aortic balloon pumping on 
regional and total coronary flow in 
patiems with coronary disease, 395 
-Effects cf verapamil on coronary 
hemodynamics and vasomobility in 
patients with coronary artery disease, 
389. 

- Efficacy of nifedipine in the intermediate 
syndrome refractory. to propranolol and 
nitrate therapy, 390 

Exercise cross sectional 
echocardiographic diagnosis of 
coronary artery disease, 404 

Fixed vs. non-fixed coronary stenosis: the 
response to a fall in coronary pressure, 
390 

Frequency of provocated coronary artery 
spasm in 273 patients with chest pain, 
390 

Healing of coronary: artery intimal 
dissection after percutaneous 
transluminal angioplasty, 423 

Heavy mediastinal irradiation causing 
severe coronary narrowing in patients 
15 to 33 years of age: a poorly 
appreciated cause of coronary heart 
disease in young people, 476 

«Heterogeneity of myocardial metabolism: 
evidence of lactate production during 
net chemical extraction in man, 401 

improved myocardial perfusion and 
function following percutaneous 
transluminal coronary angioplasty 
(PTCA), 478 

Inability to: detect coronary artery disease 
at rest by patterns of ventricular 
emptying using contrast angiography 
and radionuclide angiography; 409. 

-integrated format for multiple testing in 
coronary artery disease, 463 

Localization of single vessel coronary 
artery disease by exercise 
electrocardiography and thallium 
scanning, 422 

Mechanisms of increased. R wave 
magnitude with exercise in patients 
with coronary artery disease, 420 

Modification-of platelet function by aspirin 
and dipyridamole across the 
myocardial vascular bed in coronary 

- disease patients, 424 

Natural history: study of asymptomatic 

coronary disease, 422 


Patterns of disturbed myocardial 
perfusion in patients with coronary 
artery disease, 464 

Predictive accuracy of coronary artery 
calcification and positive exercise. test 
in asymptomatic non-hyperlipidemic 
men for coronary artery disease, 400 

Predictive accuracy of positive exercise 
electrocardiogram: relation of heart 
rate at which ischemic response 
initially appears to presence of 
coronary artery disease, 470 

Predictive and prognostic value of 
exertional hypotension, 456 

Preservation of ischemic myocardium 
with glucose-insulin-potassium in 
patients with isolated left anterior 
descending stenosis, 484 

Progression and regression of coronary 
artery disease in post-infarction 
patients under age 40, 479 

Quantification of the exercise test that 
best maximizes the prediction of 
severe coronary disease, 470 

Refractory ergonovine induced coronary 
vaspspasm: importance of 
intracoronary nitroglycerin, 390 

Relation of treadmill exercise results to 
flow-limitation and perfusion-size of the 
affected coronary artery, 469 

Reproducibility of symptoms, cardiac and 
electrocardiographic responses during 
symptom-limited exercise in 
preoperative coronary patients, 469 

Right ventricular volume: analysis by 
equilibrium radionuclide angiography in 
normal subjects and patients with 
coronary disease, 398 

Sensitivity and specificity of exercise 
radionuclide angiography in detecting 
coronary disease, 408 

Specificity, sensitivity and accuracy of 
the nitroglycerin ventriculogram as a 
predictor of surgically reversible wall 
motion abnormalities, 399 

Subclinical abnormalities of left 
ventricular function in coronary 
patients detected by 2-D echo, 404 

Sudden death while running in 
conditioned runners: coronary disease 
is the culprit. 423 

Systemic and coronary hemodynamic 
effects of intravenous diltiazem in 
patients with coronary artery disease, 
439 

Thallium-201 exercise scintigraphy for 
detection of multivessel disease in 
patients with prior inferior myocardial 
infarction, 398 

Total cholesterol/high density lipoprotein 
ratio correlates with the presence. but 
not severity of coronary artery disease, 
447 

Wall thickness in single vessel coronary 
disease: evidence against.a causal 
association of ischemia and hypertrophy. 
423 


Coronary care, mobile 


Effect of a mobile coronary care unit on 
mortality in acute myocardial 
infarction. A randomized study, 461 

Reduction of myocardial infarction 
mortality by prudent patient activation 
of mobile coronary care, 461 


Coronary collateral vessels 


Coronary collateral circulation—"'a 
function-less quirk?”, 455 
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Effect-of. coronary collaterals on exercise 
performance, 392 
Coronary occlusion 
Can intracarciac volume changes 
adequately explain R-wave variations 
associated with acute coronary 
ischemia? 477 
Cellular electrophysiology of a mottled 
infarct in dogs 4 and 15 days after 
coronary occlusion and reperfusion, 
426 
Characterization of myocardial ATP 
degradation following coronary artery 
occlusion, 415 
Correlation of the incidence of 
reperfusion ventricular arrhythmias 
with the duration of experimental 
coronary artery ligation, 460 
Dissociation of coronary artery ligation 
arrhythmias and the fractionation of 
local electrograms, 493 
Effects. of nefecipine on ischemic 
myocardiun: preservation of 
contractiom during partial coronary 
occlusion, 4&5 
Myccardial cyclic adenosine 
monophesphate and high energy 
phosphates in ventricular vulnerability 
to fibrillation in the isolated rat heart 
after coronary artery ligation, 461 
No-reflow phenomenon: not a 
time-limiting factor for reperfusion 
following coronary occlusion, 394 
Prediction of biochemical! derangement in 
ischemic. myocardium following 
experimental coronary artery 
occlusion, 425 
Protective effect of aspirin following 
acute corcnary artery occlusion, 424 
Reversal of propranolol induced 
myocardial depression during partial 
and total coronary occlusion by 
nitroglycerin, 437 
Significance of the late fall in myocardial 
pCOz following acute coronary 
occlusion, 476 
Coronary perfusion 
Evaluations cf pre- and postoperative 
myocardial perfusion by thallium 201 
graded exercise testing, 456 
Improved cardiac function during 
coronary perfusion. with lew 
oxy-hemoglopin affinity human red 
blood cells, 479 
Coronary reperfusion 
Comparative effects of verapamil and 
nifedipine on reactive hyperemia, and 
ventricular arrhythmias during coronary 
artery reperfusion, 461 
Correlation df the incidence of 
reperfusion ventricular arrhythmias 
with the duration of experimental 
coronary artery ligation, 460 
Effect oftransient ischemia with 
reperfusioa-cn thallium clearance from 
the myocardium, 480 
Effects of pulsatile and nonpulsatile 
reperfusion on the post-ischemic 
myocardium, 394 
No-reflow phenomenon: not a 
time-limiting factor for reperfusion 
following coronary occlusion, 394 
Reperfusion arrhythmias: differential 
effect of lidocaine on reentry and 
enhanced automaticity, 474 
Coronary sinus 
Coronary sinus rhythm in dogs: induction, 
recording and characteristics, 492 


Coronary spasm 
Coronary osstruction in anterior 
“myocardial infarction: thrombus or 
spasm? 483 
Frequency of provocated coronary artery 
spasm in 273 patients with chest pain, 
390 
influence of ergonovine-induced coronary 
artery spasm on vulnerability to 
ventricular fibrillation, 455 
Refractory ergonovine induced coronary 
vaspspasm: importance of 
intracoronary nitroglycerin, 390 
Cor triatriatum 
Cor triatriatum (subdivided left atrium) 
anatomy, hemodynamics, surgery, and 
late followup of twenty-one patients, 
450 
Cough 
Cardiac output during ventricular 
fibrillation in the coughing dog, 445 
Creatine kinase 
An. improved, rapid radioimmunoassay for 
individual human CK isoenzymes, 400 
Detection of elevated mitochondrial CK in 
plasma after infarction by a specific 
radioimmunoassay, 414 
“Release of MB creatine kinase following 
..Soronary artery bypass grafting in the 
= absence of myocardial infarction, 416 
Cyclic adenosine monophosphate 
<- “Myocardial cyclic adenosine 
monophosphate and high energy 
phates in ventricular vulnerability 
‘to fibrillation in the isolated rat heart 
after coronary artery ligation, 461 
Daunorubicin 
Anthracycline heart: analysis of 69 
patients treated with either adriamycin 
or daunorubicin showing a lack of 
correlation between clinical and 
morphologic findings, 396 
Death, sudden 
-Cardiac rhythm in sudden infant death 
syndrome, 431 
Frequency of myocardial infarction and 
sudden death in 44 variant angina 
patients: a high risk ischemic heart 
disease subset, 454 ` 
Sudden death after myocardial infarction: 
-runs of ventricular premature beats and 
R on T as high risk factors, 444 
Sudden death while running in 
conditioned runners: coronary disease 
isthe culprit, 423 : 
Defibrillation 
~+ Ghronic cardiac changes following 
“transthoracic ventricular defibrillation 
in the dog, 446 
Effects. of ethmozine and jidocaine on 
ventricular fibrillation and:defjbriliation 
in anesthetized dogs, 474 
Electrophysiological characterization of 
myocardial injury induced by 
defibrillatory shocks on dogs, 446 
Diabetes mellitus 
Diabetic neuropathy of the heart and 
arteries, 475 
Effects of chronic diabetes on cardiac 
performance and metabolism invats, 
433 
Digoxin 
Combination quinidine-digoxjn: unique 
électrophysiologic changes produced 
in canine purkinje fiber, 428 
Digoxin disposition in premature infants, 
429 ; 


Digoxin-quinidine interaction: increased 
digoxin brain concentration, 453 
Effects of digoxin on left ventricular 
performance and myocardial blood 
flow distribution during isometric 
exercise in coronary disease, 432 
Effects of oral digoxin on ventricular 
ectopy and its relation to left 
ventricular function, 453 
Onset and dose dependence of the 
digoxin-quinidine interaction, 413 
Quinidine decreases both renal and 
metabolic clearance of digoxin, 453 
Reversibility of adriamycin induced 
reduction in myocardial thallium-201 
uptake by intravenous digoxin, 482 
Diltiazem 
Efficacy of diltiazem in variant angina, 
439 
Systemic and coronary hemodynamic 
effects of intravenous diltiazem in 
patients with coronary artery disease, 
439 
Dipyridamole 
Comparison of planar and tomographic 
thallium-201 scintigrams following 
coronary vasodilatation with 
dipyridamole, 482 
Detection and localization of = 40% 
coronary stenosis in patients: 
comparison of exercise.and 
dipyridamole thallium-201 myocardial 
imaging, 399 
Modification of platelet function by aspirin 
and dipyridamole across the 
myocardial vascular bed in coronary 
disease patients, 424 
Quantitation of platelet deposition in 
Gore-Tex femoral artery implants in the 
canine model and its reduction with 
dipyridamole and prostacyclin, 424 
Dobutamine 
Comparative effects of oral pirbuterol 
versus intravenous dobutamine on left 
ventricular function and energetics in 
chronic congestive heart failure: 
unique advantage of pirbuterol due to 
vasodilator and inotropic properties, 
412 
Effects of dobutamine on myocardial 
oxygen consumption and left 
ventricular function in patients with 
chronic heart failure due to ischemic 
heart disease, 479 
Doppler ultrasound 
Assessment of left ventricular function by 
determination of maximum 
acceleration of blood flow in the aorta 
using continuous Doppler ultrasound, 
398 
Doppler cardiographic assessment of 
severity of aortic and mitral valve 
stenosis, 437 
Mitral regurgitation in mitral valve 
prolapse: detection by pulsed Doppler 
echocardiography versus angiography 
and cardiac auscultation. Correlation 
with cardiac arrhythmias by ambulatory 
monitoring, 442 
New ultrasound technique for assessment 
of femoral vascular anatomy before 
and after cardiac catheterization {CC} 
in children and infants, 466 
Pulsed echo Doppler measurements of 
beat to beat changes in stroke volume 
in dogs, 437 
Use of carotid artery flow (CAF) patterns 
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as assessed by Doppler 
ultrasonography for the noninvasive 
evaluation of Blalock-Taussig shunt 
(BTS) patency, 429 
Ebstein's anomaly 

Recurrent tachycardia associated with 

Ebstein's anomaly, 405 
Echocardiography 

See also Doppler ultrasound 

Abnormal systolic motion of the 
posterolateral basal left ventricle in 
mitral vaive prolapse: a new 
cross-sectional echocardiographic 
sign, 434 

Accurate volume determination in the 
isolated ejecting canine heart froma 
limited number of two-dimensional 
echocardiographic crass-sections, 470 

Asymmetric left ventricular 
hypertrophy—a study of anatomy and 
function by cross-sectional 
echocardiography and radionuclide 
angiography, 491 

Biplane apex echocardiography versus 
biplane cineangiography in the 
assessment of left ventricular volume 
and function: validation by direct 
measurements, 477 

Can ejection fraction be measured 
non-invasively in children after 
ventricular septal patching? 468 

Clinical spectrum of left ventricular mural 
thrombi in a large cardiac population: 
assessment by two-dimensional 
echocardiography, 435 

Comparative efficacy of cross-sectional 
echocardiography and gated 
equilibrium radionuclide angiography 
for assessing left ventricular size and 
performance, 403 

Comparison of two-dimensional 
echocardiography, gated heart pool 
scan, and left ventriculography in the 
detection of regional wall motion 
abnormalities, 403 

Computerized image processing in 
cross-sectional echocardiography, 403 

Contrast echocardiography: transmission 
of echoes to the left heart across the 
pulmonary vascular bed, 401 

Contrast two-dimensional 
echocardiography in inter-atrial shunts, 
402 

Cross-sectional. echocardiographic 
evaluation of coronary artery 
abnormalities in children, 467 

Differentiation of A-mode ultrasound 
signals from normal and ischemic 
myocardium by multivariate 
discriminant analysis of waveform 
parameters, 403 

Discrete subaortic obstruction: 
two-dimensional echocardiographic 
features, 434 

Early detection of aortic root 
abnormalities in ankylosing spondylitis 
by two-dimensional echocardiography, 
441 

Echocardiographic detection of patients 
at high risk for recurrent ventricular 
fibrillation, 444 

End-systolic retraction of the jeft 
ventricular posterior wall: a specific 
echocardiographic marker of 
prolapsing mitral valve, 442 

Evaluation of cardiac chamber size and 
left ventricular function in children 
using two dimensional apex 
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echocardiography, 468 

Evaluation of left ventricular function 
during upright exercise using 
continuous echocardiographic 
monitoring (CEM), 467 

Exercise cross sectional 
echocardiographic diagnosis. of 
coronary artery disease, 404 

Factors affecting real-time 
cross-sectional (2D) echocardiographic 
(ECHO) imaging of ventricular septal 
defects (VSD), 467 . 

First derivative of diastolic aortic root 
motion as a measure of transmitral 
flow, 436 

identification of prominent Eustachian 
valves by M-mode and two-dimensional 
echocardiography: differentiation from 
right atrial masses, 402 

improved echocardiographic technique 
for examining the left main coronary 
artery, 435 . 

Left ventricular microcavitations in 
patients with Beall valves, 402 

Obstructive versus non-obstructive SAM: 
a crucial distinction, 491 

Patterns and significance of the 
distribution of left ventricular 
hypertrophy in a large population of 
patients with hypertrophic 
cardiomyopathy: a wide-angle 
two-dimensional echocardiographic 
study, 491 

Practical two-dimensional 
echecardiographic model te assess 
volume in the ischemic left ventricle, 
471 

Preoperative M-mode echocardiography 
as a predictor of surgical results in 
chronic mitral insufficiency, 442 

Pulsed echo Doppler measurements of 
beat to beat changes in stroke volume 
in dogs, 437 

Pulsus alternans determined by 
biventricular simultaneous 
echocardiographic systolic time 
intervals, 476 

Quantitation of human left vertricular (LV) 
mass and volume by cross-sectional 
echocardiography: in vitro anatomic 
validation, 470 

Real time two-dimensional 
echocardiography in right ventricular 
infarction, 436 

Relationship between right anterior 
oblique cine angiographic and M-mode 
echographic left ventricular 
dimensions, 397 

Selection criteria for echocardiographic 
assessment of left ventricular pressure 
and peak gradient in patients with 
valvular aortic stenosis, 471 

Sensitivity and speciticity of 
two-dimensional echocardiography in 
the. detection of left ventricular 
aneurysms, 436 

Serial-evaluation for left. ventricular 
thrombus during acute transmural 
myocardial infarction using 
two-dimensional echocardiography 
(2DE), 483 

Statistical comparison of the M-mode and 
two-dimensional echocardisgraphic 
diagnosis of flail mitral leatiets, 435 

Subclinical abnormalities. of left 
ventricular function in coronary 
patients detected by 2-D ezho, 404 


Three-dimensional display and volume 
determination of the left ventricle by 
two-dimensional echocardiography, 
471 

Two-dimensional echocardiographic 
recognition of the descending thoracic 
aorta: value in differentiating 
pericardial from pleural effusions, 401 

Two-dimensional echocardiographic 
recognition of mural thrombi: in-vivo 
and in-vitro studies, 435 

Two dimensional echocardiographic 
features of corrected transposition, 
466 

Two-dimensional echo sector 
angiographic diagnosis of ventricular 
septal defect following acute 
myocardial infarction, 436 

Wide-angle two-dimensional 
echocardiographic assessment of fetal 
cardiac anatomy, 466 

Wide-angle two-dimensional 
echocardiographic criteria for 
ventricular morphclogy, 466 

Ehlers-Danlos syndrome 

Concordance between mitral valve 
prolapse and abnormal collagen 
synthesis in phenotypically expressed 
and occult Ehlers Danios syndrome, 
442 

Ejection fraction 

Age related changes in the left ventricular 
ejection fraction response to exercise, 
391 

Can ejection fraction be measured 
non-invasively in children after 
ventricular septal patching? 468 

Comparison of radionuclide and contrast 
techniques in assessing ejection 
fraction at rest and during exercise, 
422 

Exercise ejection fraction diminishes after 
recovery in postoperative 
aortocoronary bypass patients, 420 

Prognostic significance of preoperative 
ejection fraction in different aortic 
valve lesions, 487 

Electrocardiography 

Can intracardiac volume changes 
adequately explain R-wave variations 
associated with acute coronary 
ischemia? 477 

Clinical significance of the ECG interval 
prolongation accompanying effective 
encainide therapy, 473 

Composite cardiac electrogram: fact or 
artifact? 493 

Coronary sinus rhythm in dogs: induction, 
recording and characteristics, 492 

Influence of left ventricular dimensions on 
endocardial and epicardial QRS 
amplitude and ST segmant elevations 
during acute myocardial ischemia, 414 

Myocardial infarcts in the lateral third of 
the left ventricle: size and ECG 
recognition, 473 

Relief of chest pain and reduction of 
Q-wave evolution in acute myocardial 
infarction by large dose sublingual 
nitroglycerin, 483 

Sustained ventricular tachycardia: 
anatomic or functional basis? 493 

Electrocardiography, ambulatory 

Holter 24 hr recordings in post Mi 
patients in double blind treatment with 
sulfinpyrazone, 445 

Treatment of PVCs with tecainide, 
quinidine sulfate, and placebos, 445 
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Electrocardiocraphy, exercise 

integrated fermat for multiple testing in 
coronary artery disease, 463 

Localization of single vesseli corenary 
artery disease by exercise 
electrocardiography and thallium 
scanning. 422 

Mechanisms of increased R wave 
magnitude with exercise in patients 
with coronary artery disease, 420 

Predictive accuracy of positive exercise 
electrocardiogram: relation of heart 
rate at waich ischemic response 
initially aopears to presence of 
coronary artery disease, 470 

Reproducibility of symptoms, cardiac and 
electrocardiographic responses during 
sympton+limited exercise in 
preoperative coronary patients, 469 

Terminal T n exercise 
electrocardiograms, 472 

Total body surface potential mapping 
during exercise: QRS changes in 
normal young adults, 472 

Electrophysio‘ogic studies 

Afterpotentials as a cause of long QT 
syndrome?—electrophysiological 
studies of a case, 472 

Analysis of ischemic myocardial injury in 
vitro—a microelectrode study, 426 

Atrial enlargement can cause arrhythmias 
without altering transmembrane 
potentials, 426 

Atrio-ventricular nodal “memory” studied 
by randon atrial stimulation, 459 

Cellular -electropharmacolagy in 
experimental ischemic lesions: 
comparison in acute and healed 
ischemic injury, 473 

Cellular electrophysiology of a mottled 
infarct in dogs 4 and 15 days after 
coronary occlusion and reperfusion. 
426 

Characteristic alteration of the retrograde 
atrial activation sequence in patients 
with dual atrioventricular nodal 
pathway conduction, 404 

Combination quinidine-digoxin: unique 
electrophysiologic changes produced 
in canine purkinje fiber, 428 

Developmental sympathetic effects on 
vulnerability to ventricular fibrillation in 
puppies, 495 

Differential effect of verapamil in overt 
and concealed WPW syndrome: new 
evidence from intracardiac recordings, 
453 

Dissociation ot coronary artery ligation 
arrhythmias and the fractionation of 
local electrograms, 493 

Dual atrioventricular nodal pathway 
conductisn—a common 
electrophysiological phenomenon in 
children without arrhythmias, 430 

Effect of catecholamines released by 
trains of pulses on ventricular 
vulnerability to fibrillation, 495 

Effect of lidocaine on the rate of 
atrioventricular junctional escape 
pacemakers, 451 

Effect of procainamide on excitability in 
man, 452 

Electrophysiological characterization of 
myocardial injury induced by 
defibrillatory shocks on dogs. 446 

Electrophysiologic consequences of 
Mustard repair of transposition of the 
great arteries, 430 


Electrophysiologic findings in patients 
suffering cardiac arrests, 406 
Electrophysiologic properties of normal 
neonatal and adult canine cardiac 
purkinje fibers, 431 
Electrophysiology of right atrial 
hypertrophy in children, 426 
Evidence supporting a direct cholinergic 
effect on ventricular muscle refractory 
period in man, 473 
Functional properties of reentrant circuits 
deduced from direct myocardial 
recording during sustained ventricular 
tachycardia, 493 
Intracellular potassium activity in 
guinea-pig atrial muscle, 425 
Localization of pacing sites within infarcts 
by epicardial mapping, 494 
Mechanism of ventricular fibrillation of 
the normal myocardium, 427 
Mechanisms of termination of aberrant 
conduction due to retrograde 
concealed penetration of the bundle 
branches during. circus movement 
tachycardia utilizing an accessory 
pathway, 405 
Myocardial. cell damage during 
vasospastic anginal attacks with 
promptly reversible : 
electrocardiographic changes, 45 
Pathophysiology of epicardium overlying 
~ transmural myocardial infarction, 460 
Quinidine toxicity: an electrophysiological 
- @valuation in cardiac purkinje fibers, 
428 f . 
Recurrent tachycardia associated with 
Ebstein's anomaly, 405 
Regional differences in transmembrane 
action potential (AP) in guinea pig heart 
during global ischemia, 427 
Reperfusion arrhythmias: differential 
effect of lidocaine on reentry and 
enhanced automaticity, 474 
Repetitive beating after single ventricular 
extrastimull: incidence and prognostic 
significance in patients. with recurrent 
ventricular tachycardia, 407 
Repetitive ventricular responses in 
patients with life-threatening ventricular 
arrhythmias, 406 
Resection of ventricular aneurysm 
modified by electrophysiologic 
assessment in patients with intractabie 
ventricular tachycardia and left 
ventricular aneurysm, 417 
Significance of H-V interval in 515 
patients with chronic bifascicular 
block, 405 
Sustained ventricular tachycardia: 
anatomic or functional basis? 493 
Systolic (ST) current fiow across infarct 
boundaries, 472 
Temporal dispersion of refractoriness: 
lack of correlation with antiarrhythmic 
efficacy in a model of chronic 
infarction, 474 
Torsade de pointes: electrophysiology 
atypical ventricular tachycardia, 494 
Transmembrane action potential 
characteristics of ventricular cells 
during ventricular fibrillation, 427 
Ventricular refractoriness at twice 
diastolic excitability threshold: an 
: unpredictable source of variability, 427 
Emax 
Emax during exercise in children with 
left-sided cardiac disease, 467 


Embolism 
Pulmonary embolectomy, 488 
Encainide 
Abolition of ventricular arrhythmias during 
chronic oral therapy with encainide in 
man, 451 
Clinical significance of the ECG interval 
prolongation accompanying effective 
encainide therapy, 473 
Epicardium 
Pathophysiology of epicardium overlying 
transmural myocardial infarction, 460 
Epidemiology 
Angiographic correlation of coronary 
artery disease with high density 
lipoprotein cholesterol in asymptomatic 
men, 447 
Cigarettes, coffee, and other associations 
with HDL cholesterol in the generat 
population, 447 
Ergonovine 
Ergonovine stress test: a provocative test 
for diffuse esophageal spasm or 
variant angina? 440 
influence of ergonovine-induced coronary 
artery spasm on vulnerability to 
ventricular fibrillation, 455 
Refractory ergonovine induced coronary 
vaspspasm: importance of 
intracoronary nitroglycerin, 390 
Esophageal spasm 
Ergonovine stress test: a provocative test 
for diffuse esophageal spasm or 
variant angina? 440 
Ethmozine 
Effects of ethmozine and lidocaine on 
ventricular fibrillation and defibrillation 
in anesthetized dogs, 474 
Eustachian valve 
identification of prominent Eustachian 
valves by M-mode and two-dimensional 
echocardiography: differentiation from 
right atrial masses, 402 
Exercise 
Age related changes in the left ventricular 
ejection fraction response to exercise, 
391 
Characteristics of exercise performance 
in men with previous myocardial 
infarction: (non) influence of infarct 
location, 391 
Effect of coronary collaterals on exercise 
performance, 392 
Exercise testing 
See also Electrocardiography, exercise 
Abbreviated rapid onset exercise stress 
testing for the exposure of ventricular 
arrhythmia, 420 
Acute and long-term effect of 
vasodilators on resting and exercise 
hemodynamic measurements and 
exercise tolerance, 432 
Advantages of exercise imaging in 
patients with equivocal treadmill 
exercise tests, 421 
Afterload reduction therapy for chronic 
severe aortic insufficiency: beneficial 
effects during rest and exercise, 441 
Body surface distribution of ST 
depression during exercise testing in 
patients with coronary artery disease, 
469 
Chronotropic incompetence in stress 
testing in patients with coronary artery 
disease, 401 
Gombined treadmill-scintiscan score to 
predict the presence and extent of 
coronary artery disease, 463 
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Comparison of radionuclide and contrast 
techniques in assessing ejection 
fraction at rest and during exercise, 
422 

Coronary artery constriction and 
hemodynamic responses during 
isometric handgrip in patients (pts) with 
coronary artery disease (CAD), 431 

Detection and localization of > 40% 
coronary stenosis in patients: 
comparison of exercise and 
dipyridamole thailium-201 myocardial 
imaging, 399 

Early post-myocardial infarction treadmill 
stress testing: an accurate 
discriminator of multi and single vessel 
coronary disease, 421 

Effect of nifedipine on exercise tolerance 
in coronary artery disease, 439 

Emax during exercise in children with 
left-sided cardiac disease, 467 

Evaluation of left ventricular function 
during upright exercise using 
continuous echocardiographic 
monitoring (CEM), 467 

Evaluations of pre- and postoperative 
myocardial perfusion by thallium 201 
graded exercise testing. 456 

Exercise capacity after vaive 
replacement in children and 
adolescents, 468 

Exercise cross sectional 
echocardiographic. diagnosis of 
coronary artery disease. 404 

Exercise ejection fraction diminishes after 
recovery in postoperative 
aortocoronary bypass patients, 420 

Five year follow-up of maximal treadmill 
stress test in asymptomatic women 
and men, 419 

Hemodynamic responses. to static 
exercise are dependent on the mass of 
muscle activated, 420 

Immediate psychological impact of 
exercise testing soon after myocardial 
infarction, 421 

integrated format for multiple testing in 
coronary artery disease, 463 

Left ventricular diastolic performance 
during exercise in coronary artery 
disease: assessment of peak filling 
rate with first pass radionuclide 
angiography, 408 

Left ventricular function at rest and during 
exercise in marathon runners, 431 

Long term followup of patients 
manifesting severe ST depression 
during maximal Bruce exercise testing 
and having angiographically normal 
coronary arteries, 419 

Mechanisms of increased R wave 
magnitude with exercise in patients 
with coronary artery disease, 420 

Multiple gated acquisition thallium 
scintigrams with computer 
enhancement: improved sensitivity in 
asymptomatic men with abnormal 
treadmill tests, 463 

Predictive accuracy of coronary artery 
calcification and positive exercise test 
in asymptomatic non-hyperlipidemic 
men for coronary artery disease, 400 

Predictive accuracy of positive exercise 
electrocardiogram: relation of heart 
rate at which ischemic response 
initially appears to presence of 
coronary artery disease, 470 

Predictive and prognostic value of 


February 1980 The American Journal of CARDIOLOGY Volume 45.509 


“SUBJECT INDEX: ABSTRACTS 


exertional hypotension, 466 

Quantification of the exercise test that 
best maximizes the prediction of 
severe coronary disease, 470 

Quantitation of TI-201 myocardial 
distribution and washout: normal 
standards for graded exercise studies, 
480 

‘Relation of treadmill exercise results to 


flow-limitation and perfusion-size of the 


affected coronary artery, 469 

Reproducibility of exercise testing at two 

" ami six weeks post myocardial 

infarction, 400 

Reproducibility of symptoms, cardiac and 
électrocardiographic responses during 
symptom-limited exercise in 
preoperative coronary patients, 469 

Response to exercise early after 
uncomplicated acute myocardial 
infarction. in-unmedicated patients, 421 

Sensitivity and specificity of exercise 
radionuclide angiography in detecting 
coronary disease, 408 

Sportaneous improvement ia aerobic 
capacity between 3 and 11 weeks 
after myocardial infarction, 391 

Value of blood pressure response to 
exercise in the recognition of latent or 
early borderline hypertension, 489 

Variability of treadmill exercise testing 
results in patients with angina pectoris, 
469 

Exercise training 

Beneficial effects of endurance exercise 
training in adolescent hypertension, 
489 

Physical conditioning in patients with 
severely depressed left ventricular 
function, 392 

Physical conditioning reduces 
epinephrine-induced platelet 
aggregation following myecardial 
infarction, 425 

Training effect: do athletes have 
improved left ventricular performance 
during exercise? 391 

: Familial disease 


Hereditary progressive cardiac conduction 


and muscle disease: clinical staging, 
386 i 
Femoral artery 
New ultrasound technique far assessment 
of femoral vascular anatomy before 
and after cardiac catheterization (CC} 
in children and infants, 466 
Femoral vein 
New ultrasound technique fer assessment 
ot femoral vascular anaterny before 
and after cardiac catheterization (CC} 
in children and infants, 466 
Fetal heart 
Wide-angle. two-dimensional 
echocardiographic assessment of fetal 
: cardiac anatomy, 466 
‘8Fluoro-2-deoxyglucose 
Glucose. metabolism of regiona! 
myocardial ischernia evaluated by 
‘8Huoro-2-deoxyglucose and positron 
: emission computed tomography, 465 
Fiuorophotography 
Two and three dimensional dispiay of 
myocardial ischemic ‘‘borderzone”’ in 
: the rabbit. dog, pig and monkey, 413 
Glucose 
Glucose metabolism of regional 
myocardial ischemia evaluated by 
18ituore-2-deoxyglucose and positron 


emission computed tomography, 465 
Glucose-insulin-potassium 
Preservation of ischemic myocardium 
with glucose-insulin-potassium in 
patients with isolated left anterior 
descending stenosis, 484 
Grafts 
Sulfinpyrazone decreases vein graft 
occlusion in patients following 
coronary artery bypass surgery, 425 
Heart rate 
Chronotropic incompetence in stress 
testing in patients with coronary artery 
disease. 401 
Control of ventricular rate in paroxysmal 
supraventricular tachycardia and atrial 
flutter-fibrillation with intravenous 
verapamil: a double blind randomized 
crossover study, 452 
Predictive accuracy of positive exercise 
electrocardiogram: relation of heart 
rate at which ischemic response 
initially appears to presence of 
coronary artery disease, 470 
Heart transplantation 
Congestive cardiomyopathy patients as 
heart-transplant recipients, 488 
Hematocrit 
infarct size manipulation by alteration of 
hematocrit, 484 
Hemodynamics 


Activation of vasoconstrictor mechanisms 


during vasodilator therapy: a factor 
modifying drug response in heart 
failure, 433 

Acute and long-term effect of 
vasodilators on resting and exercise 
hemodynamic measurements and 
exercise tolerance, 432 

Adrenergic responsiveness following 
abrupt propranolol! withdrawal in 
patients with angina pectoris, 438 

Beneficial hemodynamic and energetic 
effects of afterload reduction with 
prostaglandin E-1 in patients with 
severe chronic congestive heart 
failure, 438 

Chronic cardiac changes following 
transthoracic. ventricular defibrillation 
in the dog, 446 

Comparative hemodynamic effects of 
nitroglycerin and nitroprusside during 
recovery, 394 

Comparative hemodynamic evaluation of 
the Carpentier-Edwards and 
Angell-Shiley porcine xenografts, 486 

Coronary artery constriction and 
hemodynamic responses during 


isometric handgrip in patients (pts) with 


coronary artery disease (CAD), 431 

Cor triatriatum (subdivided left atrium) 
anatomy, hemodynamics, surgery, and 
late followup of twenty-one patients, 
450 

Deleterious influence cf hypometabolism 
on evolving myocardial infarction in 
conscious dogs, 484 

Distribution of pressure across the left 
ventricular wall in the beating and 
arrested heart: evidence of epicardial 
muscle tone during diastole, 393 

Effects of verapamil on coronary 
hemodynamics and vasomobility in 
patients with coronary artery disease, 
389 


Fixed vs. non-fixed coronary stenosis: the 
response to a fall in coronary pressure, 


390 
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Hemodynamic effects of intact human 
pericardium after coronary bypass 
surgery, 417 

Hemodynamic evaluation of porcine 
heterografts inthe mitral position for 
more than five years, 486 

Hemodynamic responses to static 
exercise are dependent on the mass of 
muscle activated, 420 

Hemodynamic results of repeat 
valvulotomy for aortic stenosis in 
children, 449 

Hydralazine effects on hemodynamics, 
cardiac contractile function and 
myocardial energetics in isolated 
myocardium, 440 . 

Mechanism of improved cardiac 
performance with afterload reduction in 
aortic insufficiency, 410 

Natural history of unoperated aortic 
stenosis: hemodynamic progression, 
440 

Pulmonary venous regurgitation: etiology 
of hemodynamic deterioration during 
ventricular tachyarrhythmias and 
pacing, 457 

Spontaneous. improvement in aerobic 
capacity between 3 and 11 weeks 
after myocardial infarction, 391 

St. Jude aortic valve prosthesis: 
post-operative hemodynamic 
evaluation at rest and exercise, 486 

Systemic and coronary hemodynamic 
effects of intravenous diltiazem in 
patients with coronary artery disease, 
439 

Histodysplasia 
Mitral valve prolapse: possible 
manifestation of a congenital 
neuro-ecto-mesodermal histodysplasia, 
443 
Histologic studies 
is nonfamilial asymmetric septal 
hypertrophy a different histological 
disorder? 492 
H-V interval 
Significance of H-V interval in.615 
patients with chronic bifascicular 
block, 405 
Hyaluronidase 
Reduction of acute myocardial ischemia 
in isolated rabbit heart by 
hyaluronidase, 485 
Hydralazine n 
Afterload reduction therapy for chrohic 
severe aortic insufficiency: beneficial 
effects during rest and exercise, 441 
Can hydralazine therapy for severe, 
chronic, heart failure be safely and 
effectively initiated outside the 
hospital? 410 
Hydralazine effects on hemodynamics, 
cardiac contractile function and 
myocardial energetics in isolated 
myocardium, 440 
Mechanism of improved cardiac 
performance with afterload reduction in 
aortic insufficiency, 410 
Hypertension i, ee Ge 
Beneficial effects of endurance exercise 
training in adolescent hypertension, 
489 
Effect of antihypertensive therapy on 
caicium transport by cardiac 
sarcoplasmic reticulum of 
spontaneously hypertensive rats 
(SHRs), 490 
improved cardiac performance with long 


term reduction of blood pressure in oid 
spontaneously hypertensive rats, 490 
Long-term minoxidil therapy—effects on 
the heart, 490 
Use of ambulatory blood pressure 
monitoring in the evaluation of patients 
with borderline hypertension, 446 
Value of blood pressure response to 
exercise in the recognition of latent or 
early borderline hypertension, 489 
Verification of physician assessment of 
antihypertensive therapy by ambulatory 
blood pressure recording, 490 
Hypertension, pulmonary 
Effects of acute volume loading on right 
ventricular function in chronic 
pulmonary hypertension, 432 
Hypertension, renovascular 
Papillary muscle function in renovascular 
hypertension, 434 
Hypertrophy 
See also Cardiomyopathy 
Asymmetric: left ventricular 
hypertrophy—a study of anatomy and 
function by cross-sectional 
echocardiography and radionuclide 
angiography, 491 
Is. nonfamilial asymmetric septal 
hypertrophy a different histological 
: disorder? 492 
<- Obstructive versus non-obstructive: SAM: 
` a@-crucial distinction, 494 
Passive stiffness characteristics of the 
_¥Olume-overload hypertrophied 
myocardium, 434 
Patterns and significance of the 
distribution of left ventricular 
hypertrophy in a large population of 
patients with hypertrophic 
cardiomyopathy: a wide-angle 
two-dimensional echocardiographic 
study, 491 
Relationship of ischemic contracture to 
high energy phosphate content and 
mitochondrial function in hypertrophied 
myocardium, 394 
Walt thickness in single vessel coronary 
disease: evidence against.a causal 
association of ischemia and hypertrophy, 
423 
Hypotension 
Predictive and prognostic value of 
exertional hypotension, 456. — 
Idiopathic hypertrophic subaortic stenosis 
See also Cardiomyopathy: Subaortic 
stenosis 
Advantages of nitroprusside infusion in 
diagnosis and assessment of outflow 
obstruction in idiopathic hypertrophic 
subaortic stenosis: improved accuracy 
and safety than amyl nitrite inhalation, 
492 
infants 
Cardiac rhythm in sudden infant death 
syndrome, 431 
Digoxin disposition in premature infants, 
429 
Electrophysiologic properties of normal 
neonatal and adult canine cardiac 
purkinje fibers, 431 
intraatrial repair of transposition of the 
great arteries in infancy, early and late 
results, 448 
Management of the infant. with 
coarctation of the aorta and ventricular 
septal defect, 450 
New ultrasound technique for assessment 
of femoral vascular anatomy before 
and after cardiac catheterization (CC) 
in children and infants, 466 


Systemic ventricular function in patients 
with congenital heart disease repaired 
during infancy, 468 

Interventricular septum 

Contribution of interventricular septal wail 
mction to right and left ventricular 
function: visualization by biventricular 
angiography, 397 

Intraaortic balloon counterpuisation 

Effects of intra-aortic balloon diastolic 
augmentation and nitroprusside on 
postoperative regional left ventricular 
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during global ischemia, 427 : 

Relationship of ischemic contracture to 
high energy phosphate content and 
mitochondrial function in hypertrophied 
myocardium, 394 

Role of elevated extracellular Kt activity 
in conduction slowing during acute 
myocardial ischemia, 466 

Surgical relief of myocardial ischemia 
due to myocardial bridges, 417 
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Ti-201 imaging in detecting acute 
alterations in myocardial perfusion, 
480 

Localization of single vessel coronary 
artery disease by exercise 
electrocardiography and thallium 
scanning, 422 
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potentiation in the assessment of the 
acutely ischaemic left ventricie, 399 

Refractory ergonovine induced coronary, 
vaspspasm: importance of 
intracoronary nitroglycerin, 390 

Relief of chest pain and reduction of 
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septal defect, 450 
New ultrasound technique for assessment 
of femoral vascular anatorny before 
and after cardiac catheterization {CC} 
in children and infants, 466 
Pathogenesis of mitral valve prolapse 





(MVP) syndrome in children with 
Duchenne’s Muscular Dystrophy: an 
ultrastructural and histologic basis, 396 
Pulmonary vascular bed (PVB) in patients 
with tetralogy of fallot (TOF) with or 
without pulmonary atresia, 429 
Puimonary vasculature in pulmonary 
valvar stenosis, 450 
Right ventricular growth in pulmonary 
atresia with intact ventricular septum, 
448 
Selection criteria for echocardiographic 
assessment of left ventricular pressure 
and peak gradient in patients with 
valvular aortic stenosis, 471 
Subaortic stenosis: a thirty year 
experience, 449 
Supraventricular tachycardia in children: 
Clinical features, response to treatment 
and long term follow-up in 217 
patients, 430 
Systemic ventricular function in patients 
with congenital heart disease repaired 
during infancy, 468 
Time course study of blood pressure in 
children after three years—Bogalusa 
Heart Study, 446 
Truncus arteriosus with pulmonary 
vascular obstructive disease—medical 
vs surgical management, 450 
Two dimensional echocardiographic 
features of corrected transposition, 
466 
Use of carotid artery flow (CAF) patterns 
as assessed by Doppler 
ultrasonography for the noninvasive 
evaluation of Bialock-Taussig shunt 
{BTS) patency, 429 
Wide-angle two-dimensionai 
echocardiographic assessment of fetal 
cardiac anatomy, 466 
Wide-angle two-dimensional 
echocardiographic criteria for 
ventricular morphology, 466 
Percutaneous transluminal coronary 
angioplasty 
Healing of coronary artery intimal 
dissection after percutaneous 
transluminal angioplasty, 423 
improved myocardial perfusion and 
function following percutaneous 
transluminal coronary angioplasty 
(PTCA), 478 
Pericardial effusion 
Two-dimensional echocardiographic 
recognition of the descending thoracic 
aorta: value in differentiating 
pericardial from pleural effusions, 401 
Pericardiotomy 
Effect of nitroprusside on end-diastolic 
pressure-diameter relations of the 
human left ventricle after 
pericardiotomy, 393 
Pericarditis 
importance of left ventricular filling in 
differentiating constrictive pericarditis 
vs. restrictive cardiomyopathy, 475 
Pericardium 
Hemodynamic effects of intact human 
pericardium after coronary bypass 
surgery, 417 
Pharmacokinetics 
Pharmacokinetics and pharmacologic 
effects after single and chronic doses 
of isosorbide dinitrate, 438 
Phospholamban 
Transient state kinetic studies of 
Ca?*-dependent ATPase and Ca 
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translocation by cardiac sarcoplasmic 
reticulum. Role of the 22,000-dalton 
protein phospholamban, 415 
Pindolol 
Protection of ischemic myocardium with 
intravenous pindolol in acute 
myocardial infarction, 484 
Pirbuterot 
Comparative effects of oral pirbuterot 
versus intravenous dobutamine on left 
ventricular function and energetics in 
chronic congestive heart failure: 
unique advantage of pirbuterol due to =-=: 
vasodilator and inotropic properties; o= 
412 ; a 
Pleural effusion : 
Two-dimensional echocardiagraphic: i 
recognition of the descending thoracic: 
aorta: value in differentiating - : 
pericardial from pleural effusions; sor 
Polyarteritis nodosa S 
Heart in polyarteritis nodosa: a Ss 
clinicopathologic study of 36 patients, 
395 
Potassium ie 
Effects of hyperkalemia on sinus node 
function: sino-ventricular conduction 
and sino-atrial reentry, 425 
intracellular potassium activity in 
guinea-pig atrial muscle, 425 ; 
Role of elevated extracellular K* activity. 
in conduction slowing during acute. 
myocardial ischemia, 460 
Prazosin ; 
Long term afterload reduction: theron i no 
children, 429 l 
Long term improvement in left ventricular 
function after prazosin therapy, AIt -~ 
Preexcitation 
Hypertrophic cardiomyopathy and 
ventricular pre-excitation, 491 
Premature ventricular complexes 
Treatment of PVCs with tocainide, 
quinidine sulfate, and placebos, 445 
Pressure ventilation 
Paradoxical rise in left ventricular filling 
pressure with positive end expiratory 
pressure ventilation: a reversed 
Bernheim effect, 476 
Procainamide | 
Effect of procainarnide on excitability in 
man, 452 
Modification of ventricular tachycardia by 
procainamide, 452 
Temporal dispersion of refractoriness: 
lack of correlation with antiarrhythmic 
efficacy in a model of chronic 
infarction, 474 
Prognosis 
Predictive and prognostic value of 
exertional hypotension, 456 
Use of noninvasive clinical parameters to 
characterize prognosis in patients with 
angina pectoris, treated medically or 
surgically, 456 
Propranolol 
Adrenergic responsiveness following 
abrupt propranolol withdrawal in 
patients with angina pectoris, 438 
Comparison of twice daily and four times 
daily therapy with propranolol in angina 
pectoris, 478 
Reversal of propranolol induced 
myocardial depression during partial 
and total coronary occlusion by 
nitroglycerin, 437 
Prostacyclin 
Increased platelet prostaglandin 
generation and abnormal platelet 
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sensitivity to prostacyclin and 
thromboxane Az in angina pectoris, 
454 
Quantitation of platelet deposition in 
Gore-Tex femoral artery implants in the 
canine model and its reduction with 
dipyridamole and prostacyclin, 424 
Prostaglandin E4 
Beneficial hemodynamic and energetic 
effects of afterload reduction with 
prostaglandin E-1 in patients with 
severe chronic congestive heart 
failure, 438 
Prostaglandins 
Decreased shunt flow in acute ventricular 
septal defect using 
15-methyl-prostaglandin Fac as a 
pulmonary. constrictor, 462 
increased platelet prostaglandin 
generation and abnormal platelet 
sensitivity to prostacyclin and 
thromboxane Ag in angina pectoris, 
454 
Proteolysis 
Effect. of ischemia on myocardial 
proteolysis, 414 
Psychologic studies 
immediate psychological impact of 
exercise testing soon after myocardial 
infarction, 421 i 
Pulmonary atresia 
Pulmonary vascular bed (PVE) in patients 
with tetralogy of failot (TOF) with or 
without pulmonary atresia, 423 
Right ventricular growth in pulmonary 
atresia with intact ventricular septum, 
448 : 
Pulmonary constriction 
Decreased shunt flow in acute ventricular 
septal defect using 
15-methyl-prostaglandin Faw as a 
pulmonary constrictor, 462 
“Pulmonary function 
Pulmonary effects of a “‘cardioselective”’ 
beta blocker, 437 
Pulmonary valve stenosis 
“Pulmonary vasculature in pulmonary 
: valvar stenosis, 450 
` Pulmonary vascular bed 
Pulmonary vascular bed (PVB) in patients 
with tetralogy of fallot (TOF) with or 
i without pulmonary atresia, 429 
Puimonary vascular obstructive disease 
Truricus arteriosus with pulmonary 
vascular obstructive disease-—medical 
vs surgical management, 450 
Pulmonary veins 
Pulmonary venous regurgitation: etiology 
of hemodynamic deterioration during 
ventricular tachyarrhythmias and 
pacing, 457 
Pulsus alternans 
Pulsus alternans determined by 
biventricular simultaneous 
echocardiographic systolic time 
intervals, 476 
Purkinje fibers 
Electrophysiologic properties of normal 
neonatal and adult canine cardiac 
purkinje fibers, 431 
Q-T interval 
Management of paroxysmal ventricular 
tachycardia and fibrillation associated 
with the long QT syndrome, 458 
Q-T syndrome 
Afterpotentials as a cause of long QT 
syndrome?-—electrophysiological 
studies of a case,.472 
Quinidine 
Combination quinidine-digoxir: unique 


electrophysiologic changes produced 
in canine purkinie fiber, 428 
Digoxin-quinidine interaction: increased 
digoxin brain concentration, 453 
Onset and dose dependence of the 
digoxin-quinidine interaction, 413 
Quinidine decreases both renal and 
metabolic clearance of digoxin, 453 
Quinidine toxicity: an electrophysiotogical 
evaluation in cardiac purkinje fibers, 
428 ` 
Treatment of PVCs with tocainide, 
quinidine sulfate, and placebos,. 445 
Q waves 
Does location or late disappearance of Q 
waves after myocardial infarction 
: affect prognosis? 400 
Radiation therapy 
Heavy mediastinal radiation causing 
severe coronary narrowing in patients 
15 to 33 years of age: a poorly ; 
appreciated cause of coronary heart 
disease in young people, 476 
identification of subclinical cardiac 
abnormality 5-15 yrs. after therapeutic 
mediastinal irradiation. 475 
Radioimmunoassay 
An improved, rapid radioimmunoassay for 
individual human CK isoenzymes, 400 
Detection of elevated mitochondrial CK in 
plasma after infarction by a specific 
radioimmunoassay, 414 
Renai function ; 
Digoxin: the acute effects of vasodilator 
therapy on renal metabolism, 412 
Renin 
Sympathetic and renin response to 
orthostasis in congestive heart failure, 
433 
Renin-angiotensin system 
Is the vasoconstriction of chronic: heart 
failure related to the renin angiotensin 
system? 411 
R on T phenomenon 
Sudden death after myocardial infarction: 
runs of ventricular premature beats and 
R on T as high risk factors, 444 
Rubidium-82 
Infarction sizing and myocardial perfusion 
measurements using rubidium-82 and 
positron emission tomography, 399 
R wave 
Can intracardiac volume changes 
adequately explain R-wave variations 
associated with acute coronary 
ischemia? 477 
Sarcopiasmic reticulum 
Effect of antihypertensive therapy on 
calcium transport by cardiac 
sarcoplasmic reticulum of 
spontaneously hypertensive rats 
(SHRs), 490 
Scintigraphy 
See also Myocardial imaging: Nuclear 
medicine: Tomography 
Combined treadmill-scintiscar score to 
predict the presence and extent of 
coronary artery disease, 463 
Comparison of planar anc tomographic 
thallium-201 scintigrams following 
coronary vasodilatation with 
dipyridamole, 482 
Computer analysis of thaliium-201 
myocardial perfusion scintigraphy: 
circumferential mapping, 481 
Detection of muiltivessel disease by 
exercise thallium-201 scintigraphy, 482 
integrated format for multiple testing in 
coronary artery disease, 463 
Multiple gated acquisition thallium 


546 February.1980 The American Journal of CARDIOLOGY Volume 45 


scintigrams with computer 
enhancement: improved sensitivity in 
asymptomatic men with abnormal 
treadmill tests, 463 
Problems. with the definition of a normal 
tomographic thallium-201 perfusion 
scintigram, 481 
Thallium-201 exercise scintigraphy for 
detection of multivessel disease in 
patients with prior inferior myocardial 
infarction, 398 
Thailium-201 scintigraphic evidence of 
ischemia in patients with myocardial 
bridges, 482 
Thallium-201 stress myocardial 
scintigraphy: comparison of multiple 
pinhole tomography with planar 
imaging in the assessment of patients - 
undergoing coronary arteriography. 481 
Seattle Heart Watch 
Comparisons of the effects on survival of 
coronary artery surgery in subgroups of 
_ patients from Seattle Heart Watch, 418 
Shock, cardiogenic 
intra aortic balloon pump for shock 
complicating infarction. Factors 
influencing outcome, 452 
Shunts 
Contrast two-dimensional 
echocardiography in inter-atrial shunts, 
402 
Decreased shunt flow in acute ventricular 
septal defect using 
15-methy!-prostaglandin Foo as a 
pulmonary constrictor, 462 
Detection and quantitation of atrial shunts 
in adults by gated radionuclide 
angiography, 409 
Use of carotid artery flow (CAF) patterns 
as assessed by Doppler 
ultrasonography for the noninvasive 
evaluation of Blalock-Taussig shunt 
(BTS). patency, 429 
Sinus node 
Effects of hyperkalemia on sinus node 
function: sino-ventricular conduction 
and sino-atrial reentry, 425 
Spondylitis 
Early detection of aortic root 
abnormalities in ankylosing spondylitis 
by two-dimensional echocardiography, 
441 
Stimulation, cardiac 
Atrio-ventricular nodal “memory” studied 
by random atrial stimulation, 459 
Clinical incidence of tachycardia and 
ease of initiation during programmed 
electrical stimulation of the heart, 404 
initiation of sustained ventricular : 
tachyarrhythmias in a model of chronic 
infarction: importance cf the site of 
stimulation, 494 
Modification of ventricular tachycardia by 
procainamide, 452 
Non clinical polymorphic ventricular 
tachycardia induced by programmed 
cardiac stimulation: incidence and. 
clinical implications. 406 ; 
Repetitive beating after single ventricular 
extrastimuli: incidence and prognostic 
significance in patients with recurrent 
ventricular tachycardia, 407 
Responsiveness of atherosclerotic rabbit 
aorta to adrenergic and cholinergic 
stimulation, 454 
Sensitivity and specificity of programmed 
ventricular stimulation in patients with 
ventricular tachycardia, 407 
Termination of recurrent ventricular 
tachycardia by patient-activated rapid 
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The Irex System II M-Mode 
Echocardiograph 


The Irex System Il is a comprehensive non-invasive ultrasound 
cardiac diagnostic system. It features a fibre optic recorder that provides 
superb black and white tracings; a versatile, reliable and easy-to-operate 
echo module; and the optional Irex heart sound/pulse and respiration 
module, all in a rugged easy-to-maneuver console. 


Real Time 
Sector Scanner 


A completely integrated syste 
cardiac ultrasound diagnosis combining 
to-the-minute, 2-dimensional real į 
technology, proven M-Mode diagnostic c4 
bility and the optional Irex heart sound/p 
and respiration module, all in one comg 
mobile unt. 


The Irex System Il 
Echocardiograph 
Stress Test Optio 


M-Mode echocardiography 

stress testing in one convenient, cost e 
tive unit, offering the proven reliability o 
Irex System Il, with black and white reco 
complete M-Mode echocardiographic ¢ 
bility; fully integrated 3-channel ECG mo 
treadmill controller module and rugged q 
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o look at the heart. 


When you consider ultrasound cardiac diagnostic systems, consider 
Irex, the company that offers three ways to look at the heart, three 
distinct systems that offer superb technology, at an affordable price. 


First, the newest, most advanced system, the 
Irex Phased Array Real Time Sector Scanner. Packed into 
its trim, mobile cabinet is a dynamically focused phased 
array system delivering crisp, high resolution images; two 
derived M-Modes, plus a completely independent 
M-Mode channel; and, room to add a heart sound/pulse 
and respiration module. 

In short, the new Irex Phased Array Real Time 
Sector Scanner gives you all the measurements you need 
to perform a complete cardiac ultrasound study. All at a 
price that will pleasantly surprise you. 

Second, the proven Irex System |] M-Mode 
Echocardiograph System has a well-deserved reputation 
for performance and reliability. Since its introduction in 
1977, the Irex System Il has become one of the most 

widely used M-Mode echocardiography systems in the 
world. Its fibre optic recorder provides the clearest, most 
consistent tracings in the industry. The extremely versatile 
cardiac ultrasound module is highly sensitive for better 
definition of small anatomical structures, and the large, 
easy-to-view monitors aid in quick analysis. The optional 
heart sound/pulse module provides four channels: one 
each for respiration, heart sound, and pulse; and one for 
either heart sound or pulse. 

Third, the Irex System II Echocardiograph 
Stress Test Option, loaded with outstanding features for 
smooth, convenient operator control. The three-channel 
stress module offers a 12-lead diagnostic ECG, plus X, Y 
and Z with automatic lead I.D. Plus bright, easy-to-read 
digital displays of heart rate and elapsed time to quickly 
and accurately monitor patient progress. 

The automatic treadmill control module features 
fully automatic, operator selectable protocols, with man- 
ual interrupt for safety and maximum control. The tread- 
mill is full size, rugged and quiet. 

Irex: Three ways to look at the heart. With three 
outstanding Irex systems. Each is an outstanding addition 
to your hospital or clinic. Together, they give you the most 
complete ultrasound cardiac diagnostic center available. 
And all systems are backed by a responsive national 
network of factory trained service technicians. 

For more information, contact: Irex Medical Sys- 
tems, 114 Pleasant Avenue, Upper Saddle River, N.J. 
07458, (201) 327-5900. 
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ATL offers on-line real-time _ 


_ hardcopy images with M-mode 
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Made possible by unique digital electronics. Making our Mark III an integrated 
diagnostic system, not a stack of electronic boxes. Unlike analog processing, 7 
the ATL Digital Scan Converter captures the signal, however weak, and stores — 
it into memory. Once secured, its accurate reproduction in standard video 8 
format is continuously assured. Thus digitized, its wide range of grey scale 
display offers greater diagnostic utility. 
You get line and flicker free images of the moving heart, capturable in 
freeze-frame, adjacent to a sharp black on white M-mode. Same intracardiac 
Structure. Printed on the same paper. The payoff is a logical integration of 
i the two modes, easy to read hardcopy, easy to handle, for a clear i interpretation 
and report. 
Doctor and system interact. Segments of the study may be dealt with and 
perfected without disturbing the whole. Adequate data is obtainable during the first 
patient examination, saving valuable time. Serial studies are assured consistent data. 
Graphics or alphanumerics can be super-imposed. Unique with the Mark Ill, voice can be recorded 
during freeze-frame. The study may be taken off line for display or computer processing. 
The ultimate payoff is tomorrow. Digital is the future. Because, with digital, growth is 

from within. State-of-the-need today, the system will grow with your needs 
and new technology. It’s what the world is coming to. And, more and 4 | 
more, the world is coming to ATL for advanced instrumentation. g 
Advanced Technology Laboratories. 13208 Northup Way, Bellevue, | | 
WA. 98005 (206) 641-5410. ultrasound 
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: ventricular stimulation, 457 
_ Stress testing 
cs Ergonovine stress test: a provocative test 
for diffuse esophageal spasm or 
: variant angina? 440 
-Stroke volume 
Pulsed echo Doppler measurements of 
beat to beat changes in stroke volume 
i in dogs, 437 
$-T segment 
Body surface distribution of ST 
depression during exercise testing in 
patients with coronary artery disease, 
469 
Long term followup of patients 
manifesting severe ST depression 
during maximal Bruce exercise testing 
and having angiographically normal 
coronary arteries, 419 
Subaortic stenosis 
Discrete subaortic obstruction: 
two-dimensional echecardiographic 
features, 434 
Subaortic stenosis: a thirty year 
a experience, 449 
: Sulfinpyrazone 
Holter 24 hr recordings in- post MI 
patients in double blind treatment with 
o gulfinpyrazone, 445 
Sulfinpyrazone decreases vein graft 
occlusion in patients following 
“cc. Coronary artery bypass surgery, 425 
~ Surgery 
Complete aortic root and valve 
replacement with reimplantation: of the 
coronary arteries? solution to tunnel 
obstruction, 488 
Congestive cardiomyopathy patients as 
heart-transplant recipients, 488 
Hypertrophic obstructive 
cardiomyopathy— 19-year postsurgical 
survivorship, 489 
Long-term survival for 184 patients with 
treated aortic dissection, 489 
Pulmonary embolectomy, 488 
Resection of ventricular aneurysm 
modified by electrophysiologic 
assessment in patients with intractable 
ventricular tachycardia and left 
ventricular aneurysm, 417 
Surgical relief of myocardial ischemia 
due to myocardial bridges, 417 
Surgery, aortocoronary bypass 
Comparisons of the effects on survival of 
coronary artery surgery in subgroups of 
patients from Seattle Heart Watch, 418 
Effect of crossovers on estimates of 
survival in medicaily treated patients 
with coronary artery disease, 455 
Effects of coronary artery bypass surgery 
versus medical therapy on wall motion 
abnormalities, 419 
Effects of intra-aortic balloon diastolic 
augmentation and nitroprusside on 
postoperative regional left ventricular 
function, 432 
Evaluations of pre- and postoperative 
myocardial perfusion by thallium 201 
graded exercise testing, 456 
Exercise ejection fraction diminishes after 
recovery in postoperative 
aortocoronary bypass patients, 420 
Hemodynamic effects of intact human 
pericardium after coronary bypass 
surgery, 417 
Improved longevity following coronary 
artery bypass (CAB) surgery: is it real 
or is it an illusion? 418 
influence of bypass surgery on mortality 
and morbidity in stable angina: a 


prospective randomized study, 455 
Long-term results of coronary artery 
bypass for unstable angina: mortality, 
myocardial infarction and angina, 419 
Medical vs. surgical therapy: quality of 
life after 5 years, 418 
Release of MB creatine kinase following 
coronary artery bypass grafting in the 
absence of myocardial infarction, 416 
Residual lesions after coronary bypass: 
an important variable affecting late 
survival, 418 
Sulfinpyrazone decreases vein graft 
occlusion in patients following 
coronary artery bypass surgery, 425 
Treatment of anterior transmural 
myocardial infarction in man with and 
without early reperfusion, 417 
Use of noninvasive clinical parameters to 
characterize prognosis in patients with 
angina pectoris, treated medically or 
surgically, 456 
Surgery, pediatric 
Can ejection fraction be measured 
non-invasively in children after 
ventricular septal patching? 468 
Cardiac rhythm after the Mustard 
operation for transposition of the great 
arteries, 430 
Cor triatriatum (subdivided left atrium) 
anatomy, hemodynamics, surgery, and 
late followup of twenty-one patients, 
450 
Early failure of porcine vaives implanted 
in children, 449 
Electrophysiologic consequences of 
Mustard repair of transposition of the 
great arteries, 430 
Extended result after operation for 
congenital aortic. stenosis, 449 
Hemodynamic results of repeat 
valvulotomy for aortic stenosis in 
children, 449 
intraatrial repair of transposition of the 
great arteries in infancy, early and late 
results, 448 
Late results of reconstruction of the right 
ventricular outflow tract with valved 
external conduits in children, 448 
Management of the infant with 
coarctation of the aorta and ventricular 
septal defect, 450 
Pulmonary vasculature in pulmonary 
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-IS Bypass Grafting Indicated for All Patients With 





_ Atherosclerosis of the Left Main Coronary Artery? * 


HENRY D. MCINTOSH, MD, FACC 


`u ROBERT A. BUCCINO, MD; FACC 


Lakeland, Florida 


& -Aortocoronary bypass grafting has been demonstrated 


. _ to relieve the symptoms of angina pectoris and to en- 
hance the functional capacity of many patients. It is not 
_. surprising that the procedure continues to gain popu- 


_ larity as a means of treating atherosclerotic occlusive 


2 disease of the coronary arteries. However, the benefits 
of surgery are not always long-lasting and, except for 
-< selected subsets of patients, it has not been generally 


- accepted that premature death may be postponed or 


: prevented. t+? One such exception, as reported by Loop 
-et al.? in the August 1979 issue of the Journal appears 
~ to embrace patients with stenosis of the left main cor- 
onary artery. 
_ What is critical stenosis of the left main coronary 
< -artery?: Loop et al.? describe 300 cases of surgically 
treated patients collected retrospectively on the basis 
of arteriographic demonstration of 60 percent or greater 
~ obstruction of the left main coronary artery. The long- 
term follow-up data in these patients were compared 
with findings in “control populations” in previously 
reported studies. At first glance, such a comparison 
appears reasonable because there is considerable evi- 
dence that, as a group, patients with stenosis of the left 
main coronary artery have a very poor prognosis. But 
what constitutes critical stenosis of this artery? Do all 
patients with such stenosis constitute a homogeneous 
subset with respect to clinical course? What variables, 
in addition to the stenosis of the left main coronary ar- 
tery, influence the prognosis of such patients? 

Loop et al.° accepted more than 60 percent obstruc- 
tion as significant. In the Veterans Administration 
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randomized trial‘ the criteria employed were a reduc 
tion in luminal diameter of 50 percent or greater; £ 
similar degree of stenosis was used to identify the study 
population of Campeau et al.° But Conley et al.“ found 
crucial only lesions that compromised the lumen of the 
left main coronary artery by at least 70 percent. As _ 
noted by Loop et al.,? as well as by others, 1256 signifi 
cant obstruction confined to the left main coronary 
artery is relatively uncommon. In the series of Loop et 
al.? only 38 patients (12.7 percent) had such an isolated 
lesion. More commonly, significant obstruction of the 
left main coronary artery occurs in various combinations a 
with occlusive disease in one or more of the other major 
coronary arteries; often there are multiple lesions dis- 
tributed diffusely throughout the coronary arterial 
tree. 
Prognosis of subsets of patients with left main 
coronary disease: There is increasing evidence that __ 
patients who have atherosclerotic lesions in the left _ 
main coronary artery do not constitute a homogeneous 
population.!> Conley et al.® concluded that “although —_- 
the prognosis for the overall group of patients with left — 
main stenosis is undoubtedly grave, the prognosis for. 
individual patients must vary.” These investigators 
carefully studied and prospectively followed up patients 
with 70 percent or greater stenosis of the left main cor- 
onary artery (most of whom had in addition a 70 percent 
or greater stenosis in all three other major vessels), They 
concluded that survival was considerably better for 
periods of up to 3 years when none or at most one of the 
following clinical characteristics was present: history 
of congestive failure, chest pain at rest, cardiomegaly 
on chest X-ray examination and ST-T wave changes in 
the electrocardiogram at rest. In addition, they found 
that several factors—abnormal left ventricular con- 
traction patterns, arteriovenous oxygen difference of 
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5.5 volumes percent or greater or a left ventricular 
end-diastolic pressure of 15 mm Hg or greater—were 


© associated with an increased mortality at 1 year. 


Campeau et al. analyzed the survival of 114 patients 
who did not undergo operation and 197 surgically 
treated patients who were followed up for up to 7 years. 
The benefits of surgery were found to be greatest when 
the patient had significant lesions in a dominant right 
coronary artery in addition to stenosis of the left main 
coronary artery. These investigators concluded that 


“patients with slight to moderate impairment of left 


` ventricular contraction tend to have an improved sur- 
= yival following surgery, but there is no definite evidence 
that patients with normal or with markedly abnormal 
left ventricular functicn have the same benefit from 
surgery.” They further concluded that in studies 
“without randomization of patients the difference in 
survival may be explained by obvious or undetected 
differences between cohorts.” 

In-view of such evidence it is surprising that Loop et 
al.? failed to distinguish more significant differences in 
survival among their anatomic subgroups or between 
their patients with and without left ventricular dys- 
function. It is unclear whether the lack of such differ- 
ences is due to the method by which their patients were 
selected for surgery or to a failure to compare their pa- 
tients with nonsurgically treated patients with similar 
abnormal findings. 

Oa the basis of personal experience and a careful 
analysis of reported studies +8 we believe that patients 
with stenosis of the left main coronary artery should 
be classified into three groups; (1) those who are clini- 
cally symptomatic and are at great risk because of the 
severity of the stenosis of the left main coronary artery; 


(2) those who are clinically symptomatic and at great - 


risk because of the extent of disease in other vessels but 
who also happen to have arteriographic evidence of 
occlusive disease of the left main coronary artery; and, 
(3) those who are neither severely symptomatic nor at 
great risk but who have stenosis of the left main coro- 
nary artery almost as an incidental arteriographic 
finding. Variations in the proportion of each type of 
patient distributed among surgically treated and non- 
surgically treated cohorts might profoundly influence 
the cbserved outcome and lead to incorrect conclusions 
regarding the benefit or lack of benefit of surgery. 
Role of completeness of revascularization: It is 
also surprising that Loop et al.° found that the “com- 
pleteness of revascularization” had little impact on 
survival after surgery. Only 140 of their 300 patients 
were said to have “complete” revascularization; the 
remaining 160 had “incomplete” revascularization. Yet 
there was no significant difference in the 5 year survival 
rate {91.6 versus 86.5 percent) of the two groups! This 
observation is particularly surprising in view of the 
extent of the atherosclerotic involvement observed in 
the study population. The number of grafts per patient 
in this study was not stated but the data supplied for the 
follow-up angiographic studies suggest that the patients 
received two or fewer grafts despite the severity and 


diffuseness of their disease. Does such demonstration 


of obviously incomplete revascularization in a large 
percent of patients whose survival was no poorer than 
that of patients with complete revascularization mean 
that a large number of patients destined to do well 
anyway were operated on? Does it support the concept 
that patients with left main coronary artery stenosis of 
the left main coronary artery form several subsets of 
patients with widely varying prognoses? Or does it 
challenge, as did the study by McNeer et al.,” the cur- 
rent philosophy regarding the need for “complete” re- 
vascularization? 

Identification of patients at low versus patients 
at high risk: There can be little doubt that coronary 
bypass surgery postpones premature death in a signif- 
icant number of patients with stenosis of the left main 
coronary artery. Why, then, should there be concern 
about distinguishing between patients with this ana- 
tomic finding who are at great risk and those who are at 


- low risk? There are two reasons. First, consider that all 


patients with arteriographic significant stenosis of the 
left main coronary artery were at great risk of premature 
death unless operated on, regardless of their symp- 
tomatic state or left ventricular function. If this were 
true, massive screening with coronary arteriography of 
large segments of the population would be in order to 
identify such patients. Epstein et al.? recently analyzed 
“the profound economic implications of such screening 
studies.” They provided a rational and restrained 
strategy for the use of bypass surgery in the asymp- 
tomatic or mildly symptomatic patient with particular 
reference to patients with stenosis of the left main cor- 
onary artery. 

Second, identification of a low risk cohort with ste- 
nosis of the left main coronary artery is indicated be- 
cause there is reason to suspect that there may be a 
proper time in the natural history of the disease in which 
surgery, if indicated, is best performed. Such a consid- 
eration is warranted because surgery is not completely 
innocuous; there is an operative risk, albeit small. Fur- 
thermore, the long-term patency of grafts and the ef- 
fects of surgery and the grafts on the native circulation 
have not been clearly established.!8 This lack was not 
corrected by observations reported by Loop et al. They 
studied 51.4 percent of their patients 1 week to 72 
months after operation (mean 16.5 months). They did 
not state how the patients were selected for postoper- 
ative evaluation. Although they reported that 84 percent 
of the grafts were patent, they did not indicate at what 
time after operation the evaluation was made. They also 
made no comment about changes in the native circu- 
lation. 

To avoid introducing bias in patient selection when 
determining graft patency or changes in the native cir- 
culation it is necessary to study, in a predetermined 
manner according to the issues the investigator is 
seeking to resolve, a large proportion of consecutive 
patients treated surgically. Unfortunately, the fre- 
quently quoted studies that claim an 80 percent or 
higher patency rate™!! and no significant effect on the 
native circulation’?! were not based on studies of a 
large proportion of patients consecutively operated on. 
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_ The currently available knowledge regarding long-term 

_ graft patency and the effects of surgery on the native 
circulation is sketchy and fraught with overt and po- 
tential selection bias.‘ It is somewhat like the infor- 

_ mation that the clinician may obtain about the liver by 

means of a needle biopsy; the sample may or may not 
- be representative of the whole. 

. Implications of study by Loop et al.: At first glance 
“the study of Loop et al.® appears to establish that sur- 
vival is prolonged by surgery in patients with stenosis 

of the left main coronary artery; on closer analysis it 
raises at least two important questions: (1) Does sig- 
nificant stenosis of the left main coronary artery occur 
in patients who are destined to do well even with in- 

= complete surgery? Is there not a subset of patients with 
this lesion who are at low risk? If so, until knowledge 
about the long-term effect of surgery is more complete, 
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is surgery, or at least immediate surgery, indicated for 
such patients? (2) The study raises an even more fu 
damental question: To what extent is the effect of sur- 
gery in postponing premature death in any patient de- 
pendent on the degree of completeness of revascular- 
ization? 

Until these and other questions regarding the long- 
term effects of bypass surgery are clearly answered th 
physician is cautioned to keep an open mind and cor 
sider that even patients with stenosis of the left main 
coronary artery may constitute a heterogeneous group 
of patients whose prognosis may vary widely. Until the 
natural history of patients with this lesion is mo: 
carefully defined and the role of surgery clarified it 
would not appear prudent to initiate large-scale 
screening efforts of asymptomatic patients to search for 
this lesion for the purpose of immediate surgery. 
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-Hard and Soft Data on Treatment of Left Main Coronary Lesions* 


== FLOYD.D. LOOP, MD, FACC 
“BRUCE. W. LYTLE, MD 
> WILLIAM C. SHELDON, MD, FACC 


Cleveland, Ohio 


Survival in patients with left main coronary 
disease: A grim natural history for patients with doc- 
umented left main arterial lesions is clearly evident from 
virtually all published reports. Longer survival through 


=<- surgical treatment was first recognized in these patients 


largely because their plight with medical treatment was 
worse than that of other groups. In 1975 Lim et al} 


| surveyed 141 such patients who had undergone coronary 


arteriography in 1963 to 1965. They reported a 51 per- 
< cent 5 year cardiac mortality rate. More recently, Lim 
_» (unpublished data) found a 5 year mortality rate of 54 
percent for 120 of the original 141 patients who had 
more than 60 percent right coronary arterial narrowing 


~~ compared with a 38 percent mortality rate for the re- 


maining 21 without a severe right coronary lesion. In 
their series, patients who would have been eligible 


< -` gurgical candidates were also selected retrospectively; 


of 116 prime candidates the outlook was no better and 
only 51 percent were alive after 5 years. Oberman et al.” 
reported a 2 year survival rate of 65 percent in 24 pa- 
tients eligible for surgery but treated medically. The 
“Veterans Administration? stopped their controlled 
study of left main coronary obstruction after 53 patients 
in the medical cohort experienced a 36 percent 30 month 
> mortality rate, a percentage considered too high to 


aS justify further randomization. Campeau et al.4 sug- 


gested that earlier reports of left main coronary lesions 
may have been grossly exaggerated, but overall their 


i series of medically treated patients had a 49 percent 5 


year survival rate. Incidentally, they found no appre- 
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ciable difference in survival between those treated 
conservatively in 1968 to 1971 compared with those so 
treated in 1972 te 1976. These and many other reports 
attest tothe fact that the fate of patients with severe left 
main coronary lesions is no better and possibly worse 
than that of patients with three-vessel disease (that is, 
50 percent attrition in 5 years). 

Recently, Conley et al.5 renewed interest in patients 
with left main artery disease. By multivariate analysis, 
they identified high and low risk subsets which revealed 
disparate 3 year survival rates of 74 and 25 percent, re- 
spectively. In those with no risk factors or only one, the 
1 year survival rate (approximately 97 percent) was 
especially favorable, but thereafter the slope of the 
comparative actuarial curves was similar. As these in- 
vestigators point out, separation of patients with left 
main coronary artery disease into low and high risk 
groups adds flexibility to management so that patients 
can be well prepared and surgery deferred, if necessary, 
for a short time. 

Surgical series dealing with late follow-up of patients 
with left main coronary disease are derived from 1970 
to 1974. Before that period insufficient experience led 
to high mortality rates. After 1975, use of cold potassium 
cardioplegia combined with systemic or topical hypo-. 
thermia, or both, vastly improved myocardial protec- 
tion. Technical experience, higher quality angiography 
and greater respect for timing surgical intervention have 
contributed to greater safety and less morbidity. Our 
first 300 surgically treated left main patients were op- 
erated on in the earlier period (1968 to 1973).6 The 
actuarial 5 year gross survival rate was 88.2 percent. 
Approximately two thirds of the patients had greater 
than 60 percent narrowing of the right coronary artery 
and their survival rate was 85.3 percent compared with 
89.3 percent for those without significant right coronary 
arterial obstruction. 





* Editorials published by the Journal reflect the views of the authors and do not 
necessarily represent the views of the Journal or of the American College of Cardiology. 
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In the Montreal experience‘ the difference between 
surgical and medical survival rates reached statistical 
significance (80 versus 49 percent in 5 years). However, 
in the smaller cohorts without right coronary stenosis, 
-+ the 92 percent surgical survival rate was not significant 
- despite a 68 percent medical survival rate. Regardless 
of statistical validation, a perceptible trend exists. 
_ Bailar’s laws of data analysis’ remind us that statistics 
should not tell people what to do. The function of data 
_ analysis is to indicate as accurately as possible what it 

is possible to accomplish. Although the Montreal in- 
-vestigators found that surgical results were optimal 

when the preoperative ejection fraction was between 
0.45 and 0.59, the authors’ intent was not to advocate 
strict medical management for all patients whose ejec- 
tion fraction falls above and below these levels. In our 
‘series, as in theirs, the evolution of surgical technique 
. and experience greatly contributed to the difference in 
survival between patients who were and were not 
treated surgically. 

Graft patency: Concern that a third or more of grafts 
“may close in the first 5 years has not been borne out in 

-the published reports. In near consecutive patients 
-studied serially at 2 to 3 weeks, 6 to 18 months, 3 years, 
- and 5 to 7 years postoperatively, Campeau et al.8 dem- 
onstrated a lack of progression of graft intimal fibrosis 
and a low graft attrition rate after the 1st year. In 100 
patients who had at least one graft patent 6 to 18 
: months postoperatively, only 17 of 159 grafts were oc- 
cluded during the subsequent 5 year interval; these data 
_ yield an average yearly graft attrition rate of 2.1 percent 
after the Ist year. The Montreal group attributed im- 
provement in graft patency to changing graft techniques 
in a second series in which the mean yearly graft attri- 
tion rate was 0.7 percent after the first postoperative 
study. Kouchoukos et al. reported a 1 year graft pat- 
ency rate of 76 percent in their 1970 to 1973 experience 
compared with a rate of 85 percent for patients operated 
on in 1974 to 1976. They also recorded a low mean an- 
nual attrition rate of 1.7 percent between 12 and 42 
months postoperatively in 116 grafts that were initially 
patent. Guthaner et al.!° reported that 26 patients had 
39 grafts open at 1 year and 87 percent of these grafts 
were patent 6.5 years later. They concluded that graft 
occlusion could not be predicted on the basis of early 
arteriograms. Lawrie et al.!! reported that 1 of 38 grafts 
studied between 15 and 40 months postoperatively had 
closed and among 193 grafts studied after a mean in- 
terval of 70 months postoperatively, 90.7 percent were 
patent.?? 

Our serial studies!® were confined to patients oper- 
ated on in 1971 to 1973. Of 144 vein grafts, 85.4 percent 
were patent at the initial catheterization (mean 14 
months). Of 123 grafts initially open, 109 (88.6 percent) 
remained patent during a mean interval of 42 months 
between first and second catheterizations. Thus, 11.4 
= percent of grafts closed after a mean interval of 3.5 years 
resulting in a cumulative vein graft patency rate of 76 
percent at approximately 5 years. Since our 1977 In- 
ternational Symposium,'4 we have updated figures for 
471 patients who had 646 vein grafts studied longer than 
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48 months postoperatively and found an 81.1 percent 
patency rate. In contrast, 88 internal mammary artery 
grafts, predominantly to the left anterior descending 
coronary artery, had a 94.4 percent patency rate after ~ 
48 months, For grafts patent at 1-year there appears to 
be a low incidence of graft failure and development of 
late stenosis during the first 5 postoperative years. 
Graft sclerosis: Aortocoronary vein 
immune to atherosclerosis, a finding 
tayias,!> Grondin!® and Lawrie!2. end t 
Correlation between hyperlipemia and vein graft a 
erosclerosis differs in these reports. Nevertheless, grafts i 





with perceptible focal stenosis observed several ears o 


after operation are more prone to late occlusion pre- 


sumably from atherosclerosis than are those with diffuse 
narrowing. In the series of Grondin et al..!° 138 of 158 
(85 percent) of grafts patent 6 years. after operation — 
showed no angiographic evidence of atherosclerosis. —_ 





Therefore, the passing of time alone does not necessarily ; 
lead to atherosclerosis. Again, the problem involves — 


- identification of those who are susceptible to progressive 


atherosclerosis and to development of atherosclerosis : 
in the conduit. : 
Effects of graft on the native coronary cirewla: 
tion: Only one long-term serial catheterization study 
has addressed the effects of grafts on the native coro- 
nary circulation. Bourassa et al.!7 in serial catheter- 


izations of 108 patients concluded that during the Ist- — 
postoperative year progression of disease occurred two 


to five times more frequently in grafted than in non- 
grafted coronary arteries, and that occlusion occurred © 
predominantly in the segment proximal to the graft: 
Progression at the site of anastomosis was infrequent. 
and atherosclerosis distal to the graft showed little 
progression. As one might expect, the nongrafted artery © 


showed slight progression in the Ist postoperative year . 


but, thereafter, progression increased to involve 46 


percent of all nongrafted vessels when minimal ath- — - 


erosclerosis was observed preoperatively. A fascinating 
observation was mentioned by Bourassa,!® that pro- 


gression of atherosclerosis seemed to occur abruptly at 26 


one point in time and was not slowly progressive. The 


concern that the saphenous vein bypass grafting will S 
accelerate coronary atherosclerosis has relatively little 


justification in light of these studies. 

“Complete” versus “incomplete” revasculariza- 
tion: The effect of more grafts per patient on survival 
remains unanswered. In reports of surgical series in 1970 
to 1974, the number of grafts per patient clusters around 
2.0. Today, enhanced myocardial protection and im- 
proved grafting techniques have greatly contributed to 
a rise in number of grafts per patient to 3.0 or greater. 
Does grafting smaller radicles of obstructed coronary 
arteries appreciably alter survival? This question is 
unanswered and thus far no data have been reported 
about long-term patency in multiple small vessel an- 
astomoses. The simplistic definition of complete or total 
revascularization relies on the ratio of arteries grafted 


to arteries severely obstructed. When all the severely a 


narrowed arteries received bypass grafts, the case was 
classified complete. If not, regardless of the cause, the 


alts arenot 
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‘procedure was considered incomplete. This definition 
doesnot take into context (1) graft patency; (2) presence 


of transmural infarction scars; (3) area perfused by the 


target vessel; and (4) size of the artery. An incomplete 


- operation should not imply that the surgeon became 


tired and stopped grafting. Instead, it means that the 
stenetic yet ungrafted arteries were too small or too 
diffusely atherosclerotic or they perfused a large scarred 
area. In the early 1970's, our incidence of complete re- 
vascularization as defined earlier varied between 50 and 
60 percent, whereas it was 82 percent in 1978. Buccino 
and McIntosh!® report that between 1968 and 1973 the 
- percent of arteriographically identified diseased arteries 
¿that were bypassed rose from 40 to 84 percent. None- 
- theless, in our series of patients with left main coronary 
artery disease,® complete revascularization did not make 
a substantial impact on 5 year survival. However, in our 
1971 to 1973 composite of isolated revascularization, 
which included single vessel disease,!* patients who had 
complete and incomplete revascularization showed a 
5.8 percent difference in 5 year survival. 
Implications: If it is true that fewer people die from 
coronary atherosclerosis today, this is truly cause for 


celebration. But before we enthusiastically embrace the 
decrease in prevalence of atherosclerosis, we should be 
reminded that no data exist to indicate any change in 
the natural history of documented coronary athero- 
sclerosis once critically obstructive lesions develop. In 
any group of patients with coronary artery disease, in- 
cluding those with lesions of the left main coronary ar- 
tery, there are persons destined to survive without re- 
vascularization. The problem lies in accurate identifi- 
cation of those patients who have protective factors in 
their clinical profile. For the individual patient, the 
survival rate at the end of a specified period is either 0 
or 100 percent. Therefore, we rely on the reported out- 
come of subsets or groups to advise our patients about 
the best direction of treatment. Thus far, no subset of 
patients with left main coronary lesions, including the 
low risk group of Conley et al,® has a better survival than 
that of our surgically treated patients. Present hard 
survival data support the contention that surgical 
treatment, at least for the first 5 postoperative years, 
is significantly better than medical treatment alone. 
When one adds symptom relief to the assessment. of 
therapy, the role of surgery is abundantly clear. 
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LETTERS TO THE EDITOR 


"SCINTIGRAPHY IN NONTRANSMURAL MYOCARDIAL 
Be: INFARCTION 


¿Massie et al.! in their paper on scintigraphy in the diagnosis 


z -of nontransmural myocardial infarction puzzle over finding 
_-a diffuse pattern with almost equal frequency in patients 


-> thought to have nontransmural infarction and in those with 
«stable angina. The implication is that the pattern does not 
< distinguish between two very different pathophysiologic 
"processes. Another explanation is as likely: Patients desig- 
nated as having nontransmural infarction and those said to 
have angina were in fact indistinguishable because they suf- 
fered from the same events; that is, some of the patients in the 
group with nontransmural infarction in fact had angina. The 
diagnosis of nontransmural infarction was made on the basis 
-iof inverted T waves for at least 48 hours without Q waves. I 


< am not at all convinced that this signifies infarction. It may 


be that the definition of nontransmural infarction is just as 
“diffuse” as the radionuclear pattern. 

Neil D. Ravin, MD 

Division of Biology and Medicine 
Brown University 

Providence, Rhode Island 
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REPLY 


We agree that the clinical spectrum of myocardial ischemic 
events represents a continuum from brief exercise-induced 
< episodes of angina pectoris to extensive transmural myocardial 


-> infarction. Certainly some patients with severe or unstable 


angina may have necrosis; conversely, some with electrocar- 
diographic evidence of nontransmural infarction may have 
experienced ischemia without necrosis. Some overlap between 
patients with unstable angina and nontransmural infarction 
is to be expected, and has been demonstrated by both creatine 
kinase assays and pyrophosphate scintigraphy.! 

However, we do not feel that such overlap was present in 
our patient groups. We employed a standard and highly spe- 
cific definition of nontransmural infarction, which required 
both the presence of persistent electrocardiographic changes 
and abnormal levels of MB-creatine kinase. The appearance 
of MB-creatine kinase appears to be highly specific for myo- 
cardial necrosis.!3 The patients with angina were all symp- 
tomatically stable, had no electrocardiographic changes sug- 
gestive of acute ischemia or necrosis, and had normal serum 
enzyme levels. In addition, none had pyrophosphate uptake 
that could be localized to the myocardium. Taken together, 
these findings make necrosis unlikely. 

On the other hand, the scintigraphic findings in these pa- 
tient. groups indicate that the diffuse pattern of pyrophos- 
_ phate uptake was not specific for acute infarction in our study. 
This finding is consistent with our previous experience, in 
which we noted diffuse uptake in a similar proportion of pa- 
tients without evidence of cardiac disease undergoing routine 
bone scans.‘ As a result, we do not consider seintigrams with 
this pattern diagnostic of infarction. More perplexing and 





clinically more important than the presence of diffuse uptake 
in a low percentage of patients from all these groups is the 
overall low sensitivity of pyrophosphate scintigraphy in these 
patients with well documented nontransmural! infarctions: I 
was this latter observation that led us to report our find 
ings. z 
Barry Massie, MD 
Elias Botvinick, MD. 
Jeffrey Werner, MD 
Kanu Chatterjee, MD 
William Parmiey, MD 
University of California 
San Francisco, California: 
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CORONARY ARTERIOGRAPHY FOR WHOM? 


Effler and Gensini! state that coronary catheterization 
“should always be recommended unless a specific contrain- 
dication exists.” This policy would subject every patient with 
coronary artery disease to cinearteriography. The advocacy 


of such indiscriminate testing of large segments of our adult 


population runs counter to. the valuable lessons we have 
learned in other areas of medicine. To cite just one example, 
advocacy of intravenous pyelography for every hypertensive 
patient is no longer practiced because the clinician learned 
that the information to be gained did not, in any way, modify — 
effective patient management. Yet we are now being asked to SS 
subject patients with chest pain to a technique several orders 
of magnitude more dangerous and costly than intravenous 
pyelography, without firm evidence of benefit. 

The authors’ insistence on the patient’s “right to know” is 
admirable, but it is surprising that they are so arbitrary inthe 
application of that principle. For example, the patient should 
be informed that catheterization nearly always leads to surgery 
despite public protestations of some surgeons to the contrary, 
He should be informed of the lack of convincing evidence that 
coronary bypass surgery prolongs life and that, despite 11 
years of such surgery in nearly 500,000 people, much uncer- 
tainty prevails among thoughtful physicians as to its role in 
the management of coronary artery disease. He should also 
be informed that significant morbidity and mortality are as- 
sociated with this operation and that medical programs have 
increasingly improved and now afford excellent control of 
angina and enhance life expectancy. 

It is incumbent on practicing physicians not to be stam: ` 
peded into this type of merchandising of medical technology 
because of its burgeoning popularity among some surgeons 
and angiographers. Nor should we be propelled in such an 
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unreasonable direction by fear of litigation. If we pursue such 

a policy instead of focusing precisely on the specific and im- 

mediate needs of the individual patient, we stand in jeopardy 

of furthertarnishing our image in the eyes of an already ques- 
tioning public. 

Peter R. Kowey, MD 

Department of Nutrition 

Harvard Schoo! of Public Health 

Peter Bent Brigham Hospital 

Boston, Massachusetts 
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REPLY 


Gensini and I believe that selective coronary arteriography 
is the most precise form of diagnosis available for ischemic 
heart disease. Properly utilized it excludes the presence of the 
disease if this is the case; if a myocardial perfusion deficit 
exists it offers precise localization and helps in determining 
the needs of the individual patient. If Kowey can come up with 
any ether diagnostic adjunct that will offer this same amount 
of information at negligible risk to the patient and modest cost 
I would very much like to hear more about it. 

The statement that bypass graft surgery inevitably follows 
coronary arteriography is without basis in fact. In 1978 the 
cardiovascular laboratory at St. Joseph’s Hospital Health 
Center under the direction of Gensini performed selective 
coronary arteriography in more than 700 patients without 
mortality. During that year 330 patients were operated on for 
various forms of acquired heart disease; 260 patients were 
operated on primarily for revascularization surgery. Thirty- 
two of these patients had catheterization performed elsewhere 
before surgical referral. By simple arithmetic, this breaks 
down to about 30 percent of the total patients studied 
undergoing revascularization surgery. 

It is a basic ethic of medicine to advise every patient of his 
options in diagnosis and therapy. This ethic was not of our 
invention but it is a reality today. In this regard I suggest that 
one might consult some of the private practitioners who come 
to Peter Bent Brigham Hospital and ask them specifically 
about “informed consent,” “second opinion” and the current 
cost of malpractice insurance. 

Donald B. Effler, MD, FACC 
St. Joseph's Hospital Medical Center 
Syracuse, New York 


MEDICAL JOURNALS AND RANDOMIZED TRIALS 


Although I respect the objectives and the reasoning of the 
authors of the group letter by Spodick et al.,! I hope the editors 
and reviewers they address will consider carefully before 
heeding their plea, which is based on a faulty analogy. Surgical 
progress entails not only new ideas and new techniques that 
can be worked out to some extent in the laboratory, but also 
often fortuitous clinical opportunities provided by unique 
pathologic processes. And surgical successes, particularly with 
new operations, depend on teamwork and attention to vital 
details which must be developed to some extent by experience. 
One eannot dispense one tumor removal as one dispenses one 
tablet. 
Improvements in surgical technique also take time to be- 
come effective. Actuarial survival at 5 years after coronary 


bypass surgery at the Buffalo General Hospital has risen from 
85 percent in the first 362 uncomplicated cases to $4 percent 
in the 1,050 cases of patients who had surgery between 1973 
and 1977 (p <0.0002). Randomization in the first clinical trial 
may lead to an underestimate of surgical potentia’. 

A more important consideration is the matter of size. Well 
organized careful randomized trials?“ of coronary bypass 
surgery done in a single institution have still not demonstrated 
prolongation of survival on statistical analysis. These failures 
come not from lack of skill in selection of patients or perfor- 
mance of surgery, but because the numbers involved are too 
small to validate statistically the small differences m survival 
noted at 5 years. 

Size problems can be overcome by cooperative trials in- 
volving many institutions, but here randomization from the 
first case is clearly impossible. In retrospect one can argue that 
the Veterans Administration cooperative study of coronary 
bypass surgery, for all it has taught us, might well nave been 
delayed even beyond its second start in order to allow the 
development of a higher and more uniform level of surgical 
skill. Had it not been handicapped by a high early mortality 
rate, the advantages of surgery for survival might have ap- 
peared earlier. — 

I hope this letter will not be construed as a plea against 
randomized trials. My plea is that the editors and reviewers 
of this Journal continue to review each paper on its merits, 
rather than take the position that if it isn’t randomized it isn’t 
publishable. Otherwise many good surgical papers will be lost 
to this Journal. 

David G. Greene, MD, FACC 
State University of New York at 
Buffalo School of Medicine 

and 

The Buffalo General Hospital 
Buffalo, New York 
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REPLY 


Greene has taken issue quite reasonably with the plea for 
equal standards for medical and surgical treatment. I think, 
however, that his points can be rebutted equally reason- 
ably. 

We implied no “faulty analogy” between surgical treatment 
and the administraticn of a tablet. Our point derives from 
principle, rather than analogy——the principle of equally valid 
standards for judging both the results of and the indications 
for all treatments. Indeed, our particular concern derives from 
particular differences between medical and surgica: therapy: 
Unlike pills and injections you cannot discontinue or-withdraw 
most surgical treatments. Hence, surgical rearrangements of 
tissue require particular stringency in assessing whom they 
help and whom they hurt. Traditional trial and errer just will 
not do. 

Developing experience certainly improves operative tech- 
nique. It is reasonable to consider that if this improves surgical 
mortality significantly it improves the comparison of a given 
procedure with nonsurgical methods and might be a con- 
founding factor in assessing a continuing controlled clinical 
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trial. Yet, those randomized to surgery could always be inde- 
: pendently analyzed for the effects of technical changes exactly 
as they are now in uncontrolled traditional trial and error 
series, Of course, it would take twice as long. Meanwhile, half 
«the candidates who had not been recognized as inappropriate 
subjects for a new technique would be spared unnecessary 
Surgery, avoiding a procedure which amounts to unintentional 


. assault and battery. Indeed, one of the important features of 


random allocation is having a valid comparison group, not only 
xto judge end results, but also to establish genuine indications 
“and contraindications for the new therapy.! In fact, in the 
particular instance of aortocoronary bypass surgery this 
consideration may be much more important than improve- 
“ments in technique.” The carefully worked out experience in 
a very large group of patients, according to the combined 
conclusions of the Duke University Departments of Surgery, 
Cardiology, Medicine and Community Health Sciences, is that 
the “results demonstrate that. the apparent variation in op- 
erative mortality over time is largely a consequence of the 
changing pattern of patient selection”? (my emphasis). 
Moreover, the Duke investigation adds to the hard evidence 
that a component of the ethical imperative!-3-5 of random 
allocation from the outset is te give the patient a “50-50 
chance” not to get the new procedure. 

All of us who sincerely hope for the success of aortocoronary 
bypass surgery have only wished its success to be genuine, 
while the identification of patients who should and who should 
not get the procedure should be equally appropriately es- 
tablished,’ It is easy to agree that improving surgical experi- 
ence and, perhaps more so, improving patient selection,2 have 
` decreased at least operative mortality and increased graft 
patency. Despite this, many questions remain because of 
post-bypass deterioration. of myocardial function in some 
patients® and improvement in performance despite unsuc- 
cessful revascularization (that is, all grafts occluded).” It is as 
much to identify such groups as to determine the technical 
success of the operation that randomized controlled studies 
are needed. Indeed, one large scale study by outstanding in- 
vestigators showed that 47 percent of patients were unchanged 
and 40 percent of patients deteriorated with respect to chest 
> pain at a mean of 30 months after bypass.® Yet this was done 
without random allocation and without a control group. For 
that specific reason, these adverse results of aortocoronary 
< bypass are unacceptable, just as favorable results on the same 

- uncontrolled basis must be unacceptable.! 

Because we cannot assume the success of any new procedure 
no matter how “obvious” may be its basis, it is necessary to 
do a scientifically valid (hence ethical!-*-5) study from the 
outset. This kind of study is best done by randomized con- 
trolled clinical trials. Indeed, one of the assumptions at the 
inception of a new procedure is-that it might not work or that 
it could be harmful to some or all patients and these cannot 
be known at the outset; this is the ethical (hence, scien- 
tific +5) basis for randomizing the first patient. The 
valid—-though perhaps comparatively small2—factor of 
changing technical skill cannot outweigh these considerations. 
_ It ean be assessed independently in those randomized to 
surgery. 


David H. Spodick, MD, DSc, FACC 
Professor of Medicine 

University of Massachusetts 
Medical School 

Director 

Division of Cardiology 

St. Vincent Hospital 
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ISOPROTERENOL IN PRIMARY HYPERTENSION 


The paper by Daoud et al.! on the use of isoproterenol as a 
pulmonary vasodilator in primary pulmonary hypertension 
demonstrates that some patients with this disease may attain 
a substantial reduction in pulmonary arterial pressure and 
resistance when isoproterenol is administered by the intra- 
venous or sublingual route. Sublingual administration also 
apparently was useful when taken by one patient before ex- 
ercise. 

We? reported a similar instance of a favorable effect of in- 
travenous and sublingual isoproterenol in a patient with pri- 
mary pulmonary hypertension and exertional syncope. Sub- 
lingual medication taken before exercise improved exercise 
performance and ameliorated exercise-associated symptoms. 
Three years after the patient’s initial study, cardiac cathe- 
terization studies demonstrated apparent progression of his 
disease. 

This patient has been followed up for 6 years (January 
1979). Symptomatic benefit from isoproterenol still persists 
but to a lesser degree. The current dosage, 20 mg 6 to 12 times 
daily, permits a modest, transient increase in exercise toler- 
ance and prevention of exertional dizzy spells. However, his 
disease has continued to progress and he now requires furo- 
semide and digitalis for congestive failure with hepatomegaly 
and peripheral edema. His episodes of presyncopal dizziness 
are more frequent and occur at rest and with mild exertion. 

It is evident from these studies that some patients with 
primary pulmonary hypertension may achieve hemodynamic 
and symptomatic benefit from intravenous or sublingual 
isoproterenol. Hemodynamic assessment of the patient's re- 
sponse to isoproterenol should be performed before the in- 
stitution of therapy since it is evident that only a small per- 
centage of patients with the disease will exhibit a favorable 
response. Progression of the disease does not appear to be 
prevented by isoproterenol. 

Herbert N. Hultgren, MD, FACC 
Cardiology Service 


U. R. Shettigar, MD, FACC 

Staff Cardiologist 

Veterans Administration Medical Center 
Palo Alto, California 
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REPLY 


The points raised by Hultgren et al. serve to emphasize further 
what we attempted to convey in our report. Our experience 
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“supports their observation that isoproterenol may not-alter 
the outcome of the disease process. The possibility, however, 
that the chronic use of isoproterenol may slow the progression 
of the disease should be considered. 

Fuheid S. Daoud, MD 
Cardiology 

Bethesda Hospital 
Cincinnati, Ohio 

John T. Reeves, MD 
Department of Medicine 
University of Colorado 
Denver, Colorado 
Dennis B. Kelly, MD 
St. Joseph Hospital 
Lexington, Kentucky 


ECHOCARDIOGRAM IN MITRAL REGURGITATION 


In the article by Antmar et al.’ on aortic stenosis mimicked 
by mitral regurgitation, Figure 2, panel 2 illustrates an en- 
larged echocardiographic view of the mitral valve. This illus- 
“tration appears to have been erroneously labeled; part of the 


< mitral apparatus (chordae tendineae or anulus} is noted as the 


posterior leaflet and the text describes “. . . excessive mobility 
of portions of the posterior leaflet in diastole.” On closer in- 
speetion of the diagram, one can note the true posterior leaflet 
consistently moving normally in late diastole with clear 
-coaptation at the “c” point in most complexes. 

Despite the error, the echocardiographic criteria of prolapse 
are fulfilled because the true posterior leaflet moves posteri- 
orly during mid to late systole? and multiple systolic echoes 
are noted,* thereby correlating with the surgical findings. The 
echocardiographic diagnosis of flail leaflet’ with “. . . excessive 





mobility of the posterior leaflet” is unfulfilled once the true 
leaflet is identified: It is well-known that multiple abnor- 
malities may give rise to the false impression of mitral valve 
prolapse or “pseudoprolapse” or M mode echocardiographic 
studies.? Perhaps the findings noted here represent “pseu- 
dopseudoprolapse.” : 

kac. Schulman, MD 

Division of Cardiology 

Beskman Downtown Hospital 

New York, New York 
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REPLY 

In panel 2 of our Figure 2, two arrows, labeled PL, are used to 
identify the posterior mitral leaflet. The arrow at left correctly 
identifies a thin hypermobile segment of the posterior leaflet 
in diastole; the arrow at right is incorrectly oriented. and 
should have been deleted. Taken together, the two panels of 
Figure 2 demonstrate the findings of ruptured mitral chordae 
tendineae: Panel 1 clearly shows segments of the mitral valve 
prolapsing into the left atrium during systole; panel 2 dem- 
onstrates diastolic hypermobility. Both demonstrate that 
portions of the posterior leaflet have norma! motion, a not 
unexpected finding in view of the localization of chordal 
rupture to a single posterior leaflet scallop. 

Elliott Antman, MD 

L.J. Sloss, MD 

Peter Bent Brigham Hospital 

Boston, Massachusetts 
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CALENDAR OF EXTRAMURAL PROGRAMS 





The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal functian of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing arnount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability-of therapeutic options. 
Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
in the field. 

To-solve these problems the Committee 
selects each year series of carefully super- 


vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participarts. 

These programs should heip each physiciar 
to keep Up with the new knowledge, to.put intc 
practice the new advances and to retrac 
gracefully from the obsolete and useles: 
practices. An effective practitioner must learr 
and relearn, listen to new ideas, share pas 
experiences. and observe the. work’ of hi: 
peers. The National Program Committee fo 
Continuing Medical Education of the Americar 
College of Cardiology believes that these goal: 
can be accomplished-by all members an 
nonmember professionals participating in ou 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Continuing Education Committe 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Pregrams Department, Americar 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda. Maryland 20014. 
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arranged Constant, FACC. director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 
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MAR. Thirleenth Annual Seminar. Electro- 

24-28 cardiographic interpretation of Com- 


plex Arrhythmias: A Physiological Ap- 
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Douglas P. Zipes, FACC, directors. in- 
diana University Medical Center, India- 
napolis, IN 
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CA 
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LEARNING. CENTER: PROGRAM CALENDAR 





he American College of Cardiology's newest department, the Learning a new standard of excellence in cardiovascular- continuing education: 
Jenter, located at the College's Bethesda Maryland headquarters, began For additional information concerning the programs listed below or for 
dperations in October 1977. with the. offering of its fiest continuing a complete schedule of programs through July 1980; contact Program 
nedical education program for physicians with a specialty or an interest Coordinator, Learning Center, American College of Cardiology, 9114 


n cardiovascular medicine. The purpose of the Learning Center is to Old Georgetown Road, Bethesda, Maryland 20014. Telephone (301). 
iupport the professional commitment to quality patient care by providing 897-5400. 
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kanban Program Director = Title of Program 
‘eb. 6-8- Beeiram Pitt, MD Nuciear Cardiology 
zeb. 41-13 Melvin È n MD New Approaches to the Short and Long Term Treatment of Myocardial 
E: Infarction 
eb. 18-20 Roger A Winkle, MD Antiarrhythmic Therapy: Current Status and Future Promise 
tarch 24-26 ‘ihn A: Mantle, MO Quality Assurance and Management for Cardiovascular Nurses 
tarch 27-29 John A; Spittell, Jr, MD Peripheral Vascular Disease 
ipri 9-11 Victor Parsonnet, MD Current Concepts in Pacing 
iprit 14-16 Kam Cohn, MD Exercise Testing 
ipril 21-23 Nanette K. Wenger, MD Rehabilitation of the Coronary Patient 
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(Congestive Heart 


Dean T. Mason, M.D. 


This rare treatment of such a multifaceted 
subject provides an unusual opportunity 
for the busy clinician to add to his knowl- 
edge in a minimum amount of time. Any 
_. area of immediate interest can be rapidly 
located and as much data as needed can 
_ > be.quickly extracted. The concentration 
“on improved clinical management will be 
“appreciated by every internist, cardiol- 
-ogist, generalist, and any professional in- 
volved in cardiovascular medicine. 


Dean Mason, President of the Amer- 
ican College of Cardiology, has or- 
ganized this monograph within the three 
areas relevant to an understanding of 
congestive heart failure: mechanisms, 
evaluation and treatment. Fifty-six recog- 
nized authorities have been assembled 


expertise to make this book the foremost 
text covering the highly important and 
common disorders of abnormal heart 
function. 


This presentation of recent advances in 
basic research and clinical progress has 
been highly acclaimed for its major con- 
tribution to the improvement of patient 
care. We invite you to see if you don’t 
agree. Order and take 30 days to look 
over the book. If you're not totally satis- 

: fied, return it. 
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Itis now generally accepted that ECG Stress Testing, alone, 
is insufficiently sensitive and insufficiently specific to be diagnostic 
in many cases. (Ref 1-8) 


(CARDIOKYMOGRAPHY) 


Recent investigations have 
shown that a second test such as 
CKG,™ Thallium Scintigraphy or 
Fluoroscopy can substantially in- 
crease diagnostic accuracy. (Ref. 2) 


WHY CKG'? 


The CKG™ provides an accu- 
rate, easy to interpret analog rep- 
resentation of left ventricular wall 
motion. (Ref. 9) 

CKG™ is a non-invasive low 
cost test that can be done in the 
office nght along with ECG Stress 
Testing. 





You probably want to knowa 
lot more about this important new 
technique. Call or write for addi- 
tional information. 
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Good guess for a layman. But to you these are the enemy. 
They are Cytomegalovirus gastritis (A) Disseminated coccidi- 
oidomycosis(B) and Strongyloides stercoralis filariform larva 
(©)... infections which demand special care when they strike 
patients with pre-existing illnesses and deficiencies. They are 
among the many discussed in. . . 


_ INFECTIONS 
IN THE ABNORMAL HOST 


Edited by Michael H. Grieco, M.D. 
Text by 47 Specialists. llusirated with 147 
Drawings and Photos, 78 in Full Color 








Now at your fingertips . . . for instant reference . . . for reward- 
ing study . . . the knowledge of world-renowned specialists to 
help you understand, diagnose, and manage infections which 
attack patients under treatment for 


e Diabetes e Uremia 
e Alcoholism * Pulmonary Disease 
« Cancer * Hepatic Insufficiency 


* Allograft Transplantation, 
etc., etc. 


+ Drug Addiction 
e Rheumatic Disease 


Infections in the Abnormal Hest brings together in one giant en- 
cyclopedic volume, over 1,000 pages, the guidance of a spe- 
cialist team whose collaboration began in the 1960s. In 47 re- 
vealing chapters they review the mechanics of host defenses 
... the various underlying disorders and the infections associ- 
ated with them . . . and the latest treatments by chemotherapy, 
management of agranulocytosis, immunological reconstitu- 
tion, passive and active immunotherapy, and immunostimula- 
tion. 


A detailed indexing system gives you instant access to every 
diagnostic procedure, every treatment in the book. Study the 
entire book and you will gain priceless knowledge of an im- 
portant and complex field. Consult it as the need arises, and it 
will help you understand, diagnose, and manage the many in- 
fections which strike patients whose defense mechanisms are 
down. 


Try this important 
new reference book 
30 days free 


An essential manual for practitioners . . . a long- 
needed text for students. Over 1,000 $ 

7“ x 10". Clothbound. 147 illustrations 
including 78 full-color photos. Completel 
indexed. AVAILABLE ON APPROVAL. $55.25 
pre-publication price. (After March 1, 1980, 
$65.00) 
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Check this list of chapters 
PARTI HOST DEFENSES 


Lymphocyte Subpopulati 
zymatic Markers and Functions + Congenital and Acquired Primary Disorders of 
T Lymphocyte Function * Drug-induced B T Lymphocyte and Mono- 
cyte Dysfunction * Cutaneous, Pulmonary, Gastrointestinal and Genitourinary 
Defense Mechanisms and Relationship to Nosocomial Infections « The Effects 
of Malnutrition on Host Responses and the Metabolic Sequelae of Infections ¢ 
Humoral and Cellular Responses to infection 


PARTH INFECTIONS ASSOCIATED WITH THE 
ABNORMAL HOST 


e Pyogenic Bacterial infections © Hi Bacterial and Fungal infections + Myco- 
bacterial infections * Viral and Chlamydial Infections * Protozoal.and Helmin- 
thic Infections è infections Complicating the Transfusion of Blood, Blood Prod- 
ucts, Animal reand Animal * infections Complicating the Alco- 
holic Host © infections in Perenteral Narcotic and Abusers © Infections 
Complicating Uremia and Organ Transplantation e Infections in Patients with 
Neoplastic Diseases * Infections Complicating Diabetes Mellitus + Diagnosis 
and Treatment of Diffuse Pneumonias + Host Deficiency States and’Central Ner- 
vous System Infections * Genitourinary Infections © Infections Complicating the 
Rheumatic Diseases © Endovascular and Prosthetic Implant infections * Intra 
ocular Manifestations of Systemic Infections * Selected Histopachologic Re- 

ses * The Microbiol Laboratory in Diagnosis and Therapy * Infections 

>mplicating Surgical er Functional ectomy and Gastrectomy 


PARTI MANACEMENT 


+ Antimicrobial Therapy in the Com ised Host: Resistance, Pharmacology 
and Toxicity + rapy for Viral and Chlamydial Infections « Cheme- 
therapy for Protozoal and Helminthic Infections * Infection Prevention in Pe 
tients with Cancer and Granulocytopenia * Immunologic Reconstitution * Garm- 
ma Globulin and Vaccine Therapy 
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ELECATH Flow-Directed Catheters 


BALWEDGE™ FLOW-DIRECTED CATHETERS FOR ARTERIAL WEDGE PRESSURES & CYP- 
Cl Larger lumen offers better frequency response ; 
Q The 7 Fr. Catheter will fit easily through a 7 Fr. Introducer 
© Single pressure (2 Lumen) available in sizes 4 Fr.-7 Fr. 

E Double pressure (3 Lumen) available in sizes 5 Fr.-7 Fr. 


BALWEDGE PULMONARY ANGIOGRAPHY CATHETERS 
© A flow-directed Catheter for radiological studies in the pulmonary artery 
G Available in sizes 5 Fr.-7 Fr. 


BALTHERM™ THERMO-DILUTION FLOW-DIRECTED CATHETERS 
© Operates properly with most popular computers 

C Pre-calibrated for ease of use and accuracy 

C A wide range of sizes 4 Fr—-7 Fr. 

© Rapid thermistor response time 

E Room temperature injectate recommended 


ELECATH ARTERIAL EMBOLECTOMY CATHETERS 
device for the removal of arterial emboli and thrombi 
T Available in sizes from 3 Fr.—7 Fr. 


PALEC disci FLOW-DIRECTED PACING CATHETERS 
2 For temporary bedside pacing without fluoroscopy 

G Easy placement and rapid capture 

G Easy to attach to external Pacemakers 

G Available in sizes 3 & 5 Fr. 





ur Toll Free number 800-526-4243 for the name of your local ELECATH Distributor. 
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ANTHONY N IMANIA Mt 





Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 

The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 

Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

Nuclear cardiology 

O Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

Various interpretations of exercise tests in the asymptomatic 
population 

The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to look at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That’s right! You’re invited to look it over before buying it. 

Send for your copy of Exercise in Cardiovascular Health and 

Disease today. Then use it for 30 days without risk. 




















a new publication . 


.. for every professional 
with an interest in Exercise and the Heart 


ee | in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. Schoo! of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


Yorke Medical Books 
666 FIFTH AVE., 
NEW YORK, N.Y. 10019 


Piease send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE for 30 days free examination and use. If | decide to keep it, 
your invoice will be honored ($33.00 plus shipping cost). Otherwise, the 
book will be returned for full credit or refund. 

© Full payment enclosed, publisher absorbs shipping cost 

g Send invoice (U.S. and Canada only) 


(Countries outside Western Hemisphere prepay in U.S. funds and add $5. to price) 
New York resicents add applicable sales tax 


AJC-2/80 


(please print) 


Address 


Ciy State Zip 











Saffola fights cholesterol 


betterthan | 
any corn oil margarine. 
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Contains no cholesterol. And tastes great. 


Saffola is beneficial as part of a fat modified diet to help reduce serum cholesterol. 
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ATTEND THE SYMPOSIUM 
LED BY THE NATION’S FOREMOST 
NUCLEAR CARDIOLOGISTS. 


_ MARCH 7, 8 and 9, WHITEHALL HOTEL, 
HOUSTON, TEXAS 


This is the first in a series* of 
symposia sponsored by Nuclear 
Cardiology Systems. 


It immediately precedes the 
29th Scientific Session of the 
American College of Cardiology. 


The symposium is an opportunity 
for cardiologists to learn from the 
leading nuclear cardiologists the 
value of nuclear cardiology in patient 
management. Topics will guide the 
slinician in the selection of the appro- 
priate nuclear procedure for specific 
tlinical problems. The performance 
of basic imaging techniques will be 
llustrated by clinical example. 


Las Vegas—April 18, 19 and 20 
New York—May 16, 17 and 18 


BBIe OE ae 
THE FACULTY* 


ieorge A. Beller, M.D. 
*rofessor of Medicine 

dead, Division of Cardiology, 
Jniversity of Viriginia Medical 
zenter, Charlottesville, Virginia 


yaniel S. Berman, M.D. 
\ssistant Clinical Professor of 
*adiology, University of California 
os Angeles 

director, Department of Nuclear 
‘ardiology, Cedars-Sinai Medical 
‘enter, Los Angeles, California 


leffrey S. Borer, M.D. 

\ssociate Professor of Medicine, 
‘ornell University 

‘thief, Cardiac and Catheterization 
aboratory, Director of Nuclear 
ardiology, New York Hospital, 
lew York, New York 


lot all members of the faculty will 
e speaking at each symposium. 


Richard Gorlin, M.D. 

Murray M. Rosenberg Professor of 
Medicine 

Chairman, Department of Medi- 
cine, Mount Sinai Hospital, New 
York, New York 


Richard H. Helfant, M.D. 
Professor of Clinical Medicine, 
University of Pennsylvania School 
of Medicine 

Chief, Division of Cardiology, 
Presbyterian University of 
Pennsylvania Medical Center, 
Philadelphia, Pennsylvania 


Melvin L. Marcus, M.D. 
Associate Professor of Medicine, 
Cardiovascular Division, University 
of lowa, lowa City, lowa 


Richard W. Myers, M.D. 
Chief, Department of Nuclear 
Medicine, Herrick Hospital, 
Berkeley, California 


Bertram Pitt, M.D. 
Professor of Internal Medicine 
Director, Division of Cardiology, 
University of Michigan Medical 
Center, Ann Arbor, Michigan 


Gerald M. Pohost, M.D. 
Assistant Professor of Medicine, 
Harvard University School of 
Medicine 

Assistant in Medicine, Cardiac Unit, 
Massachusetts General Hospital, 
Boston, Massachusetts 


Robert A. Vogel, M.D. 
Associate Professor of Medicine, 
University of Colorado 

Director, Coronary Care and 
Medical Intensive Care Units, 
Veterans Administration Hospital 


James T. Willerson, M.D. 
Professor of Medicine 

Director, Cardiology Division, 
University of Texas Southwestern 
Medical School 

Director of Cardiology, Parkland 
Memorial Hospital, Dallas, Texas 


Barry L. Zaret, M.D. 
Associate Professor of Medicine 
Chief, Cardiology Section, Yale 
University Medical School, New 
Haven, Connecticut 


EES RRS 
PROGRAM TOPICS 


(First two days) 


Clinical applications 

Introduction to imaging techniques: 

@ Gated blood pool 

@ Thallium perfusion 

@ First transit 

E Thallium and gated blood pool 
tomography 

@ Myocardial pyrophosphate infarct 

Instrumentation 

Data processors/software 

Radiopharmaceuticals 


clear 
lology 





OPTIONAL 
WORKSHOP* 


(Third day) 

Consultation on: 

m Instrumentation 

@ Computer software 

@ Licensure 

B Certificate of Need 

@ Third party reimbursement 
*Workshop, conducted by Nuclear 

Cardiology Systems consultants, is 

designed solely for those physicians 

interested in establishing a nuclear 

cardiology laboratory within the 

next 12 months. 


PEAR see 
REGISTRATION 


Registration fee is $750. This fee 
covers all lectures, symposium 
abstracts, coffee breaks and lun- 
cheons. A full refund will accompany 
cancellations made up to two weeks 
in advance of the meeting. No re- 
funds will be made after that date. 
However, a substitute may be sent 
in place of the original applicant. 


Name 


LIMITED REGISTRATION. 
HOUSTON, TEXAS, MARCH 7, 8 and 9. 


FOR LATE REGISTRATION, 
CALL: (415) 928-0500 


Applications to the symposium will be limited, so register early. Regis- 
tration fee is $750 per person. Mail coupon or phone for reservations. 





Address 





City 


State Zip 





Office Phone 





Type of practice 





Please make checks payable in U.S. funds to: 


NUCLEAR CARDIOLOGY SYSTEMS 


1375 Sutter, Suite 412, San Francisco, CA 94109. 
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Two Volumes in the Clinical Cardiology Monograph Series __ 
FoWILLIS HURST, M.D. and DEAN T. MASON, M.D. Series Consultants 


CARDIAC PACING Second Edition 


Edited by PHILIP SAMET, M.D. and NABIL EL-SHERIF, M.D. 


CONTENTS: Anatomy and Physiology of the Conduction 
System. Electrophysiology of the Specialized Conduction 
System: Engineering Aspects of Cardiac Pacing. Engineer- 
ing Aspects of Implantable Cardiac Pacemakers. Physiolo- 
gic Aspects of Cardiac Pacing. Pacemaker Electrocardiog- 
raphy. Indications for Cardiac Pacemaking. Pacemaker 
Followup. Clinic System. Results of Cardiac Pacing. Elec- 
trophysiologic Basis of Programmed Electrical Stimulation 
of the Heart. Electrical Stimulation Techniques in the 
Diagnosis of Cardiac Arrhythmias. Cardiac Stimulation. 
Pacemaker Arrhythmias, Contribution of His Bundle Re- 
cordings to Cardiac Pacing. Pathophysiology of AV Block 


CARDIAC ANESTHESIA 


Edited by JOEL A. KAPLAN, M.D. 

All aspects of patient care are presented in the belief that 
preoperative and postoperative management of the patient 
as a whole is as important as intraoperative management. 
Throughout, emphasis is on using sophisticated measure- 





in Acute Myocardial Infarction. Acute Myocardial Infarc- 
tion Conduction Disturbances: Clinical Aspects. Pacing in 
Ischemic Conduction Disturbances. Prognosis for Patients 
with Cogenital Heari Disease and Postoperative Conduc- 
tion Defects. AV Sequential Pacing. Prognostic Value of 
the HV Interval in Conduction Disturbances, Clinical and 
Pharmacological Characteristics of Patients with Bundle 
Branch Block. Sensing in Demand Pacing. Cardiac Pacing 
in the Treatment of Cardiac Arrhythmias Following Open- 
Heart Surgery. Historical Aspects of Pacing. Techniques 
of Permanent Pacemaker Implantation. 

1980, 646 pp.. $47.50 ISBN: 0-8089-1211-9 


ment techniques to determine proper therapeutic interven- 
tions and results. 


1979, 530 pp., illus., $44.75 ISBN: 0-8089-1125-2 


ELECTROCARDIOGRAPHY IN CLINICAL PRACTICE 


By TE-CHUAN CHOU, M.D. 

CONTENTS: NORMAL AND ABNORMAL ELECTRO- 
CARDIOGRAM. Normal Electrocardiogram. Atrial Ab- 
normalities. Left Ventricular Hypertrophy. Right Ventricu- 
lar Hypertrophy. Combined Ventricular Hypertrophy. Left 
Bundle Branch Block. Right Bundle Branch Block. The 
Hemiblocks, Bifascicular Block and Trifascicular Block. 
Myocardial Ischemia, Injury and Infarction. Stress Test. 
Pericarditis. Myocardial Diseases. Chronic Obstructive 
Lung Disease, Pneumothorax, Pulmonary Embolism. Con- 
genital Heart Diseases in Adults. THE CARDIAC AR- 
RHYTHMIAS. Sinus Rhythms, Atrial Arrhythmias. Atrio- 


CLINICAL CARDIOLOGY 


ventricular Junctional Rhythms. Ventricular Arrhythmias. 
Atrioventricular Block and Concealed Conduction. The 
Wolff-Parkinson-White Syndrome and its Variants. DRUG 
EFFECTS, ELECTROLYTE IMBALANCE AND OTHER 
MISCELLANEOUS CONDITIONS. Effect of Drugs on 
the Electrocardiogram. Electrolyte Imbalance Diseases of 
the Central Nervous System. Hypothermia. The Mitral 
Valve Prolapsy Syndrome. Skeletal Deformities. Monspe- 
cific S-T and T Wave Changes. Abnormal Q-T Iaterval. 
Abnormal U Wave. Artificial Electronic Pacemaker. 
1979, 624 pp., 442 illus., $34.50 ISBN: 0-8089-1138-4 


Edited by JAMES T. WILLERSON, M.D. and CHARLES A. SANDERS, M.D. 
Volume 3 of THE SCIENCE AND PRACTICE OF CLINICAL MEDICINE Series 


Clinical Cardiology is intended to provide a strong physi- 
ological basis for understanding clinical cardiology, and to 
describe recent advances in diagnostic and therapeutic tech- 
niques. The purpose is to present clinical cardiology in 
practical and relevant terms. Expert and detailed coverage 
is given to the advances in myocardial imaging, echocar- 


diography, electrophysiology, diuretics, exercise ‘jesting, 
eardiac transplantation, and myocardial biopsy techniques. 
The scope of the topics ranges from Anatomy of the Car- 
diovascular System, Radionuclide Myocardial Imaging, to 
Obesity and the Cardiorespiratory System. 

1977, 672 pp., illus., $39.50 ISBN: 0-8089-0992-4 


PRIMARY AND SECONDARY ANGINA PECTORIS 


Edited by ATTILIO MASERI, M.D., GERALD A. KLASSEN, M.D., F.R.C.P. (C), F.AC.C., and MICHAEL LESCH: M.D. 


CHAPTER HEADINGS: Experimental Coronary Obstruc- 
tion and Determinants of Transmural Flow Distribution. 
Degree of Coronary Artery Obstruction in Patients with 
Symptomatic Myocardial Ischemia. Angina Secondary to 
Excessive Myocardial Metabolic Demands in Patients with 
Limited, Fixed Coronary Reserve. Angina Not Secondary 
to Limited, Fixed Coronary Reserve and Excessive Myo- 
cardial Metabolic Demands: “Primary” Angina. Physio- 
logical Basis of Coronary Vasoconstriction as a Cause of 
“Primary” Angina. Evidence of Acute-Myocardial Isch- 


emia Caused by Vasoconstriction in Man. Physictogical 
Basis of “Primary” Angina Not Caused by Vasoconstric- 
fion. Positive and Negative Feedback Mechanisms for Re- 
Beving or Sustaining Myocardial Ischemia and Determin- 
ing Its Irreversibility. Rational Therapeutic Approaches to 
the Patient with Secondary and “Primary” Angina Pectoris. 
Outlook of the Anginal Patient—Arrhythmias and Sudden 
Death. Round Table: Perspectives and Guidelines in the In- 
vestigation and Treatment of Patients with Angina Pectoris. 
1978, 464 pp., 150 illus., $22.50 ISBN: 0-8089-1 112-0 


PROGRESS IN CARDIOVASCULAR DISEASES 


EDMUND H. SONNENBLICK, M.D., Editor/MICHAEL LESCH, M.D., Co-Editor 


Fach issue takes up a single major topic important to 
today’s understanding and treatment of disorders of the 
heart and circulation. Invited experts approach the topic 
from various angles, using their own everyday experience 
and providing a complete review of the subject which 


represents the best in current knowledge and methodology. 
Volume 22 (July 1979 10 May 1980}, Published Bimenthly, 
About 550 pages per volume. Subscriptions: $39.06 (out- 
side U.S.A. $41.00). 


VISIT GRUNE & STRATTON’S BOOTH #1236 
at the 29th Annual Session of the American College of Cardiology 


Send payment with order and save postage and handilin 


g charge. Prices are subject to change without notice. 


GRUNE & STRATTON 


A Subsidary of Harcourt Brace Jovanovich, Publishers 
ill FIFTH AVENUE, NEW YORK, 10003/24-28 OVAL ROAD, LONDON NWI 7DX 
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#3-Aerotech 


Puts It Within Reach 


Te) B-AEROTECH brings the advantages of quarter 
a ngth matching layer design to echocardiography. With 
he introduction of two new QUIC*SCAN cardiac models, the 
RSA22DL and the QSA35CM, the echocardiographer now 
as available a set of three high sensitivity transducers which 
ill accommodate the majority of adult and older pediatric 
patients. 

The QSA22DL, a 2.25 MHz/13 mm/3-12 cm focal zone 
ransducer, is a significant improvement over the standard 
p.25 MHz transducers now used in echocardiography. This 

odel was developed in response to the problems encoun- 
ea achieving adequate penetration for acceptable imag- 


n fe with its tradition of pioneering transducer technol- 


hen examining the obese, heavy chested, and/or 
asematous patient. In many cases the increased sen- 
T ży of the QSA22DL will allow the sonographer to realize 
he resolution capabilities of a 2.25 MHz transducer while 
jetting the penetration that was previously obtainable only 
ith a 1.6 MHz or 1.9 MHz transducer. The broad 3-12 cm 
ocal zone also makes the QSA22DL an excellent choice for 
he basic transducer in your M-Mode armamentarium. 
The QSA35CM, a 3.5 MHz/10 mm/3-8 cm focal zone 
ransducer, has a smaller patient contact surface than the 
3mm models, which allows easier access to the narrower 
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intercostal spaces of some adults and older children. The 
increased sensitivity of this model often allows the sonog- 
rapher to achieve the improved resolution of a 3.5 MHz trans- 
ducer in examinations where a 2.25 MHz model was previ- 
ously required to perform the study. 

The QSA35DM, a 3.5 MHz/13 mm/4-10 cm focal zone 
transducer also has increased sensitivity which allows the 
resolution capabilities of 3.5 MHz to be effectively utilized in 
the more normal adult patient habitus. 

These new products reaffirm KB-AEROTECH’S com- 
mitment to provide the diagnostic ultrasound community with 
state of the art transducer technology. However, this tech- 
nology would have little value if it were not tailored to the 
clinical requirements of the physician and sonographer. It is 
this clinical relevance of our products that we at KB- 
AEROTECH emphasize. When it comes to meeting the needs 
of diagnostic ultrasound, we're on your wavelength. 


@ \8-AcRoTECH 


Quality, Service, and Innovation 
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Immediately following the Annual Meeting 
of the American College of Cardiology, you are invited 
to attend a timely and important symposium on 





This symposium is designed to acquaint the physician 
with various types of drugs used in the management of angina pectoris 
and to indicate the specific roles of these agents. 


CA 


Course Participants and Their Topics: 
Course Chairman: Thomas D. Giles, M.D. 


PHARMACOLOGIC PRINCIPLES IN BETA-ADRENORECEPTORS IN 

THE MANAGEMENT OF ANGINA PECTORIS I THE MANAGEMENT OF ANGINA PECTORIS 
Bertram Pitt, M.D. l William Shapiro, M.D. 

P rotessor of Internal Medicine Chief, Cardiovascular Section 

Director, Cardiovascular Division Veterans Administration Medical Center 

University of Michigen Medical Center Professor, Internal Medicine 

Ann Arbor, Michigan University of Texas Health Science Center 


Souzhwestern Medical School 


PHYSIOLOGIC PRINCIPLES IN Dallas, Texas 


THE MANAGEMENT OF ANGINA PECTORIS HI Ca- ANTAGONISTS IN 


Goffredo G. Gensini, M.D. THE MANAGEMENT OF ANGINA PECTORIS 
Director, Monsignor Toomey Cardiovascular Laboratory , 
Charles R. Conti, M.D. 


St. Joseph Hospital Health Center : ne 

Clinical Professor of Medicine Professor of Medicins 

State University of New York Chief, Division of Cardiclogy 

Syracuse, New York J. Hillis Miller Health Center 
University of Florida 
Gainesville, Florida 


NITRATES IN 





THE MANAGEMENT OF ANGINA PECTORIS PANEL DISCUSSION: 

Thomas D. Giles, M.D. THE FUTURE OF ANTIANGINAL AGENTS 

Professor of Medicine 

Tulane University School of Medicine As en organization accredited for continuing medical education, the 
Chief Medical Services Tidane University Medical Center designates this continuing medical 
Veterans Administration Medical Center activity as meeting the criteria for 3.5 credit hours in Category | of the 
New Orleans, Louisiana Physician's Recognition Award of the American Medical Association. 


CA 


Twelve Noon, Thursday, March 13, 1980 
Imperial Ballroom, Hyatt Regency Houston 


Buffet Luncheon..........02++-12:00 Noon - 1:15 PM 
Symposium .....secesccesereeeceseees L15 PM - 4:45 PM 
Wine and cheese reception will follow az the close of the symposium. 


This symposium is made possible by an educational grant from PARKE-DAVIS 
j Div af Warner-Laribert Co 
Morns Plains, NJ 07350 USA 
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In ambulatory cardiac monitoring 


Immediate 
Discovery 


of arrhythmias and conduction 
defects and... 
No Scanning Required 


1H MEDISYSTEMS” 


ji 


The Complete Ambulatory Monitor 





Jaist-worn CER weighs less than 
vo pounds, monitors patients 
ontinuously and records only 
rrhythmias and conduction 
efects. Eliminates hours of review- 
ig tapes and all the drawbacks 
f Holter monitoring. 


istant printout for immediate 
adta he ea For further information call collect (201) 267-4949 


eliable. Easy to use. Inexpensive. MEDISCIENCE 
stter for you...better for your patients. TECHNOLOGY 
CORPORATION 


S The Better Alternative. Pokies ak Jersey 07054 
Ae 
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- The Pieces Together 


So all you need to know isthe 
monitor make and model. We do 
the rest. 


What if you replace your presen 
monitor with a different model 
later on? No problem. Not if you 
have our transducer. If necessary, 
you simply replace the 
cable-connector set. Not the 
valuable transducer. And the 
whole operation takes less than a 


No matter what patient monitoring 
_ equipment you now own — OF 
-plán to purchase — this Bell & 
Howell physiological pressure 
transducer will fit them all! Our 
__ inter-connecting cables provide 
complete compatibility. 

We've put an end to the 
confusion of mismatching cables 
and connectors. When you order 
our 4-3271 transducer, we select 


from our stock of 56 different minute. 
- cable-connector sets to Now isnt that a piece of 
custom-match precisely the thoughtful engineering? 


monitor you specify. Any of them. 






One Transdicer Fits All 


O! Betts HOWELL 





Announcing 
the SKI M-mode to Real-time 
Conversion Program. 


A unique opportunity for 
owners of the Ekoline 20A. 


There'll never be a better 
time to expand your M-mode 
system to scanning. 

Here's what we'll do to help. 

We will exchange your Eko- 
line 20A M-mode system for a 


anit 





budget. And to make your pro- 
cedures easier and faster, you 
get at no extra charge our M- 
f mode Transducer Kit and 30° 
4j High Resolution Probe Head. 


Take advantage of this 
special offer today. 


new factory assembled and calibrated Eko- For more details, call toll-free 800-538-1556. 
Sector I "two-dimensional scanning system In California, call collect 408-732-6000. Or 
with a full one-year warranty at a price return this coupon. 


which is bound to match your needs and 











SmithKline Instruments, Inc. 
880 West Maude Avenue 
a Smuhidene comoara Sunnyvale, CA 94086 


Please contact me immediately with 
complete information about your 
M-mode to EkoSector I Conversion 
Program. Please phone me at ( ) 
to arrange a time. 








Name 





Hospital/Clinic 





Street 





City State Zip 


Other SmithKline offices: Australia— 
Brookvale, N.S.W.; Canada—Mississauga, 
Ontario; Latin America/Far East — 
Sunnyvale, California; England—Welwyn 
Garden City, Hertfordshire. 


For ventricular arrhythmias. 

For atrial arrhythmias. 

For smooth, trouble-free conversion. 
For steady maintenance. 


o Greater GI tolerance 
than with quinidine sulfate 
g Full quinidine cardiodynamics 
o Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tabiets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythrn 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.” 


*Aviado, Di M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY--iNDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atria) 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mai AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atrialitipr:i!- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnorma! rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours, If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by ¥ to 1 tablet (187.5 te 275 mg.) and administered three to fou 
times before any further dosage increase, For maintenance, © 
tablet may be used two to three times a day; generally one tabi 
morning and night wil! be adequate. SUPPLIED: Uncoated, sco 
tablets in bottles of 100. 


Purdue Frederick 


© COPYRIGHT 1978, THE PURDUE FREDERICK comPany/ NORWALK, CT 06856 ca207. 
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Reviews on Radionuclide Angiography and 
Thallium Perfusion Imaging 


Episodic Drug Treatment of Paroxysmal Arrhythmias 
Calcification of Porcine Xenografts in Children 


Contents on Page A6 
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Because 


ALDORID \ 
provides 


©7979 by Merck & Co.. Inc 





many 
hypertensives 
have 
benefited 
year after 
year 





cardiovascular practical 
benefits benefits 


cardiac output usually maintained e effects on daily activities usually minimal: 


° . . There is less frequent symptomatic postural hypotension with 
sodium and fluid retention ALDORIL than with many other antihypertensive agents. Exercise 


generally controlled hypotension and diurnal blood pressure variations rarely occur. 

. . e S á > $ 5 
two highly effective greater dosage convenience: a b.i.d. regimen is 

1 t ts possible for many patients 
complementary agen e four dosage strengths: offer the widest range of 
As a fixed combination, ALDORIL is not indicated for initial dosage strengths available in a combination antihypertensive 
therapy since hypertension requires therapy titrated to the TABLETS 
individual patient. If an available strength of ALDORIL meets ALDORIL?-25 containing 250 mg ALDOMET® (Methyldopa, MSD) 
the patient's titrated needs, the combination drug may be and 25 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 
more convenient in patient management. Therapy should be TABLETS 
reevaluated as necessary. ALDORIĽ -15 containing 250 mg ALDOMET” (Methyldopa, MSD) 
ALDORIL is contraindicated in active hepatic disease; anuria; eee HydroDIURIL" (Hydrochlorothiazide, MSD) 
hypersensitivity to methyldopa or to hydrochlorothiazide or P: i 
other sulfonamide-derived drugs; if previous methyldopa ALDORIĽ D50 containing 500 mg ALDOMET™ (Methyldopa, MSD) 
therapy has been associated with liver disorders. In patients bof Alpe HydroDIURIL* (Hydrochlorothiazide, MSD) 
with renal disease, thiazides may precipitate azotemia. Use ALDORII?D30 I 3 

: pe ote : A : . ; containing 500 mg ALDOMET® (Methyldopa, MSD) 

ps ap ena with severe renal disease or impaired and 30 mg HydroDIURIL® (Hydrochlorothiazide, MSD) M SD 





It is important to recognize that a posi- 
s : E ERCK 


tive Coombs test, hemolytic anemia, ® HAR 
and liver disorders may occur with OHM 
methyldopa therapy. The rare occur- 

rences of hemolytic anemia or liver 

disorders could lead to potentially 


fatal complications unless properly containing methyldopa and hydrochlorothiazide 
recognized and managed. For more 


details, see the brief summary of The most prescribed 


prescribing information. a py a ay 
Doei combination antihypertensive 
EAE aak Daaa in the U.S. today | 
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settee TABLETS Antihypertensive TABLETS 
ORIL® 


AL D50 ALDORIL® D30 
methyldopa 500 mg and methyldopa 500 mg and 
hydrochlorothiazide 50 mg hydrochlorothiazide 30 mg 


: WARNING 
; This fixed combination drug is not indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the individual patient. if the fixed 


combination represents the dosage so determined, its use may be more convenient in 
patient management. The treatment of hypertension is not static, but must be 
| reevaluated as conditions in each patient warrant 





Contraindications: Active hepatic disease, such as acute hepatitis and active cirrhosis: 
if previous methyidopa therapy has been associated with liver disorders (see Warnings). 
anuria; hypersensitivity to methyldopa or to hydrechlorothiazide or other sulfonamide- 
derived drugs. 


Warnings: METHYLDOPA—it is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur with methyldopa 
therapy. The rare occurrences ef hemolytic anemia or liver disorders could 
lead to potentially fatal complications unless properly recognized and 
managed. Read this section carefully to understand these reactions. 


With prolonged methyldopa therapy, 10% to 20% of patients develop a positive direct 
Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at daily 
dosage of 1g or less. This on rare occasions may be associated with hemolytic anemia, 
which could lead to potentially fatal complications. One cannot predict which patients with 
a positive direct Coombs test may develop hemolytic anemia. Prior existence of 
development of a positive direct Coombs test is not in itself a contraindication to use of 
~ methyldopa. if a positive Coombs test develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the positive Coombs test may be a problem. 
= For example, in addition to a positive direct Coombs test there is less often a positive 
indirect Coombs test which may interfere with cross matching of blood. 
At the start of methyldopa therapy, (t is desirable to do a blood count (hematocrit, 
hemoglobin, of red cell count} for a baseline or to establish whether there is anemia. 
Periodic blood counts should be done curing therapy to detect hemolytic anemia, It may be 
useful to do a direct Coombs test before therapy and at 6 and 12 months after the start of 
therapy. H Coombs-positive hemolytic anemia occurs, the cause may be methyldopa and 
the drug should be discontinued. Usually the anemia remits promptly. if not, 
corticosteroids may be given and other causes of anemia should be considered. If the 
hemolytic anemia is related to methyldopa, the drug should not be reinstituted. When 
methyldopa causes Coombs positivity alone or with ae anemia, the red ceil is 
"usually coated with gamma globulin of the IgG (gamma G) class only. The positive 
Coombs test may not revert to normal until weeks to months after methyldopa is stopped. 
Should the need for transfusion arise ir a patient receiving methyldopa, both a direct and 
an indirect Coombs test should be performed on his blood. In the absence of hemolytic 
anemia, usually only the direct Coombs ‘est will be positive. A positive direct Coombs test 





alone will not interfere with typing or cross matching. If the indirect Coombs test is also 


positive, problems may arise inthe major cross match and the assistance of a hematologist 
of transfusion expert will be needed. 


. Fever has occurred within the first three weeks of therapy, sometimes with eosinophilia or 
abnormalities in one or more liver function tests. such as serum alkaline phosphatase, 
serum transaminases (SGOT, SGPT) bilirubin, cephalin cholesterol flocculation. 
prothrombin time, and bromsulphalein retention. Jaundice, with or without fever. may 
< occu, with onset usually within the first two tc three months of therapy. In some patients the 
findings are consistent with those of cholestasis. Rarely fatal hepatic necrosis has been 
--teported. These hepatic changes may represent hypersensitivity reactions; periodic 
determination of hepatic function should be dene particularly during the first 6 to 12 weeks 
of therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver function 
tests, or jaundice appear, stop therapy with methyldopa. If caused by methyldopa, the 
temperature and abnormalities in liver function characteristically have reverted to normal 
when the drug was discontinued. Methyldopa should not be reinstituted in such patients. 
Rarely, reversible reduction of white blocd cell count with primary effect on granulocytes 
has been seen. Reversible thrombocytopenia has occurred rarely. When used with other 
antihypertensive drugs, potentiation of antihypertensive effect may occur. Follow patients 
carefully to detect side reactions or unusual manifestations of drug idiosyncrasy. 
HYDROCHLOROTHIAZIDE— Use with caution in severe renal disease. In patients with 
renal disease, thiazides may precipitate azotemia. Cumulative effects may develop in 
patients with impaired renal function. Use with caution in patients with impaired hepatic 
function or progressive liver disease, sance miner alterations of fluid and electrolyte 
-> balance may precipitate hepatic coma. May add to or potentiate action of other 
~- antihypertensive drugs. Sensitivity reactions may occur in patients with or without a 
history of allergy or bronchial asthma. Possibility of exacerbation or activation of systemic 
lupus erythematosus has been reported. Lithium generally should not be given with 
diuretics because they reduce its renal clearance and add a high risk of lithium toxicity: 
read circulars for lithium preparations before use of such concomitant therapy. 
Pregnancy and Nursing: Use of any drug in women who are or may become pregnant 
requires that anticipated benefits be weighed against possible risks. 
Methyldopa and thiazides cross the placental barrier and appear in cord blood. 
No unusual adverse reactions have been reported in association with the use of 
methyldopa during pregnancy. Although no obvious teratogenic effects have been 
reported, the possibility of fetal injury cannot be excluded. 
The hazards of thiazides crossing the placental barrier include fetal or neonatal jaundice, 
thrombocytopenia, and possibly other adverse reactions which have occurred in adults. 
Methyldopa and thiazides appear in breast miik. Patients taking ALDORIL should not 
nurse. 
Precautions: METHYLDOPA— Should be used with caution in patients with history of 
previous liver disease or dysfunction (see Warnings). May interfere with measurement of 


Antihypertensive TABLETS 


Antinygeitensive TABLETS 
ALDORIL®-25 ALDORIL®.15 
methyldopa 250 mg and methyldopa 250 mg and 


hydrochiorothiazide 25 mg hydrochlorothiazide 15 mg 


urinary uric acid by the phesphotungstate method, serum creatinine by the alkaline picrate 
method, and SGOT by colorimetric methods. Since methyldopa causes fluorescence in 
urine samples at the same wavelengths as catecholamines, falsely high levels of urinary 
catecholamines may be repored. This will interfere with the diagnosis of pheo- 
chromocytoma. it is important to recognize this phenomenon before a patient with a 
possible pheochromocytoma is subiected to surgery. Methyldopa is not recommended for 
patients with pheochromocytoma. Urne exposed te air after voiding may darken because 
of breakdown cf methyldopa or its metabolites. Involuntary choreoathetolic movements 
have been observed in patients with severe bilateral cerebrovascular disease. If such 
movements occur, stop the drug. Patients may require reduced doses of anesthetics; 
hypotension occurring cur:ng anesthesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients on methyldopa because the drug is 
removed by this procedure. 


HYDROCHLOROTHIAZIDE-— Perform periodic determination of serum electrolytes to 
detect possible electrolyte imbalance. Observe ail patients for evidence of fluid or 
electrolyte imbalance, namely, hyoona’remia. hypochioremic alkalosis, and hypokalemia. 
Serum and urine electrolyte determinations are particularly important when patient is 
vomiting excessively or receiving parenteral fluids. Warning signs or symptoms of fluid 
and electrolyte imbalance include dryness of mouth. thirst, weakness, lethargy, 
drowsiness, restlessness, muse pains or cramps, muscular fatigue, hypotension, 
oliguria, tachycardia, and gastrointestinal disturbances such as nausea and vomiting. 
Hypokalemia may develop. especially with brisk diuresis, in severe cirrhosis, with 
concomitant corticosteroids or ACTH. after prolonged therapy, or with inadequate oral 
electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to toxic 
effects of digitalis {e.g., increased ventricular irritability). Hypokaiemia may be avoided or 
treated by use of potassium suppiements, such as foods with a high potassium content. 
Although any chloride deficit is generally mild and usually does not require specific 
treatment except under extracrdinary cicumstances (as in liver disease or renal disease), 
chicride replacement may be required in metabolic alkalosis. Dilutional hyponatremia 
may occur in edematous patients :n hot weather, appropriate therapy is water restriction, 
rather than administration of salt. except in rare instances when the hyponatremia is life 
threatening. In actual salt depletion, appropriate replacement is the therapy of choice. 


Hyperuricemia may occur or acute gout may be precipitated in certain patients. Insulin 
requirements in diabetic patents may be increased, decreased. or unchanged, latent 
diabetes mellitus may become manifest. Thiazides may increase responsiveness to 
tubocurarine. Antihypertensive effects cf the drug may be enhanced in postsympathec- 
tomy patients. May decrease arterial responsiveness to norepinephrine; this diminution is 
not sufficient to preclude effectiveness of the pressor agent for therapeutic use. If 
progressive renal impairment becomes evident. consider withholding or discontinuing 
diuretic therapy. Thiazides may decrease serum PBI levels without signs of thyroid 
disturbance. Calcium excretion is decreased by thiazides. Pathological changes in the 
parathyroid glands with hypercalcemia end hypophosphatemia have been observed in a 
few patients on prolonged therapy: thiazides should be discontinued before testing for 
parathyroid function. 

Adverse Reactions: METHYLDOPA- Central nervous system: Sedation, headache, 
asthenia or weakness: dizziness. lightheadedness. symptoms of cerebrovascular 
insufficiency, paresthesias, parkiasonism. Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements: psychic disturbances, including nightmares and 
reversible mild psychoses or depression. Cardiovascular: Bradycardia, aggravation of 
angina pectoris. Orthestatic hypotension (decrease daily dosage). Edema (and weight 
gain} usually relieved by use of a diuretic (Discontinue methyldopa if edema progresses 
or signs of heart failure appear: Gastrointestinal; Nausea. vomiting, distention, 
constipation, flatus, diarrhea. meld deyness of mouth, sore or “black” tongue, pancreatitis, 
sialadenitis. Hepatic: Abnormal liver function tests, jaundice, liver disorders. Hemato- 
logic: Positive Coombs test, nemolytic anemia. Leukopenia, granulecytopenia, thrombo- 
cylopenia. Positive tests for antinuclear antibody. LE cells and rheumatoid factor Allergic: 
Drug-related fever, lupus-like syndrome, myocarditis. Other: Nasal stufliness, rise in BUN, 
breast enlargement, gynecomastia, lactation, impotence, decreased libido, dermatologic 
reactions including eczema and lichenoid eruptions, miid arthralgia. myalgia. 


HYDROCHLOROTHIAZIDE—Gastroietestinal system: Anorexia, gastric irritation, nausea, 
vomiting, cramping, diarrhea. constipation, jaundice (intrahepatic cholestatic jaundice), 
pancrealitis, sialadenitis. Ceniza! nervous system: Dizziness. vertigo. paresthesias, 
headache. xanthopsia. Hematologie: Leuxopenia, agranulocytosis, thrombocytopenia, 
aplastic anemia, hemolytic anemia. Cardiovascular: Orthostatic hypotension (may be 
aggravated by alcohol, barbiturates, or narcotics). Hypersensitivity: Purpura, photosensi- 
taty, rash, urticaria, necrotizing angiitis (vasculitis) (cutaneous vasculitis), fever. 
respiratory distress including preumonitis, anaphylactic reactions. Other: Hyperglyce- 
mia. glycosuria, hyperuricemia, muscie spesm, weakness, restlessness, transient blurred 
vision. Whenever adverse reactions are moderate or severe, thiazide dosage should he 
reduced or therapy withdrawn. 

Note: Tolerance may occur, usually between the second and third month of therapy. 
increasing dosage of either companen! seperately or together frequently restores effective 
control. Patients with impaired renal fenction may respond to smaller doses. Syncope in 
older patients may be related to increased sensitivity and advanced arteriosclerotic 
vascular disease: this may be avcided by lower doses. 

How Supplied: Tablets ALDORIL®-15, containing 250 mg methyldopa and 15 mg 
hydrochlorothiazide, bottles of 100 and 1009: Tablets ALDORIL®-25, containing 250 mg 
methyidopa and 25mg hycrochlorothiazide, bottles of 100 and 1000: Tabiets 
ALDORIL® D30, containing 500 mg methyldopa and 30 mg hydrochlorothiazide, bottles 
of 100; Tablets ALDORIL® D50, confainirg 500 mg methyldopa and 50mg hydro- 
chiorothiazide, bottfes of 100. 

For moredetailed information, consult your MSD representative or see full MSD 
prescribing information. Merck Sharp & Dohme, Division of Merck & Co., 

Inc. West Point, PA 19486. J9ARIOR? (626) 
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Brief summary of prescribing information 


DESCRIPTION: Klorvess Effervescent Granules: Each packet 
{2.8 g} contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate 0.5 g, 
L-lysine monohydrochioride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescent formulation. Dissolution ofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chioride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochioride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoontul 
(45 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochioremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: in response to arise in the concentration of body 
potassium, renal excretion of the ion is increased.in the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Kiorvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness., 
mental confusion, a fail in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
ally, an apparent elevation of the RS-T junction and a cove plane 
RS-T segment and T wave will be noted in AVL. 

DOSAGE AND ADMINISTRATION: Klorvess Effervescent 
Granules: Adults—One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 

Klorvess (potassium chioride) 10% Liquid: Adults—One table- 
spoonful (15 mi) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meais or 
immediately after eating. 

OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
Stated under “Contraindications”’ Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: Kiorvess Effervescent Granules— packages of 
30 packets (2.8 g each). Klorvess (potassium chloride} 10% Liquid 
(dark red}—as a cherry-with-pit flavored liquid in pint and galion 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: Kiorvess Effervescent 
Granules— packages of 1000 packets; Klorvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 mi Unit- 
Dose bottles. 


{For complete details, please consult full prescribing information) 
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..during episodes of emotional stress or physical exertion 


+ 


SUMMARY OF PRESCRIBING INFORMATION 


Indications: Based on a review of this drug by The National Academy 
of Sciences— National Research Council and/or other information 
FDA has classified the indications as follows: 

“Probably” effective: The chewable dosage form of SORBITRATE 
is indicated for the treatment of acute anginal attacks and for prophy- 
laxis in situations likely to provoke such attacks 

Final classification of the less-than-effective indications requires 
further investigation. 


Contraindications: A history of sensitivity to the drug 
Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may 
be severe and persistent. Lowering the 
dose and using analgesics will help control 
the headaches which usually diminish or 
disappear as therapy is continued 
Adverse reactions seen cccasionally 
Cutaneous vasodilation with flush- 
ing; transient dizziness and weak- 
ness as well as other signs of cere- 








Up to 2 hours of angina 
protection. At mealtime 
and any other time of stress. 2iccisccsccco: 


bral ischemia associated with postural hypotension; individual marked 
sensitivity to the hypetensive effects of nitrates wherein severe response: 
can occur even with the usual therapeutic dose (alcohol may enhance 
this effect); drug rash and/or exfoliative dermatitis 

This drug can act as a physiologicalantagonistto norepinephrine, acetyl 
choline, histamine and other agents 


Dosage and Administration: /ndividual Dose: To minimize hypotensive 
responses, which may occasionally be severe with chewable doses as 
low as 5 mg.. the smallest effective dose should be employed. Chewabl 
tablets are generally given in doses of 5 mg 

Dosage Schedule:-Smatiest effective dose necessary for the prevention 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE® 
{isosorbide dinitrate) may be taken fo 
prompt relief of angina pain three or four 
times daily. Although the onset and dura 
tion of effect of coronary nitrates may 
vary. following is the generally reported 
range of these values for CHEWABL 

SORBITRATE 


CHEWABLE SORBITRATE 


ISOSORBIDE DINITRATE 


5ma.and 10m 
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CLINICAL STUDIES 


535 Detection of Coronary Artery Disease: Comparison of Exercise Stress Radionuclide 
Angiocardiography and Thallium Stress Perfusion Scanning 


JAMES A. JENGO, RONALD FREEMAN, MARIANNE BRIZENDINE and ISMAEL MENA 


in this study of 16 normal subjects and 42 patients with more than 75 percent coronary arterial obstruction, only 
81 percent of the latter manifested significant S-T segment depression during exercise stress whereas 93 per- 
cent manifested thallium perfusion defects and 98 percent demonstrated abnormalities in segmental wall motion 
on radionuclide angiography. in patients with prior myocardial infarction who manifested new exercise abnor- 
malities, 50 percent showed new thallium defects and 81 percent new wall motion defects. Radionuclide angiog- 
raphy may be mare sensitive in detecting new ischemic disease in patients with prior myocardial infarction and 
offers previously. unobtainable data on left ventricular function and anatomic site of disease. 





542 Left Ventricular Ejection Fraction Determined by Radionuclide Ventriculography in Early Stages of 
First Transmural Myocardial infarction. Relation to Short-Term Prognosis 


PREDIMAN K, SHAH, MAX PICHLER, DANIEL S. BERMAN, BRAMAH N. SINGH and HAROLD J. C. 
SWAN 


Multiple gated. equilibrium cardiac blood pool scintigraphic studies (radionuclide ventriculography) within 24 
hours of the onset of a first acute transmural myocardial infarction show that left ventricular ejection fraction is 
significantly reduced in acute anterior myocardial infarction but not in inferior infarction except in patients with 
associated precordial S-T segment depression. An ejection fraction of 0.30 or less has a poor prognosis and is 
associated with a high risk of hospital morbidity and mortality from pump failure. The ejection fraction is there- 
fore a sensitive marker of ventricular dysfunction in the early stages of acute transmural infarction. itis possible 
that in some instances the reduced ejection fraction may partly be due to reversible but persisting ischemia that 
may be arnenable to therapeutic interventions. The electrocardiographic site of myocardial infarction may also 
bear importantly on the severity and frequency of depressed ejection fraction. 


547 Serial Ambulatory Electrocardiography and Treadmill Exercise Testing After Uncomplicated 
Myocardial Infarction 


ROBERT F. DeBUSK, DENNIS M. DAVIDSON, NANCY HOUSTON and JOHN FITZGERALD 


In this study of 90 men after clinically uncomplicated myocardial infarction the peak frequency of premature 
ventricular complexes recorded with ambulatory electrocardiography or treadmill exercise testing did not 
change significantly after the 3rd week. Ischemic S-T segment depression of 0.2 mV or greater or a peak work 
load of less than 4 multiples of resting energy expenditure (METS).on the 3rd week treadmill test was significant- 
ly associated with recurrent coronary events within 24 months. In patients without clinical heart failure treadmill 
testing as soon as 3 weeks after myocardial infarction may yield prognostic information not available with ambu- 
latory electrocardiography or exercise testing later. There appears to be no apparent diagnostic advantage in 
performing additional ambulatory monitoring after the 3rd week. Ambulatory electrocardiographic monitoring 
and treadmill exercise testing find their optimal application in different patient subsets. 
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INTERMEDICS PULSE GENERATORS 

INDICATIONS FOR USE Implantable cardiac pulse generators 

may be indicated for long-term treatment of impulse forma- 

tion and conduction disorders resulting in symptomatic 

bradyarrhythmias, tachyarrhythmias, and heart block unre. 

sponsive to drug therapy. 

PRECAUTIONS Implanted pacemakers have a finite and rela- 

ively wide variable service life as a result of factors such as the 
~tv of the battery and the shelf storage time of the 


manufactured pacemaker; variations in electrode system resis 


tances, stimulation rate, and the percentageof time the im 
planted pacemaker is inhibited; and random electronic 





component failures 
Pacemaker operation can be influenced by electric, magne 
tic, or electromagnetic energy mimicking normal cardiac ac- 
tivity. In addition, certain environmental sources can couple 
sufficient energy into a pacemaker system te damage the pulse 
generator ecifically, diathermy should no! 





be used on 





pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib- 
rillation; defibrillation can damage the pacemaker, and the 
presence of the pacemaker may cause increased cardiac muscle 
damage from defibrillation. Certain electrical and gasoline- 
powered appliances can cause inhibition of an implanted 
cardiac pacemaker system 

For complete precautions, see the Physician's Manual for 





the Intermedics cardiac pulse generator to be used. 
{-CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a 
medical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
and nerve stimulation, embolism, and cardiac tamponade 
have been reported. 
Neither of the models pictured are cardiac pacemaker 
patients. 


You want her pacemaker 


to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith.” 





A thinner, lighter pacemaker 
for your patient’s well being. 


No one has to tell you that a 
pacemaker implant raises a num- 
ber of concerns among your 
patients. One concern many of 
your patients may share is, very 
simply, “How much will it show?” 
At Intermedics, we are cognizant 
of this concern. We've designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving you out- 
standing pacemaker reliability ina 
trimmer, more compact size. 

Clinical experience with 
Intermedics unipolar ThinLiths 
demonstrates an average monthly 
failure rate of only 0.0105 per cent 
per month.* In addition, the lighter 
weight, reduced thickness and 
smoothly rounded corners reduce 
pocket bulge and add to the post- 
operative comfort of your patients. 


Also, the ThinLith design helps to 
reduce skin pressure necrosis and 
the chances of pacemaker migra- 
tion within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients’ concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those desig- 
ner originals. Contact your 
Intermedics representative for 
more information on the reliability 
of our ThinLith series. 


Typical dimensions of available ThinLiths 


Height Width Thickness Weight Volume 








(cm) (cm) _ (cm) (g) (cm3) 
ThinLith II 6.0 4.6 Ve 68 27.5 
ThinLith I 5.1 46 11 55 Rue 
Part of a Superior Pacing 


System From Intermedics. 


4@ Intermedics Inc. 


PO. Box 617 
Freeport, Texas 77541 


Our business is life.™ 


ThinLith® is a registered trademark of Intermedics, Inc 
©Copyright 1980, Intermedics, Inc., Freeport, Texas 


*Based upon 56,997 device months’ 
experience post first 30 days. 


INDICATIONS—Based on a review of this drug by 
the National Academy of Science-Nationai Research 
Council and /or other information, FDA has classified 
the indication as follows: 


"Possibly" effective: For long-term therapy of chronic 
angina pectoris. Prolonged therapy may reduce the 
frequency or eliminate anginal episodes, improve ex- 
ercise tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the acute 
anginakattack. 


Final classification of the less-than-effective indica- 
tions requires further investigation. 


CONTRAINDICATIONS—No specific 
contraindications are known. 


PRECAUTIONS—Since excessive 
doses can produce peripheral vasodila- 
tion, the drug should be used cautiously 
in patients with hypotension. Persantine 
tablets, 25 mg, contain FD&C Yellow No. 
5 (tartrazine) which may cause allergic- 
type reactions (including bronchial 
asthma) in certain susceptible in- 
dividuals. The incidence of sensitivity 

is generally low, but frequently seen in 
patients with aspirin hypersensitivity. 
ADVERSE REACTIONS— Adverse reac- 
tions are minimal and transient at 


recommended dosages. Instances of 
headache, dizziness, nausea, flushing, 
weakness or syncope, mild gastroin- 
testinal distress and skin rash have been 
noted during therepy. Rare cases of 
what appeared to De an aggravation of 
angina pectoris have been reported, 
usually at the initiation of therapy. On 
those uncommon occasions when ad- 
verse reactions have been persistent or 
intolerable, withdrawal of medication 
has been followed promptly by cessa- 
tion of undesirable symptoms. 


DOSAGE AND ADMINISTRATION— 
The recommended dosage is 50 mg 


hree times a day, taken at least one 
nour before meals. In some cases 
nigher doses may be necessary but a 
significantly increased incidence of side 
effects is associated with increased 
dosage. Clinical response may not be 
avident before the second or third 
month of continuous therapy. 


Tablets of 25 mg and 75 mg 


For complete details, please see the furl 
prescribing information. 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 





~ CONTENTS 








555 Ventricular Compliance in Ischemic Right Ventricular Dysfunction 


ISABEL COMA-CANELLA and JOSE LOPEZ-SENDON 


This hemodynamic. study found ischemic right ventricular dysfunction in 54 patients with acute myocardial in- 


farction and a right atrial pressure disproportionately increased in relation to the pulmonary capillary pressure: =< 
The right atrial pressure curve in 74 percent of the patients showed a noncompliant M- or W-shaped pattern simi- = 
lar to that found in constrictive pericarditis. The severe noncompliant pattern was significantly related to the. 
presence of a low output syndrome and mortality from this cause. The simple noninvasive jugular venous pulse. 
tracing had a pattern quite similar to that of the right atrial pressure in this study and, in a large proportion of 


cases, could assist in diagnosing right ventricular dysfunction and in estimating prognosis of these patients. 


562 Negative intraventricular Diastolic Pressure in Patients With Mitral Stenosis: Evidence of Left 


Ventricular Diastolic Suction 
HANI N. SABBAH, DANIEL T. ANBE and PAUL D. STEIN 


Hemodynamic measurements in 15 patients with mitral stenosis and in 16 patients with no significant heart dis- 
ease revealed a negative ventricular diastolic pressure during left ventricular filling in the first group but not in 
the second. The negative diastolic pressure in the patients with severe mitral stenosis appeared related to the 
maintenance of a vigorous contraction that exerted a strong sucking action to draw blood through the reduced 


« inflow orifice. The presence of a negative diastolic intraventricular pressure in these patients suggests that the 


dynamics of the ventricle during diastole may participate in its filling process. 


567 Echocardiography in Assessing Acute Pulmonary Hypertension Due to Pulmonary Embolism 


WOLFGANG KASPER, THOMAS MEINERTZ, FRIEDRICH KERSTING, HERBERT LOLLGEN, PETER 
LIMBOURG and HANJORG JUST 


This study in 18 patients with acute pulmonary embolism demonstrates that a dilated pulmonary artery delin- 
eated by suprasternal echocardiography indicates an increase in pulmonary arterial pressure. Precordial echo- 
cardiography revealed that right ventricular dimension was increased in 13 of 16 patients and left ventricular di- 
mension decreased in 10 of 15 patients. The ratio of right to left ventricular end-diastolic diameter correlated 
well with the angiographic index of severity of embolic obstruction in the patients with acute pulmonary embo- 
lism. These results indicate that combined suprasternal and precordial echocardiography appears to-be a valu- 
able noninvasive technique in the assessment of acute pulmonary hypertension in patients with acute pulmonary 
embolism and no known prior cardiopulmonary disorder. 


-573 Hemodynamic Observations in Patients With Left Ventricle to Aorta Conduit 


MICHAEL R. NIHILL, DENTON A. COOLEY, JOHN C. NORMAN, GRADY L. HALLMAN, and DAN G. 
McNAMARA 


The implantation of a composite conduit between the left ventricular apex and abdominal aorta appeared effec- 
tive in relieving severe and otherwise inoperable left ventricular outflow tract obstruction.and in preserving or 
improving left ventricular function and aortic hemodynamics in 14 patients ranging from 9 to 72 years of age. An 
average of 36 percent of the left ventricular output was ejected through the conduit. Postoperatively, the left ven- 
tricle to aorta pressure gradients were reduced from an average preoperative value of 100.6 mm Hg to 22.1; left 
ventricular end-diastolic volume averaged 87.5 percent of normal and cardiac index and ejection fraction were 
normal in all but one patient. Follow-up of some patients up to 48 months postoperatively indicates that this op- 
eration is tolerated well and permits normal exercise, growth and development in children. 


EXPERIMENTAL STUDIES 


583 Electrophysiologic and Anatomic Correlates of Sustained Ventricular Tachyarrhythmias in a Model of 
Chronic Myocardial Infarction 


ERIC L. MICHELSON, JOSEPH F. SPEAR and E. NEIL MOORE 


Correlation of electrophysiologic data with histopathologic findings in 10 adult mongrel dogs 3 or more days after 
two stage occlusions of the mid or distal left anterior descending coronary artery revealed a milieu of anatomic 
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The tasteless Slow- K tablet that 
doesn't insult food 





(potassium chloride 
slow-release tablets 8 mEq 


_ The right taste 
The right taste in potassium 
supplementation is no taste or after- 


- “taste, That’s the taste of Slow-K. 


Tasteless. Even when taken with 
meals, it allows patients to enjoy the 
flavor of food. Compare this with 
liquid K's or eee taste. It’s easy 
to see why Slow-K was the over- 
whelming choice of patients in taste 
comparisons with liquid KC] and 
potassium gluconate preparations: ” 


The right salt 


Potassium chloride, the active 
ingredient of Slow-K, “...is the salt 
of choice to correct the hypokalaemic 
alkalosis resulting from thiazides and 
related diuretics. ...”3— 


The right delivery 

Slow-K delivers KCI slowly, 
through controlled, gradual release 
within the gastrointestinal tract. Pa- 
tients encounter much less nausea, 
heartburn and diarrhea than with 
liquid KCI, as demonstrated by com- 
parative studies. ! (Occurrence of ab- 
dominal cramping was comparable.) 


Patients also appreciate the con- 
venience of a small, easy-to-carry 
Slow-K tablet. _ 


Slow-K.. .When compliance 
with liquid K supplements 
is a problem* 


*Siow-release potassium chloride tablets should be reserved 
for patients who cannot tolerate: reluse to take, or haye corm- 
pliance problems with liquid K preparations because of re- 
ports of G! ulceration and.bleeding with slow-release KCI rab- 
lets {total number of Gl lesions in-both foreign: countries and 
the United States remains less than one per 100,000 patent 
years). The incidence of lesions with enteric-coated KCI tab- 
lets is 40-50 per 100.000 patient-years. 


References 

1. Files of the Medical Research Department, CIBA Pharma- 
ceutical Company, Summit, New Jersey. 

2. Tarpley EL: Controlied-reiease potassium supplementation. 
Curr Ther Res 76 (7):734-741 (duly) 1974. 

3. Editorial: Slow-K. quick quick. slow. The Lancet / (7889): 
1123-4124 {Nov 93 1974. 
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SLOW-K* 7 
(potassium chloride) 
-slow-release tablets 


DESCRIPTION i 
Slow-K iS asugarcoated {not entenc-coaled) tabiel containing 600 mg potas- 
= gium chloride (equivalent to B mEg} m a wax matrix This formulation is in- 
{tended te provide a controlled release of potassium from the matox to 
eminimize the likelihood of producing tgh localized concentrations of potas- 
gun within ihe gasteointestinal tract 
INDICATIONS 
BECAUSE. OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION 
OU AND BLEEDING WITH SLOW- RELEASE POTASSIUM CHLORIDE PREP- 
“CARATIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PA- 
TIENTS WHO CANNOT TOLERATE CR REFUSE TO TAKE LIQUID OR EF- 
“FERVESCENT POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM 
- THERE (S.A PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 
1, For therapeutic wee in patients wih hypokalemia with or wihoul metabolic 
alksiosis, n digitalis intoxication and on panhents with hypokalemic famal 
perode paralysis 
2. Fer prevention of pofassium depletion when ihe dietary mtake of potassium 
ig inadequate in the folowing conditions: Patents recenwing digitalis and 
diurehes fer congestive heart fgilure, hepatic cirrhosis with ascites. states of 
aldosterone excess with normal renal fusction, polassium-losing nephropathy, 
and certam diarrheal states 
3. The use of potassium saits in pahents receiving dureles for uncompiicated 
essential hypertension is often unnecessary when such patients have a nor 
mal dietary patiern Serum potassium should be checked penodically. how- 
aver and. f hypokalemia occurs. dietary supplementation with potassium- 
containing foods may be adequate to contro! milder Cases in more severe 
cases supplementation wih potassium salts may be inchcated 
T CONTRAINDICATIONS 
“Ai patients with hyperkalemia. since a Ruriher increase m serum potassium 
“eancentation m such patents can produce cardiac arrest. Hyperkalerua may 
cspOrmolicale any of ihe loflowing conditons: chronic renal failure. systemig 
acdosis such as diabenc acidosis. acute dehydration. extensive tissue 
breakdown as in severe burns, adrenal insufliciency or the administration of a 
poassum-spanng diuretic (eg. spirono‘actone, tnamterene} 
| GWNas-rmainx potassium chionde preparations nave produced esophageal ub- 
cefation in certain cardiac pahents with esophageal compression due to 
enlarged ilet atrium 
©All solid dosage forms of potassium supplements are comtraindicaled in any 
“patent in whom there 1s Cause for arrest or delay ^ tablet passage through the 
GL tact. ir these instances, potassium sugplementation should be with a 
2 qud preparation 
ST WARNINGS 
Hyperkalemia: in patents wih mpaxed mechanisms for excreting potassium 
adminisiration of potassium salts can produce hyperkalemia and cardiac 
arrest. This @ccurs most commonly in pahents given potassium intravenously 
oul may algo occur when given orally Potentially fatal hyperkalemia can 
develop rapidly and be asynptornatic Use o! potassium salts in patients with 
chrocic renal disease. or any other condition which impairs potassium excre- 
hon, saquires particularly careful monvoring of the serum potassium concen- 
vation and appropnale dosage adjustment 
interaction with Potassium-Sparing Diuretics: Hypokajemia should not be 
treated by the concomitant administrator of potassium salts and a potassium- 
spanag d í olactone or tiamierene}, since the simultaneous 
administral S ı produce severe hyperkalemia 
Gastrointestinal lesions: Potassium chionde tablets have produced stenotic 
andio uicerative Jesions of the small bowel and deaths. These lesions are 
caused by a high localized concentrator of potassium ion in the region of a 
rapidly dissolving tablet. which injures the bowel wall and thereby produces 
obstruction, hemorrhage., or perforation. Slow-K is a wax-matnx tablet formu- 
lated to provide a controled rate of release of potassium chioride and thus to 
minimize the possibility of a nigh local corcenvation of potassium ion near the 
bowel wall While the reported lrequency of smail-bowe! lesions is much Jess 
with wax-matrix tablets (ess than one par 100,000 patent-years) than with 
antene-coaied potassium chloride tablets (46-50 per 100,000 patient-years} 
cases assocaled with wax-matrix tablets nave been reported bath in foreign 
countres and in the United States. in addition. perhaps because Ihe wax- 
matas preparations are not entenc-coaied and release potassium in the 
stomach, there have been reports of upper gastrointestinal bleeding as- 
sociated with these products. The total number of gastrointestinal lesions 
remains less than one per 100.000 patient-years. Siow-K should be discontin- 
ued mmediaialy and the possibility of bowel cbstruction or perforation cor- 
sidered ¢ severe vomiting. abdominal pain, distention, or gastrointestina! 
bleeding occurs. 
Metabolic acidosis: Hypckaiemia in patients with metabolic acidosis should 
be treated wilh an alkalimzing potassium salt such as potassium bicarbonate, 
potassium citrate. or potassium acetate 
PRECAUTIONS 
Potassium depletion is orinanly diagnosed by demonstrating bypokalema in 
a patient with a clinical history suggesting some Cause for potassium depie- 
tion, in interpreting the serum potassium tevel, the physician should bear in 
mind that acute alkalosis per se can produce hypokalemia n the absence ot a 
deficat -n totalbbody potassium, while acute acidosis per se can increase the 
serum polasseim concentration into the normal range even in the presence of 
a reduced totai body potassium. Treatment of potassium depietion. particu- 
larly on presence of cardiac disease. renal disease, of acidosis, requires 
careful attention to acid-base balance and aporopnate monitoring of serum 
elactolytes. evectrocardiogram, and clinical status of pateni 
ADVERSE REACTIONS 
Most commonto oral potassium saits. nausea, vomiting. abdominal discom- 
fort, and diarrhea. These symptoms are due to irritation of the gastrointestinal 
tract and are best managed by diluting the preparation further, taking the dose 
with meals. or seducing the dase. 
One of the mest severe adverse effects is hyperkalemia {see Contraindica- 
tions and Wasnings). There also nave been reports of upper and lower 
gastrointestinal conditions including obstruction, bleeding, ulceration and 
perforation (see Contraindications and Warnings}: other factors known to be 
associaled with such conditions were present in many of these patients 
Skin rash has been reported rarely 
DOSAGE 
Usual dietary intake of potassium by the avesage aduit 1s 40 to BO mEq per day 
Potassium depretion sufficient to cause hypokalemia usually requires loss of 
260 of more mEg of potassium from the total body store 
Dosage must De adjusted to the individual needs of each patient but is 
typically in the range of 20 mEq per day for prevention of hypokalemia to 
46-106 mEq per day or more for treatment o potassium depletion 
Note: Siow-K slow-release tablets must ze swallowed whole and never 


crushed or chewed 
667112 C78-23 (4/78) 
Consuit complete product ierature betore prescribing. 128-02338-Ot 



















CIBA Pharmaceutical Company 
Divison of CIGA-GEIGY Corporation 
Summi, New Jersey 0790 
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indications and Usage: Sprptomatic relief of anxiety, tension, agitation, irritability and 
insomnia associated with ansiety neuroses and transient situational disturbances, anxiety 
associated with depressive symptoms-and as a treatment of symptoms-of anxiety if such symp- 
toms are a significant feature of functionat or organic disorders, particularly gastrointestinal or 
cardiovascular. 

Effectiveness in long-term use. ie.. more than 4 months. has not been assessed by system- 
atic clirical studies. Reassess periodically usefuiness of the drug for the individual patient. 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma. 


‘Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs. warn patients or: Jorazepam not to operate machinery of motor vehicles, and of 
diminished tolerance for aicohel and other CNS depressants. 

Physical and Psychological Gependence: Withdrawai symptoms like those noted with barbi- 
turates and alcohol have oceurred following abrupt discontinuance of benzodiazepines 
#aciuding convulsions, tremor, abdommal and muscle cramps, vomiting and sweating). Addic- 
gon-prone individuals. e.g. drug addicts and alcoholics. should be under careful surveillance 
when on benzodiazepines because of their predisposition to habitustion and dependence 
Withdrawal symptoms have also beer reported following abrupt discentinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months 


Precautions: in depression accompanying anxiety. consider possibility for suicide. 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated. anaiety. agitation, irritability, tension, insomnia and occa- 
sonal convulsions 

Observe usual precautions with impaired rena! or hepatic function. 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not Been shown of significaat beneñit in treating gastrointestinal or sardiovascular compo- 
nent. 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
Emg kg day. No effect dose was 125mg/kg/day (approximately 6 times the maximum human 
therapeutic dose of 10mg/ day). Effect was reversible only when treatment was withdrawn within 
2 months of first observation. Cknical significance is unknewn: but use of lorazepam for pro- 
longed periods and in geriatric patients requires caution and frequent manitoring tor symptoms 
of upper G1. disease 

Safety and effectiveness in children under 12 years have not been established. 


ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia, some have hac 
eievations of LDH. As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term thesapy. 

CLINICALLY SIGNIFICANT ORUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alconol. 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 18-month study. No studies regarding mutagenesis have been performed. 
PREGNANCY: Reproductive studies were performed in mice, rats. and 2 strains of rabbits. 
Occasional anomalies (reduction: of tarsals, tibia, metatarsals, mairotated limbs. gastroschisis, 
malformed skull and microphthaimia) were seen in drug-treated rabbits without relationship to 
desage. Although all these anomalies were not present in the concurrent control group, they 
have been reported to occur randomly in historical controls. At 40mg/kg:and higher, there was 
evidence of fetal resorption and increased fetal-loss in rabbits which was not seen at tower 
doses. Clinical significance of these tindmgs is not known. However. increased risk of cangeni- 
tai malformations associated with use of miner tranquilizers (chlordiazepoxide, diazepam and 
meprobamate} during first trimester of pregnancy has been suggested in several studies. 
Because use of these drugs is rarely a matter of urgency, use of lorazepam during this period 
should almost always be avoided: Possibility that a woman of child-bearing potential may be 
Pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physiciar-about desirability of discantinuing the drug. 

ir humans, blood levels from umbilica! cord blood indicate placental transfer of iorazepam 
and its glucuronide 
NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a general ruie. nursing should not be undertaken while on a drug since 
many drugs are excreted in milk. 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. ira sample of about 3,500 anxious 
patients. most frequent adverse seactior is sedation (15.9%), followed oy dizziness (6.9%). 
weakness (4 2%) and unsteadiness (3.4%). Less frequent are disorientation, depression, nau- 
sea change in appetite. headache. sleep disturbance, agitation. dermatological symptoms, eye 
function disturbance. various gastrointestinal symptoms and autonomic manifestations. inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have Deen noted but are not clinically sigrficant, probably being related to-relief of anxiety. 


Overdosage: in management of overdosage with any drug, bear in mind that multiple agents 
may “ave been taken. Manifestations of overdosage include semnoience, confusion and coma 
induce vomiting and/or undertake gastric avage followed by genera! supportive care, monitor- 
ing of vitai signs and close observation. Hypotension, though unlikely, usua%y may be controlled 
with Levarterenol Bitartrate injection U.S P Usefulness of dialysis has not been determined. 


Ativan: 
Anxiety 


Dosage: individualize for maximum beneficial effects. increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or Lid; dosage 
may vary from 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 


Wyeth Laboratories 


| í Philadelphia, PA 19101 


T 


Copynght # 1979. Wyeth Laboratones 
Div of AHPC. N YN Y All nghts reserved 


The anxious hear t.s- anxiety so often 


accompanies cardiovascular disease, you may wish to institute 
adjunctive therapy to help bring this complicating factor under control. 

Seven benzodiazepines are now at your disposal. All of them are 
anxiolytics. One of them—Ativan (lorazepam)—has been specifically 
evaluated in seven double-blind, controlled studies involving 423 patients 
(211 on Ativan) and found significantly effective in the relief of 
anxiety associated with organic and functional cardiovascular disorders. 
The cardiovascular component has not, of course, been shown to be 
significantly benefited by such therapy. 

In addition to this outstanding record of clinical usefulness, Ativan offers 
you a unique pharmacokinetic profile. Unlike older benzodiazepines, 
it does not generate multiple active metabolites; steady-state serum levels 
are rapidly achieved and disappear rapidly once you decide to 
discontinue therapy. (The pharmacokinetic profile of a drug can define 
such characteristics as absorption, distribution, metabolism and 
elimination but cannot, at present, be directly related to its therapeutic 
effectiveness.) 

Compatible with cardiotonics, antihypertensives, diuretics, 
anticoagulants and nonnarcotic 
analgesics*...usually well 
tolerated...simple to use on a 
b.i.d. schedule...a preferred 
prescription to control anxiety in 
cardiovascular disease. 


*No evidence of any clinically significant interaction 
between Ativan and any other medication given 
concomitantly was observed in clinical studies. 

All benzodiazepines, However, including Ativan, 
produce added CNS depressant effects when 
administered with alcohol and other CNS 
depressants. 





See important information on preceding page. 


Ativan. 


Rh (lorazepam) 
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and electrophysiologic heterogeneity sufficient to predispose to the initiation of sustained reentrant ventricular 
tachyarrhythmias by programmed electric stimulation. Nine of the 10 animals had reproducibly sustained ven- 
tricular tachyarrhythmias after the use of routine methods of programmed electric stimulation. This model also 
produces small infarctions so that the animals remain in clinically stable condition and may tolerate ventricular 
tachyarrhythmias without rapid hemodynamic deterioration. It appears suitable fer the further evaluation of both 
the mechanisms of arrhythmias and the effects of potential therapeutic regimens. 


-591 Scanning Electron Microscopy After Coronary Transluminal Angioplasty of Normal Canine Coronary 
Arteries 


RICHARD ©. PASTERNAK, KENNETH L. BAUGHMAN, JOHN T. FALLON and PETER C. BLOCK 


Scanning electron microscopy to assess morphologic changes caused by the angioplasty balloon catheter in the 
normal coronary arteries of 11 dogs. showed loss of epithelium and stimulated platelet adhesion and thrombus 
formation. The intima was severely damaged in the dogs pretreated with aspirin, but the administration of low 
molecular weight dextran helped prevent the immediate layering of platelets. The long-range effects of endothe- 
tial damage indeced by angioplasty remain unclear. However, the model used in these experiments offers a good 
method for conducting long-range observations on the possible consequences of coronary transluminal angio- 
plasty and the effects of antiplatelet interventions. 





PEDIATRIC CARDIOLOGY 


599 ` Collateral Vessels Between the Coronary and Bronchial Arteries in Patients With Cyanotic Congenital 
Heart Disease 


HARRAN Y. ZUREIKAT 


This prospective study using selective coronary arteriography found collateral vessels between the coronary and 
bronchial arteries in 5-of 23 patients with cyanotic congenital heart disease but none in 214 subjects with non- 
cyanotic. congenital heart disease. Such collateral vessels from the coronary arteries provide an increment to 
pulmonary biocd flow in patients with cyanosis and diminished pulmonary flow. The presence of collateral ves- 
sels could not be detected clinically by auscultatory bruits, characteristic. X-ray findings or electrocardiographic 
evidence of ischemia. 


604 Electrocardiogram in Double Chamber Right Ventricle 


KALMAN J. GOITEIN, WILLIAM H. NECHES, SANG C. PARK, ROBERT A. MATHEWS, CORA C. 
LENOX and JAMES R. ZUBERBUHLER 


Examination of the electrocardiograms in 30 patients with a double chamber right ventricle as.a result of ob- 
struction by areanomatous muscle bundle revealed that 40 percent had upright T waves in lead VR as the only 
electrocardiographic finding suspicious of right ventricular hypertrophy. This abrormality in the absence of other 
electrocardiographic evidence of right ventricular hypertrophy in patients with the clinical diagnosis of ventricu- 
lar septal defect alone or in association with other anomalies should alert the clinician to the possibility of double 
chamber right ventricle prior to cardiac catheterization. 


STUDIES IN HYPERTENSION 


609 Saralasin infusion in Screening Patients for Renovascular Hypertension 
LAWRENCE R. KRAKOFF, ARTUR B. RIBEIRO, JANET U. GORKIN and KATHERINE R. FELTON 


These results of screening 19 patients with and 34 without proved renovascular hypertension by infusion of sara- 
petitive antagonist of angiotensin ll, indicate that only 25 percent of positive saraiasin tests will cor- 
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he heart of the matter 


in hypertension 
is the kidney 


The kidney—not the heart—is the key 
t -term arterial pressure control. 
ics help the kidney excrete so- 
, reduce fluid volume and lower 
blood pressure. 


No diuretic blocks sodium retention 
longer than Hygroton. 


In mild hypertension low-dose 


Hygroton 25 mg. An effective, 
conservative therapy. 


In mild hypert 


fiygroti 


BRIEF SUMMARY 
Indications: Hypertension, adjunctive therapyiyedemay 
Contraindications: Anuria. hypersensitivitytochlorthalid®ne or other 
sulfonamide-derived drug 
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certain paflenis® Insulin réquifementSin diabetic patients May beiincreased, * 
decreased, 6r unchanged and latént diabetes mellituSmay become ` 
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responshgjiess to tubo@urarine. Theiantihypertensive &ffectsofi 
may be e@fianced in thépostsympathectomy patient. Chlorthalid@n 
related d@ugs may decr@ase arterial tesponsivéness to norepinepan 
progressivefenal impairment becomes evident, as indicated Bý a 
nonprotdin nitrogen orBlgod urea nitrogen, a careful reappraisakof 

is necessary With consideration given to withholding or discofiifiūin 
diuretic therapy. @blorthalidOne and related drugs may decrease Ser 
levels with@ut signs Of thyroid disturbance. 

Adverse Réactions/Anorexiaygastric irritation, nausea, vomiting, 
cramping. dia'fhea, coñstipatiom jaundice (intrahepatic chólēstatig 
jaundice). pancreatiigagizZimess. Véctigo. paresthesias, h@aGache 
xanthopsia; leukop¢mia, agranulocytdsis, thrombocytop¢nia. aplastic 
anemia: purpura, photosensitivity. rash. urticaria, necrofizing angiitis 
(vasculitis) (cutang@us Wasciiifis), Lyells syndrome (toxic epidermal 
necrolysis). Orthogtati¢ mee O! may occur and may be aggravali 
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alcohol, barbituratés ofMarc6lics. Otheradverse reactiĝns inclbde 
hyperglycemia glycosuna hypefuricemta, muscle spa§m, weakness, 
restlessness, imp@teace, WheneVer adverse reactions are mogerateing 
severe. chiorth fe dosage should bereduced or thefapy withdraw qi 
Usual Dose: @ne tablet daily A 
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(quinidine gluconat 
CONTRAINDICATIONS: 
Aberrant impulses and abnormal 
rhythms due. to escape mechanisms 
should not.be treated with quinidine. 

Partial A-V or complete heart block. o 
intraventricular conduction defects, 
especially those exhibiting a marked 
grade of QRS widening. 

Renal disease resulting in significant 
azotemia, or those developing cardio- 
toxic effects such as conduction defect 
ventricular premature beats, ventricu! 
tachycardia or flutter while on the dru 

Marked cardiac enlargement, particu 
larly with congestive failure. poor renz 
function. and especially renal tubular 
acidosis. . 

idiosynerasy or hypersensitivity to 
quinidine. 

WARNINGS: 

in the treatment of atrial flutter, rever- 
sion to sinus rhythm may be preceded 
bya progressive reduction in the degn 
of A-V block to a 1:1 ratio resulting in: 
extremely rapid ventricular rate. 
PRECAUTIONS: 

The precautions to be observed includ 
all those applicable to quinidine. A pre 
liminary test dose of a single tablet of 
quinidine sulfate should be adminis- 
tered to determine if the patient has ai 
idiosyncrasy to quinidine. Hypersensi 
tivity to quinidine. although rare, 
should constantly be considered, espe 
cially during the first weeks of therapy; 

Quinidine in large doses may reduce 
contractile force of the heart, therefore 
extreme caution should be exercised i 
using the drug in patients with severe 
heart disease. hypotension or digitalis 
intoxication. The petential disadvan- 
tages and benefits must be weighed. 
it should be administered cautiously. 
if at all, to senile patients. 

Hospitalization for close clinical obse 
tion, electrocardiographic monitoring. 
possibly plasma quinidine levels is int 
cated when large doses are used or wi 
patients who present an increased ris 
ADVERSE REACTIONS: 

Symptoms of cinchenism, ringing in 
ears, headache, nausea, distur! 

vision may appear in sensitive patieni 
after a single dose of the drug. 
Cardiovascular, Widening of QRS co! 
plex.cardiac asystole, ventricular 
ectopic beats. idioventricular rhythms 
including ventricular tachycardia anc 
fibrillation, paradoxical tachycardia, 
arterial embolism. hypotension. 
Gastrointestinal: Nausea, vomiting, 
abdominal pain, diarrhea, 
Hematologic: Acute hemolytic anemiz 
hypeprothrombinemia, thrambecyto- 
penie purpura, agranulocytosis. 
Central Nervous System: Headache, 
fever. vertigo. apprehension, exciteme 
confusion, delirium and syncope, dis- 
turbed hearing (tinnitus, decreased 
auditory acuity), disturbed vision 
(mydriasis, blurred vision, disturbed 
color perception. reduced vision fields. 
photophobia, diplopia. night blindnes 
scotomata), optic neuritis. 
Dermatologic: Cutaneous flushing wi 
intense pruritus. 
ee, Reactions: Angio- 

ema, acute asthmatic episode, vasc 

lar collapse, respiratory arrest. 

See package insert for full informatio 
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rectly predict the presence of renovascular hypertension when its prevalence rate among hypertensive patients 
is 5 percent. In this series the saralasin test was positive in 75 percent of patients with proved renovascular hy- 
pertension but 12 percent of those proved not to have renevascular hypertension had a false positive test. At 
present this test appears as useful as the intravenous pyeicgram in screening patients for renovascular hyper- 
tension. 


614 Pindolol in the Treatment of Hypertension: Systolic Time intervals as a Predictor of Response to Beta 


621 


Receptor Blockade 


GARY D. PLOTNICK, MICHAEL L. FISHER, JENNIFER H. HAMILTON, MICHAEL ROBINSON, NATHAN 
H. CARLINER, ALPHONSO H. JANOWSKI and BRUCE P. HAMILTON 


Using serial systolic time intervals to assess cardiac function, this study of 22 hypertensive patients treated with 
pindolol, a beta adrenergic blocking drug with intrinsic sympathomimetic activity, shows that patients with à nor- 
mal pretreatment: preejection period/left ventricular ejection time (PEP/LVET) ratio were more likely to respond 
than those with an abnormal pretreatment ratio. Pindolol’s dual action as a beta blocking agent with intrinsic 
sympathomimetic activity may be responsible for this differance. Beta blockade effects appear to dominate in 
those with normal cardiac function while sympathomimetic activity balances the beta blocking effect in those 
with abnormal cardiac function. When patients with high renin hypertension were excluded, the systolic time in- 
tervals were a better predictor of response than the renin classification. 


REPORTS ON THERAPY 


Episodic Drug Treatment in the Management of Paroxysmal Arrhythmias 


BASIL MARGOLIS, REGIS A. DeSILVA and BERNARD LOWN 


intermittent oral antiarrhythmic drug cocktail” therapy taken only at the onset of an episode of arrhythmia 
proved effective and safe in terminating episodic supraventricular and ventricular arrhythmias in 24 of 32 pa- 
tients. This method obviated the need for hospitalization and at last year’s costs ata Boston hospital (emergency 
room visit plus to 16 hours’ observation, $120; 24 hours in intensive care unit, $595; electrical cardioversion, 
$77) produced significant financial savings. Other advantages include the participation of the patient as an inte- 
gral agent in the management process and the reduction cf his psychologic stress as.a provoker of arrhyth- 
mias. ; 


_ 627 Mexiletine Therapy in 15 Patients With Drug-Resistant Ventricular Tachycardia 


JAMES J. HEGER, STANLEY NATTEL, ROBERT L. RINKENBERGER and DOUGLAS P. ZIPES 


Mexiletine in these studies exhibited limited antiarrhythmic efficacy in 15 patients with chronic and recurrent epi- 
sodes of ventricular tachycardia or ventricular fibrillation already refractory to other antiarrhythmic agents and 
was associated with frequent adverse side effects. Considerable interpatient variability in dose-response and 
a narrow toxic-therapeutic ratio were observed. The elimination half-life was 12.6 + 1.6 hours. 


- -633 Ventricular Ectopic Activity After Medical and Surgical Treatment for Recurrent Sustained Ventricular 
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Tachycardia 


IRVING M. HERLING, LEONARD N. HOROWITZ and MARK E. JOSEPHSON 


These results in 23 patients with recurrent sustained ventricular tachycardia who underwent Holter electrocar- 
diographic monitoring indicate the response of ventricular ectopic activity on Holter monitoring to antiarrhythmic 
or surgical therapy does not predict therapeutic success in the treatment of recurrent sustained ventricular 
tachycardia. Eleven patients in whom drug therapy failed underwent aneurysmectomy and endocardial resec- 
tion; in these, sustained ventricular tachycardia could not be induced postoperatively by programmed electric 
stimulation nor has it occurred spontaneously in any patient. Nevertheless, eight of these continued to show per- 
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beta-one 
receptors is all 
that counts 

in lowering 

blood pressure... 


block beta-twoọo 
receptors 

to the same 
extent?” 


metoprolol tartrate 


blocks beta-one 
receptors with 
relative selectivity. 


Other available 
beta blockers do 
not. 


For brief summary of prescribing informal 
tion please see the following page. 





Lopressor: 
metoprolol tartrate 


the only 

relatively selective 
beta blocker for 
hypertension 


Lopressor" 
metoprolol tartrate 


An antikypertensive 
beta-blecking agent 


Brief Summary of Prescribing Information 


“ Indications Lopressor is indicated in the manage- 

| ment of hypertension. It may be used alone or in 
combination with other antihypertensive agents. 
especially thiazide-type diuretics. 
Centraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree cardiogenic shock, anc overt cardiac faii- 
ure (see Warnings). 
Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
functionsin congestive heart failure, and beta block- 
ace cardes the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlied by digitalis and 
diuretics, Lopressor shouid be administered cau- 
bously Both digitalis and metoprolol siew AV 
conduction. 
In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-biocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 


should te fully digitalized and/or be given a diuretic, 


and the sponse observed closely. if cardiac tail- 
ure continues, despite adequate digital zation and 
diuretic, Lopressor therapy should be withdrawn. 


ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agenis. 
exacerbations of angina pectoris ard, in some 
cases, myocardial infarction have baen reported 
Ever: in the absence of overt angina pectoris. when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tioned against interruption of therapy without the 
physician's advice. 

Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respondto, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 
possibledose of metoprolol should be used. It 
may be prudent initially to administer meto- 
prolol insmalier doses three times daily, instead 
of larger: doses two times daily, to avoid the 
higher piasma levels associated with the tonger 
gosg interval. (See Dosage and Administra- 
tion. 

Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted. how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
ol general anesthesia and surgical procedures 
Metopreoici, like other beta blockers, is a competi- 
tive inhibior of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, eg- dobutamine or isoprotesena!. How- 
ever, such patients may be subject te protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta Slockers. 

Diabetes Mellitus: Beta-adrenergic Blockade may 
mask symptoms of hypoglycemia (e.g. tachycar- 
dia) and may potentiate insulin-induced hypo- 


giycemia. Lopressor shouid therefore be used with 
caution in diabetic patients. especially those with 
labile diabetes. 

Thyrotoxicosis: Beta-adrenergic biockade may 
mask certain Clinical signs (e.g.. tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm. 


Precautions impaired Hepatic or Renal Func- 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug interactions: Catecholamine-depieting 
drugs (e.g., reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine 
depleior should therefore be closely observed for 
evidence of hypotension and/or marked bradycar- 
dia which may produce verigo, syncope, or 
postural hypotension. 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs. there was no evidence of drug- 
induced toxicity at or below orai doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The oniy histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
iation of foamy macrophages in pulmonary alveoli 
and a slight increase in billary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. in a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
jung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors of total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors of malignant tumors was also unaffected 
by metoprolol administration. 

Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased post-mpiantation loss 
and decreased neonatal survivai (threshoid be- 
tween 50 and 500 mg/kg). Distribution stucies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women 
Lopressor shouid be used in pregnant women only 
when Clearly needed. 

Nursing Mothers: it is not known whether this drug 
is excreted in human milk. Since mosi drugs are 
excreted in human miik, nursing shauid not be 
undertaken by mothers receiving metoprolol. 
Usage in Children: Satety and effectiveness in 
children have not been established. 

Adverse Reactions Most adverse effects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 160 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia nave occurred in approximately 3 of 
100 patients. Coid extremities. artarial insufficiency. 
usually of the Raynaud type; paipitations and con- 
gestive heart failure have been resorted. See Con- 
traindications, Warnings, axi Precautions. 
Respiratory: Wheezing (bronchospasm) has been 
reponeg in less than 1 of 100 patients. See Warn- 
ngs. 
Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 


flatulence, and heartburn have been reported in 1 of 
100 or less. 

Allergic: Pruritus has occurred in less than 1 of 100 
patients 


Miscellaneous: Peyronie's disease has been re- 
ported ir less than 7 of 100,000 patients. 

The oculomucocutaneous syndrome associated 
with the beta blocker practolo has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potentiai Adverse Effects: In addition, a variety of 
adverse effects not isted above have been re- 
ported wth other beta-adrenergic blocking agents. 
and should be cons:dered potential adverse effects 
of metoprolol 

Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
Dances, hallucinations, an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics, 

Cardiovascular: intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis. nonthrombo- 
cylopenic purpura, frombocylopenic purpura. 
Allergic. Erythematous rash, fever combined with 
aching and sore threat, laryngospasm and respira- 
tory distress 

Miscellaneous: Reversible alopecia. 


Cknical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum lransaminase, alkaline phos- 
phatase, lactate dehydrogenase. 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to a 
diuretic. The dosage may be increased at weekly 
{or longer} intervals until optimum biood pressure 
reduction is achievec. In general, the maximum ef- 
fect of any given dosage level will be apparent after 
one week of therapy. Jsual maintenance dosage is 
approximately 100 mg twice a day. with a range of 
100 to 450 mg per day. Doane: above 450 mg per 
day have not been studied. While twice-daily dos- 
ing is effective and can maintain a reduction in 
biood pressure throughout the day. some patients, 
especially when lower dosages are used, will expe- 
rience a modest rise in blood pressure toward the 
end of the 12-hour dosing interval, This can be 
evaluated oy measuring blood pressure near the 
and of the dosing interval to detarmine whether 
Satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor s increased. 

This drug shouid be stored at controlled room tem- 
perature and protected from moisture. 

How Supplied Tabiets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
icapsule-shaped, scored, light blue, fiim-coated) 
are supplied in bottles:of 100 and 1,000 and Unit 
Dose Packages of 10C. 


Store at controlled room temperature and protect 
from moisture. 


Dispense in tight, fight-resistant container (USP). 
667292 {8/79} C79-22 

For compiete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information 

GEIGY Pharmaceuticals 


Division of CIBA-GEIGY Corporation 
Ardsley, New York 10562 


326-92674 
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sistent complex ventricular ectopic activity on Holter monitoring, suggesting that the mechanism for successful 
surgery was an alteration of the reentrant circuit. It appears that alterations of the reentrant circuit are probably 
the method by which surgery or pharmacologic therapy, or both, successfully ablates long-term ventricular ar- 
rhythmias. 


640 Study of Moxaprindine With Programmed Electric Stimulation of the Heart in Patients With Reentrant 


Tachyarrhythmias 


ANDRE WALEFFE, LUC MARY-RABINE and HENRI E. KULBERTUS 


Programmed electric stimulation of the heart in 19 patients with recurrent tachyarrhythmias shows that moxa- 
prindine, a new derivative of aprindine, is a potent effective antiarrhythmic agent whose long-term efficacy and 
toxicity in patients deserve further investigation. No side effects were observed in this acute study. Moxaprindine 
lengthened conduction time along the His-Purkinje system, prolonged the refractory periods of the right atrial and 
ventricular muscle and depressed the atrioventricular node. These results were comparable with those reported 
for aprindine. It also: produced a marked effect on accessory pathways used in an anterograde. direction. Per- 
fused intravenously during episodes of tachycardia in 17 patients, it interrupted the rhythm disorder in ali in- 
stances. No tachycardia could be elicited after drug administration in 11 of 19 subjects. 


648 Sustained Hemodynamic Effects Without Tolerance During Long-Term Isosorbide Dinitrate Treatment 


of Chronic Left Ventricular Failure 


JOSEPH A. FRANCIOSA and JAY N. COHN 


Hemodynamic measurements in 19 patients with chronic left heart failure before and 90 minutes after oral ad- 
ministration of 40 mg of isosorbide dinitrate and similar measurements 3 months after the daily administration 
of isosorbide dinitrate in 9 patients and placebo in 10 patients confirm that such long-term administration of iso- 
sorbide dinitrate is associated with sustained hemodynamic effects and responsiveness in patients with conges- 
tive heart failure. However, nitrate treatment had no significant effect on morbidity or mortality in this group of 
patients. It is possible that the combination of hydralazine and nitrate may be preferable to prazosin in the long- 
term therapy of congestive heart failure because patients taking these agents do not manifest drug tolerance as 
they do with prazosin. 


655 Dose Requirements of Hydralazine in Patients With Severe Chronic Congestive Heart Failure 


661 


MILTON PACKER, JOSE MELLER, NORMA MEDINA, RICHARD GORLIN and MICHAEL V. HERMAN 


The doses of -hydralazine required to-obtain significant hemodynamic. responses in patients with severe chronic 
refractory heart failure are variable and appear to be related to varying degrees of vascular hyporesponsiveness 
or drug malabsorption, or both, observed in states of high venous pressure. These doses are generally higher 
than those needed in hypertensive patients. Whereas hypertensive patients usually respond to doses of 50 mg 
or less, patients with heart failure rarely demonstrated hemodynamic effects with single doses smaller than 75 
mg. In this study of 40 patients, more than 40 percent required single doses of hydralazine substantially larger 
than 100 mg to reduce significantly systemic vascular resistance. Effective doses ranged as high as 800 mg 
orally as a single dose and up to 2,400 mg daily. Occasionally a patient responded only to intravenous adminis- 
tration. Failure of hydralazine to produce clinical improvement in an individual patient may be due to the adminis- 
tration of subtherapeutic quantities of the drug. 


REVIEWS 


Nuclear Cardiology |. Radionuclide Angiographic Assessment of Left Ventricular Contraction: Uses, 
Limitations and Future Directions 


MONTY M. BODENHEIMER, VIDYA S. BANKA and RICHARD H. HELFANT 


Radionuclide angiography with its ability to determine global and regional left ventricular function constitutes a 
reliable noninvasive means to aid diagnosis, prognosis and therapy in a wide variety of cardiac conditions. This 
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Introducing our C1000 ee : "Mo 
and C4000 pacemakers. i o- ao 
They offer a safer 
method of non-invasive E 
stimulation threshold = ēăč = — a Topcther with a magnet, 
analysis. One in which all you need is a simple magnet, and a standard tisis alk youneed: 
ECG recorder. 
The magnet starts an output amplitude step-down mode. After completion or at inter- 
ruption of the step-down cycle, the pacemaker automatically reverts to full output. 
5 How has Vitatron achieved such an important advance? New monolithic integrated 
-injection logic (L) is one reason. Here, all analogue and digital circuitry is contained on a 
single chip that measures 2.8x2.8 mm. 
Overall size of the C1000, incidentally, is mere 50x47x12 mm, with a weight of just 
46 grams. The C4000 measures 57x47x12 mm, and weighs 56 grams. Units come in an all- 
titanium can that’s been hermetically sealed by laser welding. 
Finally, thanks to our patented dc-de converter and the 
CRC 810B lithiode battery, the C1000 has a projected service 
life of over 9 years*; the C4000, over 15 years** 
Our C1000 and C4000 pacemakers. Think of them as 
a new standard in patient safety. 
For specifications write to Vitatron Medical B.V., 
P.O. Box 76, 6950 AB Dieren, The Netherlands. In the 
United States: Vitatron Medical Inc., One Gateway Center, 
Newton, MA 02158. 








: Actual Size 


*Over G-years service life expected under worst case conditions, 70 ppm, 510 Obm load, 1.0 millisecond pulse duration; over 9 years, 0.5 ms duretion. 
“wer KI years service life expected under worst case conditions, 70 ppm, 510 Ghm load, LO millisecond pulse duration: over 15 years, O 5 ms deration, 
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For the special needs 
of patients with hard, dry stools 


SENOKOT-S 


{standardized senna concentrate T blets 
and diocty! sodium sulfosuccinate) a 








the “S” stands for softener 


For patients with hard, dry stools Provides DSS, the classic stool softener 
Hard, dry stools hurt, and may be hazardous DSS in SENOKOT-S Tablets complements the 

by causing straining. SENOKOT-S Tablets offer laxative effect of standardized senna concentrate 
comfortable relief by softening the stool and by “moistening” and softening the stool for 
stimulating its movement. smoother and easier passage. 

Provides standardized senna concentrate, con arne overnight action 

a Clinically established laxative of choice With DSS and standarcized senna concentrate, 
Standardized senna concentrate is a gentle, SENOKOT-S Tablets provide both softness and 


effective neuroperistaitic stimulant with documented stimulation for constipated patients with hard, dry 
effectiveness in thousands of patients. Its virtually stools. Taken at bedtime, SENOKOT-S Tablets 
colon-specific, gentle, predictable action is generally usually induce predictable, comfortable evacuation 
free of side effects at proper dosage levels. the next morning. 


Purdue Frederick 


© Copyright 1979, The Purdue Frederick Company / Norwalk, CT 06856 
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technique is clinically valuable for evaluating left ventricular contraction, detecting the presence and severity 
of regional asynergy and eliciting ejection fraction abnormalities at rest and during exercise stress. It may prove 
useful in assessing the size and course of an acute myocardial infarction, the natural history of cardiac diseases 
and the effects of different therapies. Its future role will be shaped by the development of improved technology 
to increase its accuracy as compared with other available noninvasive measures as detailed in this excellent re- 
view. i 


674 Nuclear Cardiology Il. The Role of Myocardial Perfusion Imaging Using Thallium-201 in Diagnosis of 
Coronary Heart Disease 


MONTY M. BODENHEIMER, VIDYA S. BANKA and RICHARD H. HELFANT 


This review assesses the uses and limitations of thallium-201 perfusion imaging in the diagnosis of acute and 
chronic manifestations of coronary heart disease. It is the agent of choice in the clinical assessment of relative 
myocardial perfusion and is of particular value in the diagnosis of coronary heart disease. However, in the setting 
of acute myocardial ischemia the role of thallium-201 is less clear. Concentration of thallium in the myocardium 
is determined by the amount of isotope delivered by coronary flow, myocardial uptake and the.rate of myocardial 
isotope efflux. The thallium uptake depends on the integrity of myocardial cell function (in particular, that of 
membrane adenosine triphosphatase). The size of the involved area- of myocardium (ischemic tissue or scar, or 
both) determines the presence or absence of a defect in the thallium image. A minimum of 5 gof myocardium 
must be involved in abnormal thallium uptake for a defect to be visualized in a thallium image. Thallium imaging 
during exercise is generally somewhat more accurate than a stress.electrocardiogram in the diagnosis. of coro- 
nary heart disease. 


CASE REPORTS 


685 Calcification in Porcine Xenograft Valves in Children 


MEREDITH M. SILVER, JAMES POLLOCK, MALCOLM D. SILVER, WILLIAM G. WILLIAMS and GEORGE 
A. TRUSLER 


Calcification of porcine xenografts seems to occur more frequently and earlier after insertion in children than 
in adults, as suggested by these three examples in a series of 93 children at the same institution. Such deposi- 
tion may be at the sites of maximal stress as determined by in vitro testing of tissue valves. A host factor in chil- 
dren may possibly override the apparent protection against calcification conferred by glutaraldehyde pretreat- 
ment of tissue in adults. Because calcification occurs so prematurely in children with the xenograft valve, these 
prostheses may not be appropriate in this age group. However, their use permits the avoidance of anticoaguia- 
tion in active children. 


690 Severe Calcification of Glutaraldehyde-Preserved Porcine Xenografts in Children 


FRANCIS T. THANDROYEN, IAN N. WHITTON, DUNCAN PIRIE, MICHAEL A. ROGERS and ABDUL S. 
MITHA 


Severe calcification of glutaraldehyde-preserved porcine xenografts in the mitral valve position occurred in four 
children aged 13 to 15 years within 17 to 25 months of implantation. Such calcification produced critical ob- 
struction with rapid cardiac deterioration necessitating valve replacement. Auscultation alone may be unhelpful 
and difficult in diagnosing stenotic xenografts in.the mitral valve position. Electrocardiographic evidence of right- 
ward shift of the mean frontal QRS axis, radiologic signs of increasing left atrial and pulmonary arterial segments 
on the chest X-ray film and echocardiography may provide valuable early information on stenotic prosthetic 
valve dysfunction. Such calcification occurred in the presence of normal serum calcium levels and was not re- 
lated to infective endocarditis. 


EDITORIALS 


697 Silent Myocardial Ischemia in Patients With a Defective Anginal Warning System 


PETER F. COHN 


continued on page A38 
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in susceptible 
cardiac arrhythmias 


(QUINIDINE 
GLUCONATE 
TABLETS) See 


o scored for convenient 
titration 








0 long-acting, 
steady-state 


plasma levels 
Achieved shortly after 24 hours... 
maintained for 12 hours* 


o priced for 


greater economy 

Cost is approximately 20% less 
than other long-acting quinidine 
gluconate therapy. 


*Quantity of drug and frequency of administration needed to achieve 
desired Clinical results must be determined for each patient 
tRed Book, 1979 


Duraquin 
(QUINIDINE GLUCONATE 
TABLETS) 


SUSTAINED-RELEASE TABLETS, 330 mg 


PARKE-DAVIS 


Div of Warner-Lambert Co 
Morris Plains, NJ 07950 USA 


©1979 Warner-Lambert Company 


Please see following page for brief summary of prescribing information 





DUfaQuli 
(QUINIDINE GLUCONATE 
TABLETS) SUSTAINED-RELEASE TABLETS, 330 mg 





BRIEF SUMMARY OF PRESCRIBING INFORMATION 

DURAQUIN® (quinidine gluconate tablets} Sustained Release 

AHFS Category 24:04 

CLINICAL PHARMACOLOGY. in clinica! studies, single doses of Duraquin 
produced a mean maximum plasma level at 2 hours which was maintained for 
12 hours. This broad plateau indicates slow. continuous absorption from the 
gastrointestinal tract. 

In multiple dose-studies, administration of Duraquin tablets, 660 mg every 12 
hours, produced steady state (equilibrium) plasma levels shortly after 24 hours 
The average quinidine plasma levels ‘Cramer and Isaksson assay’) were 0 81 
mog/ ml and the mean peak levels were 1.16 mog/ml in a group of normal male 
subjects weighing 75 Kg. Following tne last dose at steady state, quinidine plasma 
levels decreased at an approximate rate of 50% in 10 hours. This compares to the 
expected dlasma half-life of 6.3 hours for quinidine sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with 
dosage. While therapeutic levels of 3 to 6 mcg/mi with a range of 1.5 to 9 mcg/mi 
have been reported, these values are based on peak plasma levels determined 
by the less specific Edgar and Sokolow assay* This procedure yields quinidine 
levels averaging 22% higher than the Cramer and Isaksson assay. Plasma levels 
vary considerably in patients receiving identical doses. Therefore, it is advisable to 
adjust the dosage by monitoring plasma quinidine ievels. 

INDICATION. Duraquin tablets are indicated for the prevention of premature 
atrial, nodai, or ventricular contractions. They are also indicated for the mainte- 
nance of normal sinus rhythm following spontaneous reversion or electrical con- 
version of atrial, nodal, or ventricular tachycardia, atrial flutter and fibrillation 
[either paraxysmator chronic) 

CONTRAINDICATIONS. 1. History of hypersensitivity to quinidine manifested by 
thrombocytopenia, skin eruption, febrie reactions, etc. 

2. Complete AV block 

3 Complete bundle branch block or other severe intraventricular conduction 
defects exhibiting marked ORS widerng cr bizarre complexes 

4 Myasthenia gravis 

§. Arrhythmias associated with digitalis toxicity 
WARNINGS. 1. (a) In the treatment of atrial fibrillation with rapid ventricular re- 
sponse, ventricular rate should be controlled with digitalis glycosides prior to 
administration of quinidine. 

(bo) in the treatment of atrial flutter w@h quinidine, reversion to sinus rhythm may 
be preceded by progressive reduction in the degree of A-V block fo a 1:1 ratio 
resulting in an extremely high ventricular rate. This potential hazard may be reduced 
by cigitalization prior to administration of quinidine. 

Recent reports have described increased, potentially toxic, digoxin plasma 
levels wher quinidine is administered concurrently. When concurrent use is 
necessary, digoxin dosage should be reduced and plasma concentration shouid 
be monitored and patients observed closaly for digitalis intoxication. 

2. Quinidine cardiotoxicity may be manifested by increased PR and QT intervals, 
50% widening al ORS, and/or ventricular ectopic beats or tachycardia. Appear- 
ance of these toxic signs during quinidine administration mandates immediate 
discontinuation of the drug, and/or clase clinical and electrocardiographic moni- 
toring. Note: Quinidine effect is enhanced by potassium and reduced in the 
presence of hypokalemia. 

3. “Quinidine Syncope” may occur zs a complication of long-term therapy. itis 
manifested by sudden loss of consciousness and ventricular arrhythmias with 
bizarre ORS-complexes. This syndrorme does not appear to be related to dose or 
plasma levels but occurs more often wth prolonged QT intervals. 

4. Because quinidine antagonizes the effect of vagal excitation upon the atrium 
and the A-V node, the administration of parasympathomimetic drugs (choline 
esters) or the use of any other procedure to enhance vagal activity may fail to 
terminate paroxysmal supraventricular tachycardia in patients receiving quinidine. 

5. Quinidine should be used with extreme caution in: 

a) the presence of incomplete A-V black, since a complete block and asystcle 
may result. Guinidine may cause unpredictable abnormalities of rhythm in digi- 
talized hearts. Therefore, it should be used with caution in the presence of digitalis 
intoxication (see 1.(b) above). 

b) Partial bundie branch biock. 

c) Severe congestive heart failure and hypotensive states due to the depressant 
effects of quinidine on myocardial contractility and arterial pressure. 

d) Poor renal tunction, especially renal tubular acidosis, because of the 
potential accumulation of quinidine in plasma leading to toxic concentrations. 
PRECAUTIONS. 1. Test Dose— A preliminary test dose of a single tablet of 
quinidine sufate should be administered prior to the initiation of the sustained 
release gluconate to.determine whether the patient has an idiosyncrasy to the 
Quinidine molecule. 

2. Hypersensitivity — During the first weeks of therapy. hypersensitivity to quini- 
dine, although rare, should be considered (eg, angioedema, purpura, acute 
asthmatic episode. vascular collapse). 





3. Long-Term Therapy ~ Periocic binod counts and liver and kidney function 
tests should be performed during long-term therapy and the drug should be dis- 
continued if blood dyscrasias or signs of hepatic or renal disorders occur. 

4. Large Doses -ECG monitornng and determination of plasma quinidine levels 
are recommended when doses Greater than 2.5 g/day are adrninistered. 

5. Usage in Pregnancy — The use of quinidine, in pregnancy, should be reserved 
only for those cases where the benefits outweigh the possible hazards to the 
patient and fetus. 

6. Nursing Mothers — The drug should be used with extreme caution in nursing 
mothers because the drug is excreted in breast milk 

7. General —in patients exhibiting asthma, muscle weakness. and infection with 
fever prior to quinidine administration, hypersensitieay reactions to the drug may 
be masked 
DAUG INTERACTIONS. 1. Caution should be used when quinidine and its 
analogs are administered concurrently with coumarin anticoagulants. This corm- 
bination may reduce prothrornbir levels and cause bleeding. 

2. Guinidine, a weak base, rnay‘have its halt-lite prolonged in patients who are 
concurrently taking drugs that can alkalize the urine, such as thiazide diuretics, 
sodium bicarbonate, and carbonic anhydrase inhibitors. Quiradine and drugs 
which alkalize the urine should be used together cawtioutly. 

3. Quinidine exhibits a distinct anticholinergic activity in the myocardial issues. 
An additive vagolytic effect may be seen when quinidine and drugs having anti- 
cholinergic blocking activity are used together. Drugs having cholinergic activity 
may be antagonized by quinidine. 

4. Quinidine and other antiarrhythmic agents may produce additive cardiac 
depressant effects when administered together. 

5. Quinidine interaction with cardiac glycosides (digoxin); See WARNINGS. 

6. Antacids may delay absorption of quinidine but appear umikely to cause 
incomplete absorption. 

7. Phenobarbital and phenytoin may reduce plasma T 12 of quinidine by 50%. 

8. Quinidine may potentiate the neuromuscular blocking effect in ventilatory 
depression of patients receiving decamethonium. tudocurare, or succinyicholine. 
ADVERSE REACTIONS. Symptams cf cinchonisrm (ringing in the ears, head- 
ache, disturbed vision) may appear in sensitive patients after a single dose of 
the drug. 

Gastrointestinal The most common side effects encountered with quinidine 
are referable to this system. Diarrhea frequently occurs, but it rarely necessitates 
withdrawal of the drug. Nausea, vomiting, and abdominal-pain also occur Some 
of these effects may be minimized 3y administering tne drug with meals. 

Cardiovascular widening of QRS complex, cardiac asystole, ventricular ectopic 
beats, idioventricular rhythms inciuding ventricular tachycardias and fibrillation: 
paradoxical tachycardia, arterial embolism and hypotension. 

Hematologic: acute hemolytic anemia, hypoprothrombinemia, thrombocyto- 
penic purpura, agranulocytosis. 

CNS: headache, fever, vertigo, apprehension, excitement, confusion, delirium 
and syncope, disturbed hearing (tinnitus. decreased auditory acuity}, disturbed 
«sion (mydriasis, blurred vision. disturted color perception, photophobia, 
diplopia, night blindness, scotormnata). optic neuritis. 

Dermatologic: cutaneous flushing with intense pruritus. 

Hypersensitivity reactions: angioedema, acute asthmatic episode, vascular 
collapse. respiratory arrest. 

DOSAGE AND ADMINISTRATION. Dosage shoutc be titrated to give the 
desired clinica! effect, eg, elimination of paroxysmal rhythm or reduction in 
premature contractions (See CLINICAL PHARMACOLOGY). This will often 
require prolonged ambulatory ECG monitoring, as Aour-to-hour variability 
renders brief ECG recordings unreliable. When doses larger than 2.5 g/day are 
used, quinidine biood levels shouid be monitored, if possible, and serial ECGs 
should be followed (See WARNINGS and PRECAUTIONS). 

For prevention of premature cortractions and maintenance of normal sinus 
rythm following electrical conversion, tre usual dosage is from 330 mg to 
660 rng every eight hours, most patients requiring the higher dose 

In elderly patients, and in patients in the lower end cf the normal weight range, 
plasma quinidine determinations should be considered. Dosage adjustments may 
be required. 

OVERDOSAGE. Cardictoxic effects of quinidine may be reversed in part by 
molar sodium lactate; the hypotens:on may be reversad by vasoconstrictors and b 
catecholamines (since the vasodilaton is partly due ta alpha-adrenergic blockade). 
HOW SUPPLIED. N 0071-0850 (P-D 859) Duraquin (quinidine gluconate tablets) 
330-mç tablets are supplied in bottles of 100 tablets and in unit-dose packages of 
100 (10 strips of 10 tablets each). 

1 Cramer G. and Isaksson., 8 Quantitatve Determination of Quinidine in Plasma. 
Scandinavian J. Clin. & Lab. Investigation 15, 553, 1963. 

2 Edgar, A.L. and Sokolow. M. Experiences with the Photofluoremetric Deter- 
mination of Quinidine in Blood. J, Lab. Clin. Med 36, 478, 1950. YF 
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ELECATH Flow-Directed Catheters 


BALWEDGE™ FLOW-DIRECTED CATHETERS FOR ARTERIAL WEDGE PRESSURES & C.V 
I Larger lumen offers better frequency response 
O The 7 Fr. Catheter will fit easily through a 7 Fr. Introducer 
O Single pressure (2 Lumen) available in sizes 4 Fr.-7 Fr. 
| Double pressure (3 Lumen) available in sizes 5 Fr.-7 Fr. 


BALWEDGE PULMONARY ANGIOGRAPHY CATHETERS 
A flow-directed Catheter for radiological studies in the pulmonary artery 
J] Available in sizes 5 Fr.-7 Fr. 


BALTHERM™ THERMO-DILUTION FLOW-DIRECTED CATHETERS 
O Operates properly with most popular computers 

O Pre-calibrated for ease of use and accuracy 

J A wide range of sizes 4 Fr.-7 Fr. 

O Rapid thermistor response time 

_| Room temperature injectate recommended 


ELECATH ARTERIAL EMBOLECTOMY CATHETERS 
I A device for the removal of arteria! emboli and thrombi 
O Available in sizes from 3 Fr.-7 Fr. 


BALECTRODE* FLOW-DIRECTED PACING CATHETERS 
O For temporary bedside pacing without fluoroscopy 
O Easy placement and rapid capture 
| Easy to attach to external Pacemakers 
“| Available in sizes 3 & 5 Fr. 





our Toll Free number 800-526-4243 for the name of your local ELECATH Distributor. 


LECTRO-CATHETER CORPORATION 
2100 FELVER COURT, RAHWAY, NEW JERSEY. U.S.A., 07065 ELECATY 


‘us at Booths 813 & 815 at the American College of Cardiology Meeting in Houston. 04-0390 
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(2% nitroglycerin) 
sdermal Ointment 


For prolonged prophylactic action, 
with improved left ventricular function 





“Cutaneous administration of Nitroglycerin 
ointment (NITRO-BID®) in patients with angina 
pectoris exhibits prolonged action with 


evidence of pharmacological activity evident 


up fo eight hours after application’ 


“data indicate that nitroglycerin ointment 
(NITRO-BID®) exerts profound reduction of 
peripheral arteriolar and venous tone with 
resultant alterations in left ventricular hemo- 


dynamic variables which afford enhancement 
of exercise tolerance and reduced ischemia”? 


Patient-titratable dosage 











on: Foyer! is continuously obsorbed through the skin into the circulation, thus-exerting prolonged 
effects. 
ato For thie prevention and fedtriént of angina pectoris due to coronary artery disease. 
Contraindications: in patients known to be intolerant of the organic nitrate drugs. 
oculte myocardial infarction of Congesive hear! foure, nitroglycerin ointment should be used 
ucol and/or nemodyramic moning 
ot noaee Paiao when an ‘arising from the recumbent position, 


Another patient benefit product from 
MACEUTICAL DIVISION, 


, = [MiMARION 


LABORATORIES, INC. : 
KANSAS CITY. MISSOURI 64137 wm 








tote, fGininess, flushing, dizziness and nossea may occut These all ore otfdbulabie fo the pharmacsingic 
effecis of néroglyearin on the cadiacscua seten, buf are syeploms of overdasage. When they ocou 
and persist, the dosoge should be reducer 

Dosage: Usua dose $ 2 inches (5€ mm. as squeezed from the tube, every eight hours. Some patents 
may need 4 to 5 inches (100 fo 128 mm pander application every four hours: Optimol dosage should be 
based spon clinical response, side afecis_ and effects of therapy upon blood pressure. Consult full produc! 
disclosure before prescribing. 

‘Caution: Federal low prohibits dispersing without prescription 

References: 

1. Davidov M. Mroczek W: The effect of nifrogiycerin. ointment on exercise capacify in patients with angina 
pectoris. Presented at American Collage-cf Pharmacology meeling, Washington 
DE. Api 1677 
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Before prescribing Minipress, WARNINGS 
and DOSAGE AND ADMINISTRATION 


Please see Brief Summary on last page 





Patient Compliance 


MINIPRES crazosintc) 


TITRATION IS 

KEY TO 
SUCCESSFUL 
ANTIHYPERTENSIVE 
THERAPY 


LEGAO) 
4 mg b.i.d* 


Titrate to 
2 mg b.i.d* 


Start with 
1 mg b.i.dz 


and reti 
a Minipre 





BRIEF SUMMARY 

MINIPRESS® (prazosin hydrochloride} CAPSULES For Oral Use 
INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in 
activity. It can be used as the initial agent or it may be employed in a general 
treatment program in conjunction with a diuretic and/or other antihypertensive 
drugs as needed for proper patient response 

WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due to an 
excessive postural hypotensive effect, although occasionally the syncopal 
episode has been preceded by a bout of severe tachycardia with heart rates 
of 120-160 beats per minute. Syncopal episodes have usually occurred 
within 30 to 90 minutes of the initial dose of the drug; occasionally they have 
been reported in association with rapid dosage increases or the introduc- 
tion of another antihypertensive drug into the regimen of a patient taking 
high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 1% in patients given an initial dose of 2 
mg or greater. Clinical trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting the 
initial dose of the drug to 1 mg, by subsequently increasing the dosage 
slowly, and by introducing any additional antihypertensive drugs into the 
patient's regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent position and 
treated supportively as necessary This adverse effect is self-limiting and in most 
cases does not recur after the initial period of therapy or during subsequent dose 
titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for initial 
therapy. 

More common than loss of consciousness are the symptoms often associated 
with lowering ofthe blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised 
what measures to take should they develop. The patient should also be 
cautioned to avoid situations where injury could result should syncope occur 
during the initiation of MINIPRESS (prazosin hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal 
testing, the Ea y of MINIPRESS tprazosin hydrochloride) in pregnancy has not 












been established. MINIPRESS (pra n hydr AAA is not recommended in 
penpan women unless the potentia benef t outweighs potential risk to mother 
and fett 





clinical experience is available with the use of 


Usage in Children: No 
MINIPRESS (prazosin hydrochloride) in children 

ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, headache 


Titrate to 
10 mg b.i.d. 


Titrate to 
5 mg b.i.d* 


JSUAL 
N AXIMI JM DAIL 
: 20 mg 
n div ided dos¢q 
11d) Afew 

patients may t 
further increas uptoa 
daily dose of 40 mg given ın 
divided doses 


alnitial Therapy: The starting 
dosage of Minipress is 1 mg D.1.d 
or t i.d. If response is not adequate 
by the next visit, the dosage should bg 
i edto2mgbidortid 
a Dosage Titration: Titrate dosage slowly, 
according to patient response. to a maxi- 
mum of 20 mg daily in divided doses. Althougt 
ents may be controlled on 1 mg 0... 
mg to 15 mg daily will be 
needed in the m ity of ri responding patients to 
chieve optimal blood press 
a Maintenance Therapy: Maintain therapy on a b.i.d. or 
1 dosage regimen after initial titration. If optimum con- 
t ed witt ee s the initial | agent, conside 
addin 
Minipre 
hypertensive 5 or other kitea 
3 o 1 mgor2 mgt:.d 
ad as needed 


s available in 1-mg, 2- j 5-mg capsules 


7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, palpitations 5.3% 
anc nausea 49%. In most instances side effects have disappeared witt 
continued therapy or have been tolerated with no decrease in dose of drug 

Tne following reactions have been associated with MINIPRESS (prazosir 
hyarochloride), some of them rarely. (In some instances exact causal relation 
ships have not Deen established) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and 
or pain. 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, incontinence, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasa 
congestion 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few report: 
of cataract development or disappearance have been reported. In these 
instances, the exact causal relationship has not been established because the 
baseline observations were frequently inadequate 

In more specific slit-lamp and funduscopic studies, which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings 
have been reported 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration 
Initial Dose: 1 mg two or three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 2( 
mg given in divided doses. The therapeutic dosages most commonly employec 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher thar 
20 mg usually do not increase efficacy, however a few patients may benefit fror 
further increases up to a daily dose of 40 mg given in divided doses. After initia 
titration some patients can be maintained adequately on a twice daily dosage 
regimen 
Use With Other Drugs: When adding a diure’ic or other antihypertensive agent 
the dose of MINIPRESS (prazasin hydrochloride) should be reduced to 1 mg or: 
mg three times a day and retitration then carned out 
HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mc 
white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, a 
unit dose institutional packages of 100 (10x 10s): and5mg (blue and white #438 
capsules in bottles of 250, 500 and unit dose institutional packages of 100 (10> 
10's 
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For The Cardiologist 
Who Wants The Ultimate 


In Ultrasound Controls. 


Toshiba’s high speed SSH- 
10A ultrasound electronic 
sector scanner produces an 
ultra fine diagnostic image. 

Over 16 different 
parameters can be modified 
by the cardiologist to 
maximize image quality in 
relation to specific patient 
characteristics. 

Valve movement, 
chamber size and details of 
the internal structure of the 
heart can all be clearly 
observed, measured and 
diagnosed. Wide range 
sector angle is a full 78°. 

A clear real time, cross 
sectional B mode image of 
the heart structure is 
obtained by simply 
positioning the probe on the 
chest wall. 

Displayed on the C.R.T. 
with the B mode image are 
nonfade ECG and patient 
1.D. Two angles of the M 
mode image can also be 
displayed simultaneously on 






























a second C.R.T. and/or a 
strip recorder. 

Two UCG traces, M mode 
tracing and Kymograph 
studies are additional 
capabilities. 

In short, the SSH-10A 
gives you the maximum 
ultrasound information from 
one mobile unit. So get full 
information on it now. 
Contact your local Toshiba 
representative. 


Toshiba Medical Systems, 
KAMA 1154 Dominguez, 
Carson, CA 90745 


SSH-10A Features: 

e Complete Mobility 

e Superior Resolution of 
Electronic Sector Scanning 

e Dual M Mode 

e 4 Channels of Physiological 
Monitoring 

e Real Time B Mode Cross 
Sectional Image with ECG 
and Patient |.D. 

e Flexibility for All General 

Pediatric and Adult 

Applications 













Left: 
Dual channel 
M mode 
showing 
simultaneously 
aorta and 
mitral 
function. 













































Right: 
Long axis left 
heart. 
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(PROPRANOLOL HCI) 















ALONE excessive exer- 

_ tions. Emotional upheavals. 

_ Anxieties. Stress. Catechol- 

amines rise—atrial pace- 

_ makers overrespond. 

_ And the ECG reads PAT. Or 

-persistent sinus tachycardia. 

-Or persistent atrial extra- 

_ systoles. Consider INDERAL 

(propranolol HCI) alone 

-When conventional measures 

fail, a low 10 to 30 mg dose, 

given ti.d. or q.i.d. will block 

cardiac beta-receptors from 
excessive catecholamine 

stimulation. Suppress ectopic 

“pacemakers. And permit 
resumption of normal sinus 

rhythm. Even when normal 

_ sinus rhythm has not been 

- festored, INDERAL slows con- 
-duction in the AV node and 

prolongs its refractory time. 
“Slowed AV conduction will 

offen block reentry circuits, to 

- help restore sinus rhythm. 





WITH The ECG reads . 
atrial flutter. Or atrial fibrilla- 
tion. You have digitalized 
your patient, but the arrhyth- 
mia is not yet controlled. 
Consider adding INDERAL 
(propranolol HCI). Combined 
with digitalis, it obviates in- 
creasing digitalis dosage to 
toxic levels—while slowing 
the ventricular rate sufficiently 
to achieve control. INDERAL 
also complements the action 
of other agents. Combined 
with quinidine, if allows lower 
doses of quinidine—reducing 
the need for toxic levels. And 
often, with INDERAL added, 
atrial arrhythmias respond 
when no single agent works 
alone. 


R SOONER THAN LATER 


INSTEAD me arrhyth- 
mia is induced by an anti- 
arrhythmic drug such as 
digitalis or quinidine. Persists 
after discontinuance of 

the drug and correction of 
electrolyte imbalance. Con- 
sider INDERAL instead. Often 
the drug of choice, except 
in the presence of serious 
congestive heart failure. 
Often, too, INDERAL (propran- 
olol HCI) abolishes supra- 
ventricular arrhythmias when — 
either digitalis or quinidine 
has failed. 


With proper patient 
selection—in the absence 
of contraindications such as 
bradycardia, greater than 
first degree heart block, 
asthma, and congestive 
heart failure unless failure is- 
secondary to tachyarrhyth- 
mias treatable with INDERAL— 
serious cardiovascularand __ 
respiratory side effects are 
seldom encountered’ a 
Rely on it: INDERAL Alone. With. 
Or Instead. S 


“Please turn the page for brief summary of 


prescribing information on contraindications, 
adverse reactions. and wamings. including 
avoidance of abrupt withdrawal. 


A PRIME CONSIDERATION FOR SUPRAVENTRICULAR prs re 








PROPRANOLOL HCI) 


40mg and 20mg tablets 








BRIEF SUMMARY. 
KERNI ULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR) 
inderal® BRAND OF propranolol hydrochioride:A beta-adrenergic blocking agent 


BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE). THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILISR WITH THE BASIC CONCEPT OF 


ADRENEPGIG RECEPTORS (ALPHA AND BETA), AND THE PHARMACOLOGY OF 
THI ; 





ACTIONS: INDERAL is a beta-adrenergic receptor blocking drug, possessing no other 
aulonomic nervous system activity It specifically competes with beta-adrenergic receptor 
stimulating agents for available beta receptor sites. When access to beta receptor sites is 
blocked by INDERAL. the chronotropic, inotropic, and vasodilator responses to beta- 
adrenergic simulation are decreased proportionately. 

Propranolol is almost completely absorbed from the gastrointestinal tract. but a portion is im- 
mediately bound by the liver. Peak effect occurs in one to one and one-haif hours. The biologic 
hail-ite is aporoximately two to three hours. Propranoiol is not significantly dialyzabie. There is 
no simple correlation between dose or plasma levet and therapeutic effect. and the dose- 
sensitivity range as observed in clinical practice ts wide. The principal reason for this is that 
sympathetic tone varies widely between ndividua's. Since there is no reliable test to estimate 
symoathetic tone or to determine whether total beta biockade has been achieved. proper dos- 
age requires titration 

Beta receptor blockade is useful in conditions in which, because of pathologic or functional 
changes. sympathetic activity is excessive or inappropriate and detrimental to the patient. But 
thera are also situations in which sympathetic stimulation is vital. For exampie, in patients with 
severely damaged hearts, adequate vertricular function is maintained by virtue of sympathetic 
drive which should be preserved. In the sresence of AV biock. beta blockade may prevent the 
necessary laciltating effectof sympathetic activity on conduction. Beta blockade results in 
bronchial constriction by interfering with adrenergic bronchodilator activity which should be 
preserved in patients subject to bronchospasm. 

The proper obiective of beta blockade therapy is to decrease adverse sympathetic stimula- 
bon but not io the degree that may impaz necessary sympathetic support. 

Propranoiol exerts its antiarrhythmic effects in concentrations associated with beta- 
adrenergic blockade and this appears to be its principal antiarrhythmic mechanism ot action. 
The membrane effect also plays a role, particularly. some authorities believe. in digitalis- 
induced arrhythmias 

Beta-adrenergic biockade is of unique importance in the management of arrhythmias due to 
increased levels of circulating catecholamines or enhanced sensitivity of the heart to catechol- 
arenes (arrhythmias associated with praochromocytoma, thyrotoxicosis. exercise) 

in dosages greater than required for beta blockade, INDERAL also exerts a quinidine-iike or 
anesthetic-ke membrane action which affects the cardiac action potential and depresses car- 
diac functon. 

Proprancto!l may reduce the oxygen raquirement of the heart at any given jevei of effort by 
blocking catecholamine-induced increases in heart rate. systolic blood pressure, and the ve- 
locity and extent of myocardial contracSon. On the other hand. propranolol may increase oxy- 
gen requirements by increasing left ventricular fiber length. end diastolic pressure, and systolic 
ejection period. 

# the net physiologic effect of beta-adrenergic blockade in angina is advantageous, t would 
be expected tc manifest itself during exercise by delayed onset of pain due to decreased oxy- 
gen requirement. 

INDICATIONS: Cardiac Arrhythmias: 1.) Supraventricular arrhythmias. a} Paroxysmal atrial 
tachycardias, particularly those arrhythmias induced by catecholamines or digitalis or asso- 
ciated with the Woillt-Parkinson-White syndrome (See W-P-W under WARNINGS ) b) Persistent 
sinus tachycardia which is noncomper salcry and impairs the well-being cf the patient 

c) Tachycardias and arrhythmias due to thyrotoxicosis when Causing distress or increased 
nazard and when immediate effect is necessary as adjunctive, short term (2-4 weeks) therapy. 
May be used with, but not in place of, specific therapy (See Thyrotoxicosis under WARNINGS } 
dì} Persistent atrial extrasystoles which mpar the well-being of the patient and do not respond 
to.conventional measures. €) Atrial futer and fibrillation when ventricular rate cannot be con- 
trolled by digtalis alone, or when digitalis is contraindicated 

2.) Ventricular tachycardias. Ventricular arrhythmias do not respond to propranolol as predict- 
ably as do the supraventricular arrhythmias. a) Ventricular tachycardias: With the exception of 
those indwced by catecholamines of digitals, INDERAL is not the drug of first choice. in critica: 
situations when cardioversion technics or other drugs are not indicated or are not effective. 
INDERAL may be considered. If, after consideration of the risks involved, INDERAL is used. it 
should be given intravenously in low cosage and very slowly. (See DOSAGE AND ADMINIS- 
TRATION 3 Care in the administration of INDERAL with constant eiectrocardiograptic moni- 
toring is essential as the faiing heart requires some sympathetic drive for maintenance of 
myocardial tone. D) Persistent premature vantnicular extrasystoles which do not respond to con- 
ventional measures and impair the we'!-being of the patient 

rrhythirmas of digitais intoxication. if digitalis-induced tachyarrhythmias persist fol- 
lewing discontinuance of digitalis anc correction of electrolyte abnormalities, they are usuall 
reversible with oral INDERAL. Severe oradycardia may occur. (See OVERDOSAGE OR EXAG- 
GERATED RESPONSE } 

intravenous prcpranoiol hydrochionde is reserved for life-threatening arrhythmias. Temporary, 
maintenance with oral therapy may be indicated. (See DOSAGE AND ADMINISTRATION } 

4.) Resistant tachyarrhythmias due to excessive Catecholamine action during anesthesia 
Tachyarrhythmias due to excessive catecholamine action during anesthesia may sometimes 
anse because of release of endogenous catecholamines or administration of catecholamines 
When usual measures fail in such arrhythmias, INDERAL may be given intravenously to abolish 
them. Ad general inhalation anesthetics produce some degree of myocardial depression 
Therefore. when INDERAL is used to treat arrhythmias during anesthesia. t shouid be used with 
extreme caution and constant ECG and centra! venous pressure monitonng. (See WARNINGS- 
Hypertrophic Subaortic Stenosis: ‘NOERAL is useful in the management of hypertrophic sut- 
aortic stenosis. especially for treatment of exerhionail or other stress-induced angina, palpita- 
tions, and syncope INDERAL aiso improves ex ẹ performance. The effectiveness of 
INDERAL in this disease appears to be due t0 a uction at the elevated outflow pressure gra 
dient whch is exacerbated by beta recepito laton. Clinical improvement may be tempo- 
rary. 

Pheochromocytoma: Alte: pumary freatmen! with an alpha-adrenergic blocking agent has 
sansituted, INDERAL may be useful as adjunctive therapy if the contra cf tachycardia be- 
ag necessary before or dunng surgery. 

iis ardous to use INDERAL urvess alpha-adrenergic blocking drugs are already in use. 
since ths would predispose fo serious blood pressure elevation. Blocking only the periphera: 
dilator (beta) action of epinephrine leaves its constrictor (alpha) action unopposed 
event of hemorrhage or shock. there s a disadvantage in having both beta and alpha 
since the combination prevents the mcrease in heart rate and penpheral vasocon- 
sinctior needed to mamtain blood pressure. 

With moperable or metastatic pheochromocytoma. INDERAL may be useful as an adjunct tc 
the management of symptoms due to excessive beta receptor stimulation 
CONTRAINDICATIONS: INDERAL is contraindicated in: 1) bronchiai asthma, 2) allergic minsts 
during the pollen season. 3) sinus bradycardia and greater than first degree block: 4) cardio- 
genc shock: 5) nght ventricular failure secondary ic pulmonary hypertension: 6) congestive 
heart tailure (see WARNINGS) unless the failure is secondary to a tachyarrhythmia treatabie 
with INDERAL., 7) in patients on adrenergic-augmenting psychotropic drugs (including MAG 
inhibitors). and during the two week withdrawal period from such drugs 
WARNINGS: CARDIAC FAILURE: Sympathetic stimulation is a vital component supporting 
circulatory function in congestive heart failure, and inhibition with beta-blockade always caries 
the potenhal hazard of further depressing myocardial contractility and precipitating cardiac fait- 
ure. INDERAL acts selectively without aoolishing the inotropic action of digitalis on the heart 
muscie (Le. that of supporting the strength of myocardial contractions). In patients already 
receiving digitalis. the posiive motrapic achen of digitalis may be reduced by INDERALs 
negative inotropic effect The effects of INDERAL and digitalis are additive in depressing AV 
conduction 

IN PATIENTS WITHOUT A HISTC RY OF CARDIAC FAILURE. continued depression of the 
myocardium over a penod of ime can, in some cases. lead to cardiac failure. in rare instances. 
this has been observed dunng INDERAL therapy. Therefore. at the first sign or symptom of ir- 
pending cardiac failure, patents ssould be fully digitalized and/or given a diuretic. and the r2- 
sponse observed closely: a) if cardiac failure continues. despite adequate digtalization and 
diuretic therapy INDERAL therapy should be immediately withdrawn. D} if tachyarrhythmia is 
being controlled. patients should be maintained on combined therapy and the patient closel: 
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followed untif threat of cardiac failure is over 















IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, n some cases, myocardial infarctien, ere abrupt discontinuation at 
INDERAL therapy. Therstore. when discontinuance of INDERAL is planned the dosage 
should be gradually reduced and the patient carefully monitored. In addition, when 
iNDERAL is prescribed fer angina pectoris. the patient should be cautioned against 
interruption or cessation of therapy without the physician's advice. if INDERAL therapy 
is interrupted and exacerbaticn of angina occurs, it usually is advisable te reinstitute 
INDERAL therapy and take other measures ap 2ropriate for the management of unsta- 
bie angina pectoris. Since coronary artery disease may be unrecognized. it may be 
prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given p opranolol for other indications. 


Ey 

IN PATIENTS WITH THYROTOXICOSIS. possible deleterious effects from long term use ni 
not been adequately appraised. Special consideration should be given to propranolol’s pot 
tiatfor aggravating congestive heart failure. Propranolol may mask the clinica! signs of deve 
ing or continuing hyperthysoidismeor complications and give a false impression of improverr 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptor 
of hyperthyroidism, including thyroid storm. This is another reason for withdrawing proprano 
slowly. Propranolol does net distod thyroid functior tests. 

IN PATIENTS WITH WOLFF. PARKINSON-WHITE SYNDROME. several cases have been n 
ported in which, after propranolol. the tachycardia was replaced by a severe bradycardia re 
quring a demand pacemaker. In one case this res sited after an initial dose of 5 mg propran 

N PATIENTS DURING ANESTHESIA with agents that require catecholamine release for rr 
terance of adequate cardiac funetion, beta blockade will impair tne desired motropic effect 
Theretore, INDERAL shouid be tiated carefully wien administered for arrhythmias occurrir 
dunng anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY beta blockade impairs the ability of the 
heart to respond to refiex stimuli. For this reason. with the exception of pheochromocytoma. 
INDERAL should be withdrawn 48 hours prior to surgery, at which time all chemical and phy 
sislogic effects are gone according to available evidence. However, in case of emergency s 
gery. since INDERAL is a compentive inhibitor of bata receptor agonists, its effects can be re 
versed by administration ef suchagents, e.g.. isoproterenol or levarterenol, However, such { 
tents may be subject to protracted severe hypotension. Difficulty in restarting and maintaini 
the heart beat has also been reported 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g, CHRONIC BRONCHIT 
EMPHYSEMA), INDERAL sficulc be adminisierec with caution since it may block bronchod! 
tien produced by endogenous and exogenous catecholamine stimulation of beta receptors 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta-adrenerc 
bocking activity, INDERAL may orevent the appearance of premonitory signs and symptom 
{pulse rate and pressure changes) of acute hypoglycemia. This is especially important to ke 
ir mind in patients with labile diabetes. Hypoglycemic attacks may be accompanied by a pr 
epitous elevation of blood pressure 

USE IN PREGNANCY. The safe use of INDERA® in human pregnancy has.not been es- 
tablished. Use of any drug n pregnancy or women of childbearing potential requires that the 
possible risk tc mother aadyor fetus be weighed against the expected therapeutic benefit. E 
tryotoxic effects have been seen in animal studies at doses about 10 times the maximum rec 
ommended human dose 
PRECAUTIONS: Patients teceiving catecholamine depleting drugs such as reserpine shou 
be closely observed if INDERAL is administered. The added catecholamine blocking action 
nis drug may then produce an excessive reducton of the resting sympathetic nervous activ 
Occasionally, the pharmacologic activity of INDERAL may produce hypotension and/or mar 
bradycardia resulting in vertigo: syncopal attacks, or orthostatic hypotension. 

As with any new drug given aver prolonged periods, laboratory parameters should be ob- 
served at regular intervais. The drug should be used with caution in patients with impaired re 
ef hepatic function. 

ADVERSE REACTIONS: Cardiovascular. bradycardia: congestive heart failure: intensificat 
of AV block: hypotension, paresthesia of hands, arterial insufficiency, usually of the Raynaud 
ype: thrombocytopenic: purpusa 

Centrai Nervous System. lightheadedness. mantal depression manifested by insomrua. la 
tude. weakness. fatigue: reversible mental deprassion progressing to catatonia. visual distu 
Dances; hallucinations; ar: acute reversible syncrome characterized by disorientation for tir 
and place. short term memory toss. emotional lability, slightly clouded sensonum., and de- 
creased performance on neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping. diarrhea, co 
stipation, mesenteric arterial thrombosis. ischemic colitis 

Allergic. pharyngitis and agranulocytosis. ernghematous rash, fever combined with aching 
and sore throat, laryngespasm and respiratory distress 

Respiratory: bronchespasm. 

Hematologic: agranwocytodis. nonthrombocyvtopenic purpura, thrombocytopenic purpuri 

Miscellaneous. reversible alopecia. Oculomucocutaneous reactions involving the skin, se 
sous membranes and conjunctivae reported for a beta blocker (practolol) have not been cor 
clusively associated with proprancial. 

Clinical Laboratory Test Finængs: Elevated bood urea levels in patients with severe heart: 
ease, elevated serum bansarmunase, alkaline phosphatase. lactate dehydrogenase 
DOSAGE AND ADMINISTRATION: The dosage range for INDERAL is different for each 
indication. 

ORAL 

ARRHYTHMIAS — 10:30 mg three or four times daily, before meals and at bedtime. 

HYPERTROPHIC SUBAORTIC STENOSIS — 20-40 mg three or four times daily, before mez 
and at bedtime 

PHEOCHROMOCYTOMA — Preaperatively — 60 mg daily in divided doses for three days p 
to surgery. concomitantly with an alpha-adrenergic blocking agent. ~Management of inaper 
bie tumor — 30 mg daily in div-ded doses 

PEDIATRIC DOSAGE At this time the data or the use of the drug in this age group are too 
ded to permi adequat= direcaons for use 

INTRAVENOUS Intravenous administration is reserved for life-threatening arrhythmias or 
those occuring under anesthesia. The usual dose is from 1 to 3 mg administered under care 
monitoring, e.g. electrocardiographic. centrai venous pressure The rate of administration 
shouid not exceed 1 mg (1 mi: per minute to diminish the possibility of lowering blood pressi 
and causing cardiac tlandstil. Sufficient hme shouid be allowed for the drug to reach the sit 
action even when a siew circulation is present If necessary. a second dose may be given af 
two minutes. Thereafter, additional drug should not be given in less than four hours. Addition 
INDERAL shouid not be given when the desired alteration in rate and/or rhythm is achieved. 

Transference to ora’ therapy should be made as soon as possibie 

The intravenous adenrustretion of INDERAL has not been evaluated adequately in the mar 
agement of hypertensive emergencies 
OVERDOSAGE OR EXAGGERATED RESPONSE: IN THE EVENT OF OVERDOSAGE OR 
EXAGGERATED RESPONSE. THE FOLLOWING MEASURES SHOULD BE EMPLOYED 

BRADYCARDIA— ADMINISTER ATROPINE (0.25 to 1.0 mg}. IF THERE IS NO RESPONSE 
VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 

CARDIAC FAILURE — DIG TALIZATION AND DIURETICS 

HYPOTENSION— VASOPRESSORS. e g. LEVARTERENOL OR EPINEPHRINE (THERE IS 
DENCE THAT EPINEPHRINE IS THE DRUG CF CHOICE } 

BRONCHOSPASM-ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 
HOW SUPPLIED: (NDERAL (propranolol hycrochloride) 

TABLETS: No. 467 ch scored tablet contains 10 mg of propranolol hydrochloride, in bot! 
of 100 and 1.000. Aise in unit dose package o 100 No 462 -— Each scored tablet contains 

20 mg of propranolol hydrochloride. in bottles of 100 and 1.000. Also in unit dose package of 
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Good guess for a layman. But to you these are the enemy. 
They are Cytomegalovirus gastritis (A) Disseminated coccidi- 
oidomycosis(B) and Strongyloides stercoralis filariform larva 
(C) . . . infections which demand special care when they strike 
patients with pre-existing illnesses and deficiencies. They are 
among the many discussed in. . . 
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Exercise thallium scanning and stress radionuclide angiography were 
compared in 16 normal subjects and 42 patients with more than 75 percent 
coronary arterial obstruction in studies using upright exercise on a bicycle 
ergometer. Studies at rest were subsequently obtained. Exercise thallium 
scans in the control group were normal in 15 and showed a defect in 1; 
ejection fraction increased in all 16 (from 0.61 + 0.03 to 0.80 + 0.03: p 
<0.0005 ). During exercise, regional wall motion increased uniformly. In 
the group with coronary artery disease, thallium scanning revealed a new _ 
defect in the distribution of the involved arteries in 24 patients (57 per- 
cent). in 15 who had a defect at rest, no new defect developed, but in 9 
(60 percent) of the 15 new segmental wall motion defects were evident 
on radionuclide angiography. With exercise, ejection fraction decreased : 
slightly (from 0.52 + 0.04 to 0.45 + 0.03; p <0.005). Regional wall motion 
abnormalities developed in the areas corresponding to thallium defects- 
in all. Thallium scanning had a 93 percent and radionuclide angiography 
a 98 percent sensitivity value in detecting coronary artery disease; the 
respective specificity values were 94 and 100 percent (not statistically 
significant; p <0.02). In patients with prior myocardial infarction who = 
manifested new exercise abnormalities, 50 percent showed new thallium 
defects and 81 percent new wail motion defects. - 

Thus, both exercise thallium scanning and radionuclide angiography : 
are useful in detecting coronary artery disease. The latter study maybe 
more sensitive in detecting new disease in patients with prior myocardial 
infarction. It also offers previously unobtainable data on left ventricular 
function and anatomic site of disease. 


Assessment of myocardial perfusion using thallium-201 during exer- 
cise-induced stress has been shown to be a sensitive and valuable diag- 
nostic aid in the detection of coronary artery disease. 1-4 However, even 
when this procedure is coupled with continuous electrocardiographic’ 
monitoring up to 11 percent of patients with angiographically significant - 
coronary artery disease are not detected. In fact, in some patients with: 
double or triple vessel. disease uniformly diminished perfusion 
throughout the myocardium is frequently undetected because of the lack 
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-ofa normal reference for comparison.*? In addition, 
thallium perfusion scans give no information on the 
“physiologic significance of demonstrated hypoperfu- 
sion. 

Recently, the technique of intravenous radionuclide 
- angiocardiography has been used to evaluate the effects 
of exercise stress on global and regional left ventricular 
function.5^ -9 Patients without angiographically signifi- 
cant coronary artery disease uniformly have an in- 
creased ejection fraction and demonstrate increased 
segmental wall motion during exercise stress. However, 
patients with significant coronary arterial obstruction 
manifest segmental wall motion abnormalities during 
exercise stress and demonstrate either a decrease or a 
lack of increase in left ventricular ejection fraction.® 
In this study we compared the sensitivity and speci- 
< ficity of thallium-201 stress testing and first pass ra- 
=: dionuclide stress angiography in detecting coronary 
: artery disease (1) in patients without prior myocardial 
infarction, and (2) in patients with prior myocardial 
infarction who might have disease in areas other than 
the original infarct site. 


Methods 


-Patient selection: All patients were referred for coronary 





-arteriography because of chest pain refractory to conventional 


o antianginal therapy. All coronary arteriograms were per- 
formed within 6 months cf the radionuclide procedures. No 


a change in the patients’ clinical status occurred between 


-= studies. 

© The patients were classified into two groups on the basis 
of angiographic evidence of coronary artery disease. Group 

=F, the control group, comprised 16 patients (10 male) with an 
average age of 41 years (range 28 to 64). None of these patients 
had greater than 50 percent obstruction of any coronary ar- 

tery. Group 2 consisted of 42 randomly selected patients (33 
= male) with an average age of 57 years (range 45 to 68). Each 

of these patients had at least 75 percent obstruction of at least 


=> one coronary artery. Twenty-one of the patients had elec- 


trocardiographic and documented enzyme evidence of a prior 
myocardial infarction. 

Exercise protocol: Before the start of exercise a no. 20 
gauge Jelco polyethylene catheter was placed into an an- 
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tecubital vein and connected to a slow infusion of a solution 
of 5 percent dextrose in water. Standard electrocardiographic 
electrodes were then attached so that the six limb leads could 
be recorded before and during each stage of the exercise pro- 
tocol, 

Exercise was performed using a bicycle ergometer with the 
patient seated in the upright position. The starting work load 
was 75 kilopond-meters (kpm) and was increased at 1 minute 
intervals in increments of 75 kpm. Blood pressure, heart rate 
and an electrocardiogram were recorded just before the work 
load was increased at each level. The end point was the at- 
tainment of (1) maximal predicted heart rate, (2) flat S-T 
segment. depression of at least 2 mm, (3) frequent ventricular 
ectopic activity, or (4) severe chest pain or fatigue causing the 
patient to refuse further exercise. At this point, 1.5 mCi of 
thallium-201 was injected intravenously and exercise con- 
tinued for 1 more minute. Within 10 minutes after the cessa- 
tion of exercise, imaging was begun and 300,000 count images 
were obtained in the anterior, left anterior oblique and left 
lateral projections. A flexible lead shield with an opening 10 
cm in diameter was used to mask out extracardiac activity. If 
a defect was noted in any of the exercise thallium images, the 
patient was scheduled to return in 4 to 7 days for.a second 
study at rest. 

Radionuclide angiography: The subjects exercised again 
te the same work lead 1 hour after the thallium exercise study. 
To perform studies at the time of maximal upright stress re- 
quired overcoming the problem of patient motion relative to 
the scintillation camera detector. To accomplish this the ex- 
ercise was performed with the subject facing the camera de- 
tector in the 30° right anterior oblique projection while seated 
on the bicycle ergometer. A foam rubber wedge attached to 
the high resolution collimator was used to maintain this pro- 
jection. The subject was then held to the detector and the 
wedge by astrap placed around his back and connected at its 
ends to the camera’s detector. In addition, the subject’s arms 
grasped the detector gantry. The mobile camera detector 
gantry had a small amount of free movement so that it moved 
with the patient while he pedaled the bicycle. In this way the 
patient remained motionless relative to the detector because 
his motion was transferred to the camera gantry itself. 

At the time of the subject’s maximal stress, a 20 second list 
mode acquisition was made either onto magnetic tape or di- 
reetly onto the disk of a minicomputer during the injection 
of a 15 mCi bolus dose of technetium-99m DTPA into an an- 


FIGURE t. Changes in ejection fraction from rest to ex- 
ercise in the 16 normal-subjects (left) and the group cf 42 
patients. with coronary artery. disease (right). SEM = 
standard error of the mean. 
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tecubital vein. The exercise was continued while the acquisi- 
tion was completed. An upright first pass radionuclide an- 
giocardiogram was obtained at rest 4 hours later using 20 mCi 
of technetium-99m pertechnetate. 

At the time of study all patients were in the fasting state and 
were continuing to take all prescribed medications. No study 
was performed within 4 hours of the last dose of nitrates. 

Data processing: The list mode data were recorded either 
on the camera’s high speed (75 inches/s [190.5 cm]) magnetic 
tape drive or directly onto the disk of a minicomputer system 
(Informatek Simis 3) for calculation of ejection fraction and 
determination of segmental wall motion as described previ- 
ously. The outlines of the end-diastolic and end-systolic 
images were obtained and superimposed on a color video 
display. For evaluation of regional wall motion, the left ven- 
tricular outline was divided into four segments: anterobasal, 
anteroapical, inferoapical and posterobasal. Each segment was 
assessed by three different observers and judged to be either 
dyskinetic, akinetic, hypokinetic, normal or hyperkinetic. All 
studies were interpreted without knowledge of the results of 
angiograms, and vice versa. In addition, the edge outlines of 
the 16 sequential frames composing one composite cardiac 
cycle were repetitively and sequentially displayed on the color 
television monitor; the end-diastolic outline was continuously 
present to serve as a reference. This dynamic display of the 
“beating edge” of the ventricle with the diastolic edge as ref- 
erence enabled the observer to visualize the dynamic sequence 
of cardiac contraction. 

Statistical analysis: Sensitivity was defined as True pos- 
itive studies/True positive plus False negative studies. 
Specificity was defined as True negative studies/False positive 
plus True negative studies. Comparisons of two studies in 
individual patients were made using the paired Student’s t 
test. The sensitivity and specificity of the two techniques was 
compared using the McNemar test. 


Results 


Control Group 


Thallium studies: All 16 patients with normal cor- 
onary arteriograms had normal resting thallium per- 
fusion scans. Fifteen of the 16 patients also had normal 
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FIGURE 2. Superimposition of the diastolic and systolic outlines of the 
left ventricle in the right anterior oblique projection during rest (left) and 
during exercise (right) in a control subject. Note the uniform improve- 
ment in wall motion during exercise. 


exercise perfusion studies; 1 had a defect associated with 
exercise. 

Ejection fraction and segmental wall motion: The 
ejection fraction (Fig. 1) uniformly increased from rest 
to exercise: 0.61 + 0.03 to 0.80 + 0.03 (mean + standard 
error of the mean) (p <0.0005). All patients had an in- 
crease of at least 0.10 in ejection fraction during exercise. 
Segmental wall motion evaluated over the two anterior 
and two inferoposterior segments was normal at rest in 
15 of the 16 patients, but was uniformly increased 
during exercise in all 16 patients (Fig. 2). Fifteen of the 
16 patients had a negative electrocardiographic response 
to exercise stress (Table I). 


Group With Coronary Artery Disease 


Thallium studies: Among the 42 patients with an- 
giographically significant coronary artery disease, the 
thallium perfusion study at rest was normal in 20 and 
showed some defect in the remaining 22 patients. A new 
perfusion defect developed during exercise in 24 (57 
percent) of the 42 patients. Eighteen (86 percent) of the 
21 patients with prior myocardial infarction had a 
perfusion defect at rest. In five (28 percent) of these 
patients a new defect developed during stress. A per- 
fusion defect was either present at rest or developed 











TABLE | 
Data at Rest and During Exercise in Normal Group (16 patients) 
Heart Rate Ejection Wall Motion Thallium 
(beats/min) Fraction Defect Defect 
Ex 
Case R Ex R Ex R Ex R Ex ECG 
A 75 125 0.63 0.80 IA 0 0 0 + 
B 80 115 0.78 0.90 0 0 0 0 = 
C 62 115 0.67 0.83 0 0 0 0 = 
D 78 125 0.65 0.82 0 0 0 AA = 
E 82 170 0.54 0.67 0 0 0 0 E 
E 78 154 0.56 0.70 0 0 0 0 kac 
G 68 142 0.65 0.84 0 0 0 0 = 
H 85 134 0.60 0.82 0 0 0 0 a 
l 75 140 0.62 0.88 0 0 0 0 = 
J 83 142 0.54 0.65 0 0 0 0 = 
K 68 150 0.50 0.75 0 0 0 0 = 
L 95 166 0.62 0.77 0 0 0 0 = 
M 88 162 0.59 0.82 0 0 0 0 = 
N 78 140 0.62 0.90 0 0 0 0 = 
O 68 170 0.65 0.85 0 0 0 0 = 
F 72 136 0.58 0.78 0 0 0 0 x 
AA = anteroapical; E = exercise; ECG = electrocardiogram; IA = inferoapical; R = rest; + = positive; — = negative; 0 = no abnormality. 
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REST 
FIGURE 3. Superimposition of the diastolic and systolic outlines of the 
left ventricle in the right anterior oblique projection in a patient with 


coronary artery disease. Note the inferior wall hypokinesia present 
during exercise. 


during stress in 39 patients (93 percent). Thus, the 
overall sensitivity of the thallium study in the detection 
of coronary artery disease was 93 percent and specificity 
was 94 percent. In two patients (5 percent) no perfusion 
defect was present either at rest or during exercise. In 
the subgroup of 16 patients with prior myocardial in- 
farction who manifested a second perfusion or wall 
motion defect with exercise, only 8 patients (50 percent) 
manifested the new defect in the thallium perfusion 
study during stress. 

Ejection fraction and segmental wall motion: The 
ejection fraction (Fig. 1) decreased in response to ex- 
ercise stress (from 0.52 + 0.04 to 0.45 + 0.03; p <0.005). 
These data include the values from six patients (14 
percent) whose ejection fraction increased. In five of the 
six patients whose ejection fraction increased, segmental 
wall motion defects developed in the distribution of the 
stenosed coronary artery; however, hyperkinesia de- 
veloped in the other regions (see Fig. 4). In the sixth 
patient, no segmental wall motion (or thallium) defects 
developed. 

Sixteen of the 42 patients had no segmental wall 
motion defect at rest, but 40 patients (95 percent) (Fig. 
3 and 4) either manifested a new wall motion defect (28 
of 42 [67 percent]) or showed no improvement in a 
preexisting defect in the distribution of the diseased 
coronary artery or arteries during exercise (consistent 
with an area of prior infarction) (12 patients). 

All 21 patients with a documented prior myocardial 
infarction had segmental wall motion abnormalities at 
rest. Of these patients, 13 (62 percent) manifested new 
wall motion defects during exercise stress corresponding 
to areas supplied by one or more additional significantly 
stenosed coronary arteries. Two patients (5 percent) 
showed no wall motion abnormality (or thallium defect), 
but their exercise tests had to be stopped early because 
of symptoms of leg claudication. A wall motion defect 
at rest or during stress, or both, or a lack of change or 
decrease in stress ejection fraction was present in 41 
patients (98 percent). In the remaining patient the 
ejection fraction increased by only 6 percent. Thus, the 
overall sensitivity for the detection of coronary artery 
disease was 98 percent with a 100 percent specificity. 
Among the patients with prior myocardial infarction 
who had a second perfusion or wall motion defect with 
exercise, 13 (81 percent) demonstrated the new defect 
as a segmental wall motion defect during stress. 





FIGURE 4. Superimposition of the diastolic and systolic outlines of the 
left ventricle in a patient with coronary artery disease whose ejection 
fraction increased during exercise. Note the development of regional 
anterior wall hypokinesia during exercise, but with associatec hyper- 
kinesia of the inferobasal wall of the ventricle. 


The electrocardiographic stress test was positive in 
34 patients (81 percent) and negative in the remaining 
8 (Table ID). 

Comparison of sensitivity and specificity: Thal- 
lium scanning had a 50 percent and radionuclide angi- 
ography. an 81 percent sensitivity in detecting signifi- 
cant additional coronary arterial lesions in the presence 
of prior myocardial infarction. This difference was only 
significant to the 0.2 level. The specificity of the meth- 
ods was 94 and 100 percent, respectively. 


Discussion 


The significance of coronary arterial obstruction 
depends on whether the relation between myocardial 
oxygen supply and demand results in impairment of 
myocardial function. There are many reports!2!! of 
patients with relatively severe coronary artery disease 
without symptoms of angina. It has also been shown!! 
that the severity and frequency of anginal episodes do 
not correlate with degree of coronary obstruction. 

Potential limitations of thallium perfusion study: 
During exercise stress, coronary arterial blood flow 
normally increases. When an obstructed coronary artery 
prevents this normal increase, the relative difference 
in flow occurs in the distribution of this artery in rela- 
tion to that of neighboring coronary arteries that are 
able to transport the increased flow and results in the 
difference in perfusion imaged with this technique. 
However, because thallium perfusion imaging enables 
assessment of coronary perfusion only in reference to 
the areas with better perfusion, it may not detect per- 
fusion defects in patients who have diffuse coronary 
artery disease. These patients may have a uniform ho- 
mogenous distribution of thallium uptake because blood 
flow is uniformly and globally decreased; thus the 
thallium study may find no relative difference in up- 
take, and yield a false negative result.?? In addition, the 
timing of imaging after the thallium injection is crucial 
because redistribution of the agent is detectable as early 
as 10 minutes!” after the cessation of exercise. 

The thallium method also cannot be used to quanti- 
tate a change in perfusion in an area already displaying 
a perfusion defect at rest. This was exemplified in our 
study by the 15 patients (36 percent) of the 42 patients 
with coronary artery disease who had no new defect in 
perfusion during exercise stress. However, 9 (60 percent) 
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“TABLE it 
‘Group With Coronary Artery Disease (42 patients) 
Heart Rate Ejection Wall Motion Thallium 
(beats/min) Fraction Defect Defect 
Sees Ex Prior 
Case R Ex R Ex R Ex R Ex ECG CAD MI 
t 67 106 0.57 0.45 IA IA i L + RCA Yes 
2 97 130 0.54 0.43 AA AA, IA L LL + RCA, LAD Yes: 

3 83 135 0.62 0.56 AA AA, AB A A = LAD, LCA Yes 
pig 90 150 0.37 0.37 lA AB, IA ib LL + LCA, RCA Yess 
$: 68 98 0.54 0.48 AB AB, IA A AI + RCA, LAD Yes 
6 67 140 0.49 0.44 D D 9 H + LAD, LCA, RCA No: 

7 64 148 0.61 0.58 9 Ap 0 A, Ap + LAD No 
8 83 130 0:22 0.16 D D 0 A S, L + LAD, LCA, RCA Nọ 
9 93 150 0.31 0.33 D AA, IA Ap S, Ap, I + LAD, RCA No 
100 278 152 0.27. 0.26 1A, IB IA, 1B 9 j E RCA Yes 
cfi 62 115 0.55 0.45 IA 1A i Ap, Í L + LCA Yes 
12 78 107 0.62 0.50 o iB 0 f + RCA No 
13 88 115 0.58 0.42 6 A, Ap 9 LL + LOA, RCA No. 
14. 93 120 0.56 0.62 9 0 o 0 = LAD, RCA No 
45 48 95 0.43 0.43 AA, IB AA, IB- 0 A$ = LAD, LCA, RCA Yes 
46 55 136 0.46 0.53 IA, 1B AA, IA. LL BL = RCA; LAD yass. 
oF? 78 140 0.58 0.49 8 AB 0 A + LAD, LOA Now 
48 82 136 0.48 0.40 0 IA Q j Ea RCA No = 
19 74 138 0.38: 0.36 0 AB it) L Ra LCA No 
20 60 107 0.54 0.49 AA AA, | A A + RCA, LAD Yes 
21 68 93 0.40 0.36 D D L L, IA + RCA; LAD; LCA Now 
22 60 100 0.34 0.51 i 1 | |] + RCA yes- 
3 o 138 0.44 0.52 IA 1A, IB Ap = Ap AS oof LAD Yes 
24 65 125 0.62 0.71 (3) l LS l, = LAD, RCA No: 
25 70 125 0.60 0.53 IA 1A, 1B p Ap + RCA Vege. 
26 72 145 0.80 0.58 o D 0 0 + RCA, LAD, LCA Nou 
27 88 120 0.73 0.54 0 AB, AA, IA 0 A, Ap + LAD Noc 
28 68 148 0.29 0.29 D D A,! Ay! + RGA, LAD, LCA No = 
29 70 130 0.47 0.39 IA IA, IB l f + RCA Yes 
30 65 105 0.53." - 0.53 AA AA, AB Ap Ap, A + LAD, LCA Yes 
31 78 140 0.58 0.44 [$] IB 0 t + RCA No 
32 68 103 0.71 0.36 IA, IB IA, IB I j ad RCA Yes 
33 75 159 0.44. 0.32 AB, AA, IA D A, Ap, i A, Ap, | + LAD, RCA Yes 
34 88 447 0.50 0.50 9 0 if] 0 = LCA No 
35 92 152 0.68 0.44 AA AA A A + LAD Yes 
36 68 170 0.66 0.52 0 AA 0 Ap + LAD No 
37 78 438 0.56 0.38 0 AA, IA 0 A, Ap + LAD, RCA No 
38 §7 150 0.48 0.48. AA AA, AB 0 A + LAD Yes 
39 90 142 0.65 0,50 0 IA, IB 0 I oars RCA Now 
46 84 136 6.50 0.29 1A, AA AB, IA, AA A, Ap A, Ap + LAD, RCA Yes 
41> 88 164 0.54 0.42 0 AB, AA 0 A +2 LAD, ECA Nooo 
AQ coo 72 158 0.46 0.36 IB, 1A IB, IA | I tee RCA Yes. 
: A = anterior; AA = anteroapical; AB-= anterobasak Ap = apical; CAD = coronary artery disease; D =.diffuse; Ex = exercise: = inferior; 
IA = inferoapical; IB = inferobasal; L = lateral; R = rest; S = septal; + = present; — = absent; 0 = no abnormality. i n 


graphically significant coronary artery disease, both 
regional and global abnormalities in left ventricular _ 
function became apparent during exercise stress. 
In six patients with significant coronary artery disease 
global ejection fraction increased during exercise stress.. 


“~of these 15 patients did manifest a new segmental wall 
motion defect during exercise stress. 

_.. Radionuclide angiography to study segmental 

: -wall motion: Abnormalities in left ventricular seg- 

mental wall motion are sensitive indicators of regional 


ischemia secondary to stenoses of the coronary arteries 
supplying those areas.!°~!9 When myocardial oxygen 
demand is increased ‘by exercise stress, regional ab- 
normalities in left ventricular function become manifest 
in those patients with true ischemic heart disease.®?0 
The technique of first pass radionuclide angiocardi- 
ography has been found to be an accurate and repro- 
ducible method of quantitatively evaluating both global 
left ventricular function?! and segmental wall motion.”* 
Left ventricular function improves both regionally and 
globally during maximal exercise stress in normal 
subjects and patients without significant coronary ar- 
terial obstruction. However, in patients with angio- 
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In five of these patients regional contractility improved 
in areas supplied by nonsignificantly stenosed coronary 
arteries (Fig. 4), thus offsetting the effects of the de- 
crease in contractility of the ischemic areas. In the sixth 
patient, exercise was stopped because of leg claudication 
before the predicted maximal heart rate could be 
achieved. : 
Radionuclide angiography versus thallium per- 
fusion scanning: Of the 15 patients whose thallium 
perfusion defect.at rest was unchanged during exercise, 
9 had no new segmental wall motion defects. In-all pa- 
tients with significant coronary artery disease who ex- 
ercised to their previously defined end point, either-a 
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new wall motion defect developed or segmental wall 
motion did not improve during exercise stress. These 
segmental wall motion defects corresponded to the areas 
of myocardium supplied by the stenosed coronary ar- 
teries, thus confirming the importance of evaluating 
regional as well as global left ventricular function during 
exercise stress. 

Of patients with prior myocardial infarctions 86 
percent had a thallium defect at rest, but all had wall 
motion abnormalities at rest. Of the 16 patients with 
prior myocardial infarction who manifested a second 
defect during exercise, the defect was demonstrated as 
a new perfusion defect in only 8 (sensitivity 50 percent) 
but appeared as a wall motion abnormality in 13 (sen- 
sitivity 81 percent). Although these data suggest that 


© radionuclide stress angiography is more sensitive in 


-detecting additional coronary artery disease in patients 


: © with prior myocardial infarction, the differences in 


sensitivity were not statistically significant (p <0.2). 
= Comparison with electrocardiographic stress 
=- testing: Only 34 (81 percent) of the 42 patients with 
-coronary artery disease manifested significant S-T 
segment depression during the exercise stress, whereas 
93 percent manifested thallium defects and 98 percent 
- demonstrated abnormalities in segmental wall motion. 
 Electrocardiographic stress testing is a valuable tool, but 
> has a relatively large incidence of false positive results 
when applied as a sereening procedure??° in an 
asymptomatic population. Thus, the physician must 


ask: Should an asymptomatic patient with abnormal 
treadmill test results be subjected to coronary arteri- 
ography with its attendant risks and costs or be left to 
wonder whether he has a high risk of having a heart 
attack? The noninvasive procedures described here with 
their high sensitivity (93 percent for thallium, 97 per- 
cent for radionuclide angiography) and specificity (94 
and 100 percent, respectively) may be helpful in clari- 
fying this complex problem. 

Implications: Our results are in agreement with data 
from prior studies indicating the sensitivity of both 
thallium perfusion stress testing and radionuclide an- 
glographic stress testing in detecting the presence of 
coronary artery disease. In patients with a preexisting 
infarction both thallium and radionuclide angiography 
are useful in detecting additional coronary artery dis- 
ease and may serve complementary roles. However, 
radionuclide angiography may be a more sensitive and 
specific indicator of both the presence and the location 
of significant associated coronary artery disease. In 
addition, thallium stress testing offers no information 
on left ventricular function and only indirect evidence 
of the nature of coronary obstructive disease. 


Acknowledgment 


We gratefully acknowledge the technical expertise of Diana 
Csterhues, John Carmody and Sheldon Chelsey, and the 
secretarial assistance of Grace Fredrickson and Susi 


Lanier. 


References 


1. Bailey IK, Griffith SC, Rouleau J, Strauss HW, Pitt B. Thallium-201 
myocardial perfusion imaging at rest and during exercise (com- 
parative sensitivity to elecirocardiography in coronary artery dis- 
ease). Circulation 1977; 55:79-87. 

2. Ritchie JL, Trobaugh GB, Hamilton GW, et al. Myocardial imaging 
with thallium-201 at rest and during exercise (comparison with 
coronary arteriography and resting and stress electrocardiography). 
Circulation 1977; 56:66-71. 


c0 3. Botvinick EH, Taradash MR, Shames DM, Parmely WW. Thal- 


lium-201 myocardial perfusion scintigraphy for the clinical clari- 
fication of normal, abnormal and equivocal electrocardiographic 
stress tests. Am J Cardiol 1978; 41:43-51. 

4. Ritchie JL, Zaret BL, Strauss HW, et al. Myocardial imaging with 
thallium-201: a multicenter study in patients with angina pectoris 
or acute myocardial infarction. Am J Cardiol 1978; 42:345-50. 

5. Borer JS, Bacharach SL, Green MV, Kent KM, Epstein SE, 
Johnston GS. Real-time radionuclide cineangiography in the 
noninvasive evaluation of global and regionai left ventricular 
function at rest and during exercise in patients with coronary artery 
disease. N Engl J Med 1977; 296:839-44. 

§. Jengo JA, Oren V, Conant R, Brizendine M, Nelson T, Uszler JM, 
Mena I. Effects of maximal exercise stress on left ventricular 

` function in patients with coronary artery disease using first pass 
radionuclide-angiocardiogragshy {a rapid noninvasive technique for 
the determination.of ejection fraction and segmental wail motion). 
Circulation 59 1979; 80-5. 

7. Newman GE, Rerych SK, Upton MT, Sabiston DC Jr, Jones RH. 
Assessment of coronary disease by rest and exercise. Radionuclide 
angiocardiography and treadmill procedure (abstr). J Nucl Med 
1979; 20:649. 

8. Upton MT, Newman GE, Port S, Rerych SK, Jones RH. Left ven- 
tricular function during two levels of exercise in patients with 
coronary artery disease (abstr). Am J Cardiol 1979; 43:433. 

9. Berger HJ, Reduto LA, Johnstone DE, et al. Global and regional 


left ventricular response to bicycle exercise in coronary artery 
disease (assessment by quantitative radionuclide angiography). 
Am J Med 1979; 66:13-21. 

16. Selzer A, Cohn K. Asymptomatic coronary artery disease and 
coronary bypass surgery. Am J Cardiol 1977; 39:614-6. 

14. Pichard A. Coronary arteriography for everyone? Am J Gardicl 
1976; 38:533-5. 

12. Schwartz JS, Ponto R, Carlyle P, Forstrom L, Cohn JN. Early re- 
distribution of thailium-201 after temporary ischemia. Circulation 

1978; 57:322-5. 

13. Herman MD, Heinle RA, Klein MD, Gorlin R. Localized disorders 
in myocardial contraction: asynergy and its role in congestive heart 
failure. N Engl J Med 1967; 277:222-30. 

14. Theroux P, Franklin D, Ross J Jr, Kemper WS. Regional myo- 
cardial function during acute coronary occlusion and its modifi- 
cation by pharmacologic agents in the dog. Circ Res 1974; 35: 
896-908. 

15. Hamilton GW, Murray JA, Kennedy JW. Quantitative angiography 
in ischemic heart disease: the spectrum of abnormal left ventricular 
function and the role of abnormally contracting segments. Circu- 
lation 1972; 45: 1065-80. 

16. Miller RR, Amsterdam EA, Bogren HG, Massumi RA, Zelis R, 
Mason DT. Electrecardiographic and cineangiographic correlations 
in assessment of the location, nature, and extent of abnormal left 
ventricular segmental contraction in coronary artery disease. 
Circulation 1974; 49:447-54. 

17. Pasternac A, Gorlin R, Sonnenblick EH, Haft Jl, Kemp HG. Ab- 
normalities of ventricular motion induced by atrial pacing in cor- 
onary artery disease. Circulation 1972: 45:1195-205. 

18. Forrester JS, Wyatt HL, Da Luz PL, Tyberg JV, Diamond GA, 
Swan HJC. Functional significance of regional ischemic con- 
traction abnormalities. Circulation 1976; 54:64-70. 

19. Bjork L, Culthed |, Hallen A. Cineangiocardiographic studies of 
the left ventricle in patients with angina pectoris. Circulation 1967; 


540 March 1980 The American Journal of CARDIOLOGY Volume 45 








- © 86:868-77. 

20.. Sharma B, Goodwin JF, Raphael MJ, Steiner RE, Rainbow RG, 

“Taylor SH. Left ventricular angiography on exercise: a new method 
of assessing deft ventricular function in ischemic heart disease. 


| Br Heart J 1976; 38:59-70. = 
21. Marshall RC, Berger HJ, Costin JC, et al. Assessment of cardiac 


performance with quantitative radionuclide angiocardiography 


_. (sequential left ventricular ejection fraction, normalized left ven- 


tricular ejection rate, and regional wall motion). Circulation 1977; 
§6:820-9. 


2. Jengo JA, Mena |, Slaufuss A, Criley JM. Evaluation of left ven- 


< tricular function (ejection fraction and segmental wall motion) by 


March 1980 The American Journal of CARDIOLOGY Volume 45 __ 


23. 


24, 


25. 


NUCLEAR STUDIES IN CORONARY DISEASE—JENGO ET AL, 


single pass radioisotope angiography. Circul lation 1978. s 
326-32. : 

Redwood DR, Borer JS, Epstein SE. Whither the ST segment : 
during exercise? Circulation 1976; $4:703-6. = 
Borer JS, Brensike JF, Redwood ER, et al. Limitations of the 
electrocardiographic response to exercise in predicting coronary 
artery disease. N Engl J Med 1975: 293:367-71. - 
Froelicher VF, Thompson AJ, Longo MR Jr, Trlebwasser JH, 
Lancaster MC. The value of exercise testing for screening — 
asymptomatic men tor latent-coronary artery disease. Prog | Care . 
diovasc Dis 1976; 18: 265-76. e 








. Left Ventricular Ejection Fraction Determined by 
_ Radionuclide Ventriculography in Early Stages of 
First Transmural Myocardial Infarction 


_ Relation to Short-Term Prognosis 


| PREDIMAN K; SHAH, MD 

-MAX PICHLER, MD 

DANIEL 5. BERMAN, MD, FACC 

~ -BRAMAH N. SINGH, MD, DPhil, FACC 
- HAROLD J.-C. SWAN, MD, PhD, FACC 


: _ Les Angeles, California 


From the Division of Cardiology, Department of 
Medicine, and the Department of Nuclear Medi- 
cine, Cedars-Sinai Medical Center, and University 
of California Los Angeles School cf Medicine, Los 
Angeles, California. Manuscript received May 2, 
1979; revised manuscript received August 26, 
1979, accepted September 12, 1979 

Address for reprints: Prediman K. Shah, MD, 
Publications Office, Division of Cardiology, Ced- 


<: ars-Sinai Medical Center, 8700 Beverly Boulevard, 


~ Les Angeles, California 90048. 


Left ventricular ejection fraction was. determined with multiple gated 
equilibrium cardiac blood pool scintigraphy within 24 hours of the onset 
of symptoms of a first acute transmural myocardial infarction in 56 patients 
(23 with anterior and 33 with inferior infarction). A depressed ejection 
fraction (less than 0. 54) was more frequent in patients with anterior (96 
percent) than in those with inferior (61 percent) infarction {p <0.001); 
the mean ejection fraction was lower in patients with anterior (0.34 + 0.09 
standard deviation) than in those with inferior (0.50 + 0.14) infarction 
(p <0.001). Of the 33 patients with inferior infarction, 19 had concomitant 
S-T segment depression in the precordial leads; the mean ejection fraction 
was lower in this subgroup than in the remaining 14 without such S-T 
depression (0.41 + 0.11 versus 0:61 + 0.08, p <0.05). During the sub- 
sequent hospital course, one or more complications (congestive failure, 
hypotension, sheck, postinfarction angina, death) developed in 27 patients. 
The mean ejection fraction was lower in this group (0.34 + 0.10) than in 
the remaining 29 patients whose hospital course was uncomplicated (0.52 
+ 0.13) (p <0.901). Seven patients (12 percent) died (six from pump 
failure and one from ventricular arrhythmias) 2 to 14 days after the onset 
of infarction. The initial ejection fraction was lower in nonsurvivors (0.27 
+ 0.11) than in survivors (0.46 + 0.13) (p <0.001). Death due to pump 
failure occurred in 6 of 11 patients (55 percent) with an ejection fraction 
of 0.30 or less; in contrast, only 1 of the 45 patients with a higher ejection 
fraction died in the hospital (p <0.001). 

The overall data thus indicate that left ventricular ejection fraction is 
significantly reduced in acute anterior myocardial infarction but not in 
inferior infarction except in patients with associated precordial S-T seg- 
ment depression. An ejection fraction of 0.30 or less is of prognostic value 
in predicting a high risk of hospital morbidity and mortality from pump 
failure in patients with a first acute transmural infarction. 


A reduction in the overall mortality from acute myocardial infarction 
in recent years' has resulted primarily from the development of coronary 
care units? and resuscitative resources for reversal of out-of-hospital 
ventricular fibrillation? as well as from the prophylactic use of anti- 
arrhythmic drugs.* The average mortality rate of hospitalized patients 
with acute myocardial infarction remains between 10 and 15 percent and 
is caused almost exclusively by “pump failure” consequent upon the loss 
of a substantial volume of functioning myocardium.® The long-term 
prognosis of survivors of acute myocardial infarction also appears to be 
determined essentially by the extent of the potentially viable cardiac 
muscle responsible for residual ventricular function.® 

Several studies’* have shown that hemodynamic indexes of ventric- 
ular function are the major determinants of mortality and morbidity in 
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acute infarction, and the subsets of patients with high 
and low mortality rates may be defined on the basis of 
early hemodynamic assessment. Although the avail- 
ability of bedside right heart catheterization with the 
Swan-Ganz catheter has facilitated hemodynamic 
evaluation of critically ill patients, hemodynamic vari- 
¿ables such as cardiac output and ventricular pressures 
do not completely characterize the overall alterations 
in ventricular function.? 
_ Recently developed radionuclide techniques have 
- made it possible to assess ventricular function in terms 
of changes in left ventricular volumes and ejection 
fraction as well as in segmental wall motion.!°-!2 These 
techniques are noninvasive and may therefore be ap- 
plied to critically ill patients at the bedside without 
appreciable extra risk or discomfort. In this study, 
-multiple cardiac blood pool scintigraphy (radionuclide 
ventriculography!*!4) was used to determine the ejec- 
_ tion fraction as an index of ventricular function in pa- 
- tients in the early stages of a first acute transmural in- 


= farction to define the relation between the alterations 


in ejection fraction and the location of the infarct as well 
© as the prognostic significance of such changes with re- 
spect to hospital morbidity and mortality. 


Methods 

. Patients: Fifty-six patients (45 men and 11 women, mean 
age 61 years) were studied within 4 to 24 hours (mean 15 + 7 
[standard deviation]|) of onset of their first acute transmural 
myocardial infarction. The diagnosis of acute transmural 
myocardial infarction was based on the presence of all of the 
following criteria: (1) prolonged chest pain lasting longer than 
30 minutes; (b) development of pathologic Q waves (0.04 
second in duration) in at least two electrocardiographic leads; 
(3) characteristic elevations of serum creatine kinase (CK) 
including its MB isoenzyme fraction, glutamic oxaloacetic 
transaminase and lactic dehydrogenase. Patients with a his- 
tory or-electrocardiographic evidence, or beth, of previous 
myocardial infarction or significant valve disease were ex- 
cluded. No patient was receiving digitalis, propranolol, 
vasodilators or sympathomimetic agents at the time of the 
scintigraphic study. , 

The location of the acute infarct was characterized ac- 
cording to established electrocardiographic criteria as anterior 
(ineluding anteroseptal and anterolateral) or inferior.!® Pa- 
tients with inferior infarction were further characterized into 
two subgroups, namely, those with concomitant precordial 
lead S-T segment depression (greater than 1 mm in at least 
two of six precordial leads) and those without S-T depression. 
None of the patients in the subgroup with precordial S-T 
segment depression had electrocardiographic evidence of left 
ventricular hypertrophy or bundle branch block. Twenty- 
three patients had anterior infarction and 33 had inferior in- 
farction (19 with concomitant precordial S-T segment de- 
pression and 14 without). The mean age was not significantly 
different among the three groups of patients: 58 + 11 years 
(range 34 to 77); 65 + 10 (range 41 to 83); and 61 + 13 (32-82), 
respectively. 

Measurement of left ventricular ejection fraction: 
Radionuclide ventriculography in the 45° left anterior oblique 
and anterior views was performed within 24 hours of the onset 
of symptoms in all patients after intravenous injection of 20 
to 25 mCi of in vitro labeled technetium-99m autologous red 
blood cells,!"!4 using a mobile gamma camera (Ohio Nuclear 
420) equipped with a low energy all purpose collimator and 
a mobile computer (Medical Data Systems). Two-hundred 
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thousand count images were obtained in each of 14 frames 

distributed over the initial two thirds of the cardiac cycle. The: 
total imaging time for the two views ranged from 12 to 20 
minutes. A background-corrected left ventricular activity- 

time curve was generated from the counts within each of 14 

computer-defined frames in the left anterior oblique view. 

Ejection fraction (EF was calculated as follows: EF = 
(End-diastolic counts — End-systolic counts}/End-diastolic 
counts. 

Validation of radionuclide ventriculography and 
normal study: The technique of multiple gated equilibrium 
cardiac blood pool scintigraphy as used in this study and re- 
ferred to as radionuclide ventriculography has been validated 
as a highly reproducible and accurate technique for deter- 
mination of left ventricular ejection. fraction..4 Ejection 
fraction determined with this technique correlated well (r = 
0.93) with ejection fraction determined with contrast cine- 
angiography. On the basis of data obtained in 20 normal. 
subjects, the lower limit of normal left ventricular ejection. 
fraction obtained with this radionuclide technique was 0.54 
(range 0.54 to 0.79; mean 0.63 + 0.08). A depressed ejection. 
fraction in this study is defined as a value of less than 
0.54. 

Statistical analysis: The data are expressed as mean Æ 
standard deviation. The significance of difference in-ejection 
fraction between groups was assessed using one-way analysis 
of variance and Scheffe’s test.!® Chi- -square analysis was used 
to assess the significance of difference in mortality between: 
the patients with an initial ejection fraction of 0.30 or less and 
those with-a value of 0.30 or higher. 


Results 


Left ventricular ejection fraction: The alterations 
in left ventricular ejection fraction in relation to the 
electrocardiographic location of the infarct in the 56 
patients are presented in Figure 1. Ejection fraction was 
depressed (less than 0.54) in 42 (75 percent) of the 56 
patients (mean 0.43 + 0.15; range 0.17 to 0.74). Of the 
23 patients with anterior infarction, 22 (96 percent) had 
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FIGURE 1. Left ventricular ejection traction within 24 hours of a first 
acute transmural myocardial infarction in 56 patients in relation to the 
electrocardiographic location of the infarct. Closed circles represent 
anterior infarction, open circles interior infarction with precordial $-T 
depression (+), and open triangles represent inferior infarction without 
precordial S-T depression. The horizontal dashed line shows the lower 
limit of the normal ejection fraction (0.54). M = mean; N = number of 
patients; p = probability; SD = standard deviation. 
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__-a depressed ejection fraction (mean 0.34 + 0.09; range 
0.17 to 0.55). In contrast, the ejection fraction was de- 
pressed in 20 (61 percent) of 33 patients with inferior 
infarction (mean 0.50 + 0.14; range 0.22 to 0.74). The 
mean ejection fraction was significantly lower in pa- 
_ tients with anterior infarction than in those with inferior 
infarction {p <0.001). 
Of the 33 patients with inferior infarction, ejection 
_ fraction was depressed in 18 (95 percent) of 19 patients 


who had concomitant precordial S-T depression (mean 


0.41 + 0.11; range 0.22 to 0.63) but in only 2 (14 percent) 
“of 14 who did not have precordial S-T depression (mean 
_ 0.61 + 0.08; range 0.44 to 0.74). The difference in mean 
ejection fractions between the two subgroups of patients 


~ with inferior infarction was significant (p <0.05). In 3 


of 19 patients with inferior infarction and concomitant 
precordial 5-T depression, electrocardiographic signs 


_. of true posterior infarction developed (R/S ratio) 1 or 
_ greater in lead V, and in Vo in the absence of right 


> bundle branch block). The mean ejection fraction of 
these 3 patients (0.39) was not significantly different 
<; from that of the remaining.16 patients (0.42). Patients 
_. with anterior infarction had a significantly lower ejec- 
_ tion fraction than that of the subgroup of patients with 
_ inferior infarction without precordial S-T depression 
- (p <0.05). 

_ Hospital course: One or more of the following com- 
__ plications developed in 27 of 56 patients within the first 
_ 2 weeks of their hospital course: (1) congestive heart 
failure (post-tussive rales with a ventricular gallop, 
_ sound or radiologic signs of pulmonary venous hyper- 
_ tension, or both); (2) hypotension (systolic pressure less 
_ than 90 mm Hg) with or without shock syndrome in 
. association with congestive heart failure; (3) recurrence 
- or continuation of ischemic chest pain after the first 24 
_ hours of onset of myocardial infarction; and (4) death. 
_ In anterior myocardial infarction, one or more of these 
_ complications developed in 15 of the 23 patients; con- 
gestive heart failure in 10, hypotension in 4, recurrent 
- -or-continual ischemic chest pain in 8 and death in 3. In 
inferior myocardial infarction, one or more of these 
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FIGURE 2. Comparison and distribution of ejection fraction in the pa- 
tients with and without complications after a first acute transmural 
: myocardial infarction. Symbols and abbreviations as in Figure 1. 


complications were found in 12 of the 23 patients, all of 
whom had precordial S-T depression; congestive heart 
failure developed in 10, hypotension in 5, recurrent or 
continual ischemic pain in 9and death in 4. 

The left ventricular ejection fraction was significantly 
lower in the group with, than in the group without 
complications (0.34 + 0.10 versus 0.52 + 0.13, p <0.001) 
(Fig. 2). None of the listed complications occurred in 
patients with a normal ejection fraction (0.54 or greater); 
however, a depressed ejection fraction (less than 0.54) 
was found in 15 (51. percent) of 29 patients without 
clinical complications. Among 11 patients with an initial 
ejection fraction of 0.30 or less, 6 did not exhibit hypo- 
tension, shock,-or congestive heart failure at the time 
cf initial evaluation, indicating a low degree of sensi- 
tivity of clinical assessment in detecting severely de- 
pressed ventricular function. 

Ejection fraction and mortality: All. 14 patients 
with a normal ejection fraction survived the initial 
hospital course. Seven (12.5 percent) of 56 patients died 
within 2 to 14 days of the onset of acute myocardial in- 
farction. Six of these seven patients died of progressive 
pump failure in spite of therapy with one or more of the 
following supportive measures—inotropic agents, va- 
sedilators and intraaortic balloon counter pulsation. 
The remaining patient died of refractory ventricular 
arrhythmias. The mean ejection fraction was signifi- 
cantly lower in the 7 nonsurvivors than in the 49 survi- 
vers (0.27 + 0.11 versus 0.46 £0.13, p <0.001) (Fig. 3). 
When the patient who died of ventricular arrhythmias 
was excluded (ejection fraction.0.50), all remaing six 
nensurvivors had an ejection fraction of 0.30 or less. 
Only 5 (10 percent) of 49 survivors had a similar degree 
of depression in the ejection fraction. Therefore, death 
related to pump failure occurréd in 6 (55 percent) of 11 
patients with an initial ejection fraction of 0.30 or less 
and in none in 44 patients who had an ejection fraction 
exceeding 0.30 (p <€.001): In the five survivors with a 
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FIGURE 3. Comparison and distribution cf ejection fractions in the 49 
survivors and 7 nonsurvivers of a first acute transmural myocardial 
infarction. Symbols and abbreviations as in Figure 1. 
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severely depressed (0.30 or less) initial ejection fraction, 

-the value increased by 21 and 42 percent, respectively, 
in two patients during the early hospital course and 
».Yemained unchanged in two patients. In the fifth patient 
sevére mitral regurgitation developed within 2 weeks 
of the onset of infarction and mitral valve replacement 
was required. 


Discussion 


Ejection fraction in acute myocardial infarction: 
Our data indicate that left ventricular ejection fraction, 
when determined in the early stages of a first transmural 
myocardial infarction, is significantly reduced in pa- 
tients with anteriorly located infarction. In contrast, it 
is not reduced in patients with inferior infarction except 
- in the subset whose inferior damage is associated with 
“> prominent S-T segment depression in the precordial 
leads of the electrocardiogram. The ejection fraction, 
_ used as an index of ventricular function, was determined 
--by a noninvasive radionuclide technique utilizing 
multiple gated equilibrium cardiac blood pool scintig- 
raphy, which permits accurate and reproducible mea- 
surements. !4 Unlike techniques that utilize area-length 
methods for computing ejection fraction, the technique 
we used is not fundamentally dependent on assump- 
tions regarding chamber geometry, an important con- 
sideration in view of abnormalities of segmental wall 
motion often present in patients with acute ischemic 
- heart disease.!” Additional advantages of the technique 
` include the relatively low cost of the radionuclide tracer 
used-and the easy applicability of the procedure to 
critically ill patients at the bedside with the availability 
of mobile equipment. 

In our study, only patients with transmural myocar- 
dial infarction who had no historic or electrocardio- 
__ graphic evidence of prior myocardial infarction, were 
included. Thus, the observed alterations in ventricular 
function could be related to a single discrete episode of 
acute infarction, as indicated by the electrocardio- 
graphic abnormalities. In the 56 patients studied in the 
very early phases of acute myocardial infarction, the left 
ventricular ejection fraction was depressed in 42 (75 
percent). These results. thus confirm and extend the 
data of other investigators,!®>-*! who reported a reduced 
ventricular ejection fraction in their patients studied 
at various times after the onset of acute myocardial in- 
farction. 

Correlation of ejection fraction and site of in- 
farction and ischemia: Our results, although obtained 
in a-relatively small group patients, demonstrate that 
the electrocardiographic site of myocardial infarction 
may bear importantly on the severity and frequency of 
depression of the ventricular ejection fraction. For ex- 
ample, the ejection fraction was depressed in 22 (96 
percent) of 23 patients with anterior myocardial in- 
farction and in only 20 (61 percent) of 33 patients with 
inferior infarction, a difference also reported by Reduto 
et al.,2° who used the first pass radionuclide technique. 
Other workers!5-19.21 did not analyze their data on de- 
pressed ejection fraction in acute infarction with respect 
to the possible differences in relation to electrocardio- 
graphic site of ischemic damage. 
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In our series, patients with inferior infarction ap- 
peared to form two discrete subsets in relation to the 
presence or absence of concomitant S-T segment de- 
pression in precordial leads. Ejection fraction was de- 
pressed in 18 (95 percent) of 19 patients in the subgroup 
precordial S-T segment depression, but in only 2 (14 
percent) of 14 patients in the subgroup without associ- 
ated S-T segment depression. The greater depression 
of ejection fraction in anterior than in inferior infarction 
demonstrated in our study is consistent with the known: 
hemodynamic evidence of greater left ventricular dys- 
function in anterior than in inferior infarction.” How- 
ever, our patients with inferior infarction who had as- 
sociated S-T segment depression also had a significant 
depression of ventricular function, presumably related: 
to concomitant anterior myocardial wall ischemia?’ It 
is unlikely that true posterior infarction was the prin- . 
cipal cause of the precordial S-T depression because 
only 3 of the 19 patients with inferior infarction and 
concomitant precordial S-T depression had electro- 
cardiographic evidence of true posterior infarction. The - 
nature of this association between S-T depression and — 
inferior infarction is not clear because coronary angi- 
ography was not performed in most of the survivors of. 
in those who died in the hospital. However, if the de- 
pressed ejection fraction in this subset of patients with 
inferior infarction is related to substantial anterior wall 
myocardial ischemia rather than infarction, it is pos- 
sible that the large incidence of hospital morbidity and 
mortality may be altered favorably by interventions that 
have a salutory effect on the ischemic or jeopardized 
myocardium.”4 Thus our finding that a subset of high 
risk patients with inferior myocardial infarction may. 
be identified with electrocardiographic and radionuclide 
ventriculographic criteria may have important thera- 
peutic implications. 

Ejection fraction correlated with morbidity and 
mortality: Our overall data with respect to the de- 
pressed ejection fraction in the early phases of acute 
infarction is also significant in relation to the short-term 
or hospital morbidity and mortality. The ejection 
fraction determined early was depressed in all 27 pa- 
tients who later manifested congestive heart failure, 
hypotension and shock as well as in those who continued ` 
to experience recurrent ischemic chest pain or those who | 
died in the hospital. Seven (12 percent) of 56 patients 
died within 2 weeks of the onset of acute myocardial 
infarction, an incidence that is in general agreement 
with the average mortality figures in patients. with 
transmural myocardial infarction in our unit during the 
past 3 years. Six of the seven deaths occurred as a sec- 
ondary consequence of myocardial pump failure (the 
remaining death was due to refractory ventricular ar- 
rhythmias), all in patients with ejection fraction of 0.30 
or less. Furthermore, these deaths as well as virtually 
all the serious complications occurring during the hos- 
pital stay developed only in patients who had either 
anterior infarction or inferior infarction associated with 
precordial S-T segment depression. Conversely, no 
deaths occurred in patients with a normal ejection 
fraction, and there were no hospital deaths related to 
pump failure in those who had an initial ejection frac- 
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-tion in excess of 0.30. These data therefore emphasize 
_ the prognostic significance of the alteration in left 
ventricular ejection fraction in the early phases of 
transmural myocardial infarction. 

Depressed ejection fraction in the absence of 
clinical complications: Although the average ejection 
fraction in the group without clinical complications was 
higher than that of the group with complications, the 
éjection fraction was moderately depressed in 15 (51 
percent) of the 29 patients in the former group. How- 
ever, this degree of ventricular dysfunction was not 
clinically apparent. Similarly, among the 11 patients 
with severely depressed ejection fraction (0.30 or less) 
congestive cardiac failure or hypotension, or both, was 

absent in 5 at the time of the initial determination of the 
ejection fraction. These data, therefore, confirm the 
relative insensitivity of clinical variables alone in de- 
tecting the presence of depressed ventricular function 
in the early stages of acute myocardial infarction. 

Implications: Our data indicate that left ventricular 

ejection fraction, determined with radionuclide ven- 
__triculography, is a sensitive marker of ventricular dys- 
_ function in the early stages of acute transmural infarc- 
_. tion. Depressed ejection fraction is commonly present 


in patients with anterior infarction and in a subset of 
patients with inferior infarction even in the absence of 
clinically detectabie complications. Severe depression 
of the ejection fraetion is associated with substantial 
hospital morbidity and mortality, and it is possible that 
in some instances the reduced ejection fraction may 
partly be due to reversible but persisting ischemia that 
may be amenable to therapeutic interventions. The 
prognostic significance of a depressed ejection fraction 
early in the course of acute myocardial infarction should 
be confirmed in a larger series of patients with anterior 
and inferior infarction. With such confirmation, our 
data may be of potential value in the noninvasive de- 
tection of high risk subsets of patients for controlled 
clinical trials designed to decrease mortality in acute 
infarction by reducing associated myocardial ischemia 
or limiting infarct size. 


Acknowledgment 


We gratefully acknowledge the technical assistance of Au- 
tumn Anderson, Debbie Drake, Frank Shellock and Dale 
Matsuoka and the editorial help of Terry Collett. The 
thoughtful comments of C. Thomas Peter, MD are also ac- 
knowledged. 


References 


= 1, Lown B, Vassaux C, Hood WB, Fakhro AM, Kaplinsky E, Roberge 
: G. Unresolved problems in coronary care. Am J Cardiol 1967: 
20:494--508. 

2. Julian DG, Valentine PA, Muller GG. Disturbances of rate, rhythm, 
and conduction in acute myocardial infarction. Am J Med 1964; 
37:915-21. 

3. Schaffer WA, Cobb LA. Recurrent ventricular fibrillation and modes 
of death in survivors of out-of-hospital ventricular fibrillation. N Engl 
J Med 1975; 293:259-62. 

4. Lie Ki, Wellens HJ, Van Capelle FJ, Durren D. Lidocaine in the 
prevention of primary ventricular fibrillation. N Engl J Med 1974: 
291:1324-6. i 

. Page DL, Caulfield JB, Kastor JA, De Sanctis RW, Sanders CA. 
Myocardial changes associated with cardiogenic shock. N Engl 
J Med 1971; 285:133-7. 

6. Sobel BE, Bresnahan GF, Shell WE, Yoder RD. Estimation of in- 
farct size and its relation to prognosis. Circulation 1972: 46: 
640-8. 

7. Weber KT, Ratshin RA, Janicki JS, Rackley CE, Russell RP. Left 
ventricular dysfunction following acute myocardial infarction. Am 

: JMed 1973; 54:697-705. 

8. Ratshin RA, Rackley CE, Russell RO. Hemodynamic evaluation 
of left ventricular function in shock following acute myocardial 
infarction. Circulation 1972; 45: 127-39. 

9. Swan HJC, Forrester JS, Diamond GA, Chatterjee K, Parmiey 
WW. Hemodynamic spectrum of myocardial infarction and car- 
diogenic. shock. A conceptual model. Circulation 1972; 45: 
1997-410. 

10. Steele P, Kirch D, LaFree M, Battock D. Measurement of right and 

: left ventricular ejection fractions. by radionuclide angiography in 
coronary artery disease. Chest. 1976: 70:51-6. 

11. Van Dyke-D, Anger HO, Sullivan RW, Vetter WR, Yano Y, Parker 
HG. Cardiac evaluation from radioisotope dynamics. J Nuc! Med 

1872; 13:585-92.) 

12: Marshall RC, Berger. HJ, Costin JC, et al. Assessment of cardiac 
performance with quantitative radionuclide angiography: segmental 
lefi ventricular ejection fraction. normalized left ventricular ejection 
rate and regional wall motion. Circulation 1977; 56:820-9. 


an 


13. Eckelman W, Richards P, Hauser W, Atkins H. Technetium la- 
belled red blood cells. J Nucl Mad 1971; 12:577-8. 

14. Maddahi J, Berman DS, Silverberg R, et al. Validation of a two- 
minute technique for multiple gated scintigraphic assessment of 
left ventricular ejection fraction and regional wall motion (atstr). 
J Nucl Med 1978; 19:6389. 

15. Lipman BS, Massie F. Myocardial infarction, injury, ischemia. In: 
Clinical Scalar Electrocardiography. 5th ed. Chicago: Year Book 
Medical Publishers, 1965; 251-5. 

16. Hicks CR. Single factor experiments with no restrictions on ran- 
domization. in: Hicks CR, ed. Fundamental Concepts in the Design 
of Experiments. New York: Rinehart & Winston, 1973; 35-7. 

17. Jaffe CC, Ellis K. Angiographic quantitication of ventricular volume, 
shape, and mass. Curr Probl Radiol 1974; 4:3-55. 

18. Schelbert HR, Henning H, Ashburn WL, Verba JW, Karliner JS, 
O’Rourke RA. Serial measurement of left ventricular ejection 
fraction by radionuclide angiography early and late after acute 
myocardial infarction. Am J Cardiol 7976; 38:407-15. 

19. Rigo P, Murray M, Strauss HW, et al. Left ventricular function in 
acute myocardial infarction evaluated by gated scintigraphy. Cir- 
culation 1974; 50:678--84. 

20, Reduto LA, Berger HJ, Cohen LS, Gottschalk A, Zaret BL. Se- 
quential radionuclide assessment of left and right ventricular 
performance after acute transmural myocardial infarction. Ann 
intern Med 1978: 89:44 1-7. 

21. Kostuk WJ, Ehsani AA, Karliner JS, et al. Left ventricular per- 
formance after myocardial infarction assessed by radioisotope 
angiocardiography. Circulation 1973; 47:242-9. 

22. Russell RO Jr, Hunt D, Rackley CE. Left ventricular hemodynamics 
in anterior and inferior myocardial infarction. Am J Cardiol 1973; 
32:8-16. 

23. Shah PK, Maddahi J, Berman DS, et al. Scintigraphic correlate 
of precordial ST segment depression in acute inferior myocardial 
infarction: identification of a high risk subject (abstr). Clin Res 1973; 
26:217A. 

24. Maroko PR, Braunwald E. Modification: of myocardial infarct size 
after coronary occlusion. Ann Intern Med 1973; 79:720-33. 


546 March 1980 The American Journal of CARDIOLOGY Volume 45 


a Serial Ambulatory Electrocardiography and Treadmill Exercise 
_ Testing After Uncomplicated Myocardial Infarction 


ROBERT F. DeBUSK, MD, FACC 


DENNIS M. DAVIDSON, MD 


- “NANCY HOUSTON, RN 
- JOHN FITZGERALD, MD 


: = Stanford, California 


From the Departmert of Medicine, Cardiology 
Division, Stanford University School of Medicine, 
Stanford, California. This study was supported by 
Grant HL 18907 from the National Heart, Lung, and 
Blood Institute, National Institutes of Health, Be- 
thesda, Maryland. Manuscript received August 7, 
1979: revised manuscript received October 8, 
1979, accepted October 10, 1979. 

Address for reprints: Robert F. DeBusk, MD, 
< Cardiac Rehabilitation Program, 730 Welch Road, 
Palo Alto, California 94304. 


To compare the diagnostic and prognostic utility of ambulatory electro-. 
cardiography and treadmill exercise testing after clinically uncomplicated | 
myocardial infarction, 90 men (mean age 52 years) were evaluated 3 
weeks after the acute event and a variable number were evaluated 11, 
26 and 52 weeks after the acute event. The prevalence of “any” pre- : 
mature ventricular complex and of “complex” ventricular ectopic activity _ 
was greater with ambulatory electrocardiography than with treadmill | 
testing (78 versus 49 percent; p <0.01 and 42 versus 27 percent; p- 
<0.05), respectively. Whereas the prevalence of any premature ven- 
tricular complex on treadmill testing was stable only at 11 weeks and 
thereafter, the prevalence of any premature ventricular complex. on” 
ambulatory electrocardiography was stable throughout the year. The peak 
frequency of premature ventricular complexes recorded with either 
method did not change significantly after the 3rd week. Ischemic S-T 
segment depression of 0.2 mV or greater or a peak work load of less than 
4 multiples of resting energy expenditure on the 3 week treadmill test was 
significantly (p <0.05) associated with coronary events within 24 months. : 
In contrast, premature ventricular complexes recorded during treadmill | 
testing or ambulatory electrocardiography at any time were not predictive 
of subsequent coronary events. in patients without clinical heart failure 
treadmill testing soon after myocardial infarction may yield prognostic 
information net available with ambulatory electrocardiography. 





Complex ventricular ectopic activity recorded 2to 3 weeks after acute 
myocardial infarction is associated with an increased rate of subsequent. 
coronary events.!-? Because ambulatory electrocardiography poses no 
risks to the patient, most clinicians have utilized this method to record. 
ventricular ectopic activity soon after: myocardial infarction. Mor ree 
cently, treadmill exercise testing has been found to elicit prognostically: 
important ventricular ectopic activity in selected patients soon after 
infarction.+ë Because of the potential risks of exercise testing early after 
infarction, this method has generally been withheld from patients with 
clinically significant left. ventricular dysfunction. This selection factor 
affects the relation previously noted between ventricular ectopic activity 
recorded with ambulatory electrocardiography and exercise testing? 
Moreover, characteristics of the study population, especially the extent 
of left ventricular dysfunction, greatly influence the prognostic signifi- 
cance of ventricular ectopic activity recorded soon after infarction? = 

We performed serial ambulatory electrocardiography and treadmill 
exercise testing in patients without clinically significant left ventricular 
dysfunction 3 “weeks after myocardial infarction. Our objectives were 
(1) to determine the optimal timing and frequency of ambulatory elec- 
trocardiograms or treadmill exercise tests required for the diagnosis of 
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ventricular ectopic activity in the year after clinically 


-< uncomplicated infarction, (2) to compare the detection 


> rate of ventricular ectopic activity with serial ambula- 
tory electrocardiography and serial treadmill exercise 
testing, and (3) to contrast the prognostic value of pre- 
mature ventricular activity recorded with either tech- 
-nique with selected clinical and exercise test charac- 
< teristics. 


Methods 


Ninety consecutive men aged 70 years or less who had been 


-e treated for acute myocardial infarction at the Stanford 


“Medical Center between January 1974 and April 1976 were 

Selected for study. Their mean age (+ standard deviation) was 
92 +7 years. These 90 patients demonstrated none of the 
_. following characteristics 3 weeks after hospital admission: (1) 
-< angina at rest or unstable angina, (2) clinically significant left 
ventricular dysfunction manifested as breathlessness, edema, 


-pulmonary rales or a ventricular gallop sound, (3) associated 


= medical conditions such as significant valvular heart disease, 
-blood pressure greater than 180/110 mm Hg or limiting pul- 
monary disease or musculoskeletal abnormalities. Infarction 
~ ¢ was documented by a history of prolonged chest pain and the 
appearance of new Q waves or evolutionary ST-T changes and 
characteristic elevation of serum cardiac enzymes during 
. hospitalization. The clinical characteristics of the patients 
_» studied (Table I) are similar to those of approximately two 
thirds of all men aged 70 or less with myocardial infarction 
_ who are discharged from our institution. 
2 Thirty-four percent of patients took antiarrhythmic med- 
_ © jeation at some point during the study: propranolol in 20 cases 
(average daily dose 80 mg), quinidine in 8 cases (average daily 
dose 800 mg) and procainamide in 3 cases (average daily dose 
<- 1,000 mg). Six patients took a combination of at least two of 
= these drugs. Three patients took digitalis. During the 16 to 24 
hours before exercise testing and ambulatory electrocardi- 
< ography, all medications except digitalis were withheld. Ad- 
“ministration of the medications was restarted after testing. 
Patients did not undergo formal excercise training, modifi- 
“cation of coronary risk factors or psychologic counseling 
during this study. 
_ Treadmill exercise testing: This test was performed be- 
> tween 1:00 and 5:00 p.m. at 3, 11, 26 and 52 weeks after in- 
-. faretion. Before exercise testing, the patients were interviewed 
and examined by a physician and informed consent was ob- 
tained. A physician and a specially trained nurse conducted 
othe tests. Twelve-lead electrocardiograms were recorded at 
-- Test, at the end of each 3 minute stage of exercise and at 1, 3, 


5, 7 and 10 minutes of recovery. In addition, leads V4 to Ve 


TABLE | 
. Clinical Characteristics of Patients 





% of Total 
Patients Group of 
{n} 90 Patients 





"Anterior transmural Mi 23 25 


-inferior transmural MI 58 64 
=- Nontransmural MI 9 10 
== Angina pectoris prior to Mi 14 16 
= Prior M 10 1 

- Cardiomegaly by X-ray.examination in hospital 11 12 
-= Ventricular fibrillation (hospital days- T to 5) 1 1 

-Ventricular tachycardia (hospital days 1 to 5) 24 27 





MI = myocardial infarction. 


were continuously displayed on a three channel oscillescopic 
monitor and were recorded on magnetic tape for 3 minutes 
before exercise and curing the entire period of exercise and 
recovery. Exercise was performed on a motor-driven treadmill 
using protocols described by Naughton et al.!° (Table I). 
Exercise commenced at a work load equivalent to 3 multiples 
cf resting energy expenditure and work loads were added 
every 3 minutes. Tests at 3 weeks were terminated on the 
appearance of any of the following end points: (1) limiting 
symptoms of chest pain, dyspnea, fatigue, leg cramps or diz- 
ziness; (2) exertional hypotension, defined as a decrease in 
systolic blood pressure of 10 mm Hg or more from the peak 
value attained earlier during exercise; (3) ventricular tachy- 
cardia, defined as three or more consecutive premature ven- 
tricular complexes; or (4) a heart rate of 130 beats/min in the 
absence of prior end points. Tests performed at 11 weeks or 
later were symptom-limited, that is, terminated without re- 
spect to maximal heart rate. 

Ventricular premature complexes were characterized by 
the peak frequency per minute occurring at rest or during 
treadmill exercise or during recovery. Premature ventricular 
complexes were also characterized by configuration, that is, 
bigeminy or couplets (two consecutive complexes) or ven- 
tricular tachycardia (three or more consecutive complexes). 
These configurations were termed “complex” independent 
of the frequency of premature ventricular complexes. Multi- 
focal configuration of exercise-induced premature ventricular 
complexes was not classified because of the difficulty of its 
detection at the relatively high heart rates encountered with 
exercise testing and the difficulty in distinguishing such 
complexes from aberrantly conducted complexes of supra- 
ventricular origin. 

Flat or downsleping S-T segments displaced 0.1 mV or 
more below the P-Q baseline measured 0.08 second after the 
J point were defined as “ischemic.” In the presence of resting 
S-T segment depression, an additional 0.1 mV of flat or 
downsloping depression was required for the diagnosis of 
ischemia. 

Ambulatory eleetrocardiography: At the conclusion of 
exercise testing, 12 hour ambulatory electrocardiographic 
recorders were attached. A bipolar MCLs lead was used. Our 
methods for computer-processing of tape-recorded electro- 
cardiograms have previously been described.!!!2 As opposed 
to the frequency of premature ventricular complexes on 
treadmill exercise testing, which was expressed as the peak 
frequency/min, their peak frequency on ambulatory electro- 
cardiography was expressed as the peak frequency/15 min. 
Premature ventricular complexes were also classified by 
configuration, that is, bigeminy, couplets, multifocal or ven- 








TABLE Il 
Treadmill Test Protocol 
Speed Incline Work Load 
(mph) (%) (METs) 
2.0 3.5 3 
2.0 7.6 4 
2.0 10.5 5 
2.0 14.0 6 
2.6 17.6 7 
3.0 12.5 8 
3.0 15.0 9 
3.6 17.5 10 
3.6 20.0 41 
3.0 22.5 12 





METs = multiples of resting energy expenditure. 
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tricular tachycardia. These configurations were termed 
“complex” independent of the frequency of the complexes. 
Follow-up tests and clinical course: On 31 occasions after 
the 3 week evaluation, treadmill tests were performed, but 
ambulatory electrocardiographic recordings were not obtained 
“because equipment was not available. In addition, 17 follow- 
up visits were not made because of coronary events occurring 
after the 3rd week and another 27 visits were not made be- 
cause of scheduling problems. The remaining 285 visits on 
which both ambulatory electrocardiography and treadmill 
exercise testing were carried out form the basis of this study. 
After the lst year, follow-up of patients continued by mail or 
telephone contact with the patient or his private physician 
concerning the occurrence of recurrent infarction, cardiac 
arrest or sudden death. The criteria for recurrent infarction 
-were the same as for initial infarction. Cardiac arrest was de- 
fined as sudden collapse in a patient in whom ventricular fi- 
brillation was demonstrated on electrocardiography imme- 
diately before emergency defibrillation. Sudden death was 
defined as death within 1 hour-in the absence of other con- 
© tributory medical conditions. All patients were followed up 
for 2-years, even those in whom. one or more visits were 
missed. 

Statistical analysis: The reproducibility of premature 
ventricular complexes from one visit to the next was expressed 
by the kappa coefficient. This method considers discrete re- 
sponses for each test, that is, absence as well as presence, and 
expresses reproducibility as a single number ranging from 1.0 
(perfect agreement) te 0.0 (chance agreement). A multiple 
kappa procedure was used to test the reproducibility of re- 
sponses in patients with all four visits. McNemar’s test!4 was 
used to evaluate the significance of a change in prevalence of 
discrete test responses from one visit to the next. Cochran’s 
Q testi was used to evaluate the significance of a change in 
~ »prevalence of discrete responses in patients with all four visits. 

“Differences in the prevalence of discrete responses for 
treadmill testing and ambulatory. electrocardiography were 
tested with chi square metheds. In patients with all four visits, 

analysis of variance was used to compare the frequency of 


TABLE IH 
Variables Evaluated for Prognostic Significance 





Continuous Discrete 





Clinical (during hospitalization) 





Age History of prior MI 
Maximal CK elevation Angina >3 mo prior to MI 
Cardiothoracic ratio on chest ECG localization of MI 
X-ray examination Pulmonary congestion on chest 
X-ray examination 





Treadmill Test (3-weeks after Mi) 


Maximal heart rate (HR} 

Maximal systolic blood 
pressure (SBP) 

Maximal HR X SBP/100 

Maximal work load (METs) 

Magnitude of ischemic S-T 
depression (mV) 

Maximal PVC frequency/min 


Ambulatory ECG (3 weeks after MI 


“Any” PVC 
“Complex” PVC 


CK = creatine kinase; ECG = electrocardiographic, electrocardio- 
gram; METs = multiples of resting energy consumption (estimated), 
Mi = myocardial infarction; PVC = premature ventricular complex. 





Exertional hypotension 
Exertional angina pectoris 
“Any” PVC 

“Complex” PVC 








Maximal PVC frequency/15 min 





premature ventricular complexes between visits. The degree 
of association between complex types of ventricular ectopic. 


activity was expressed by the odds ratio.'® 
Stepwise multiple logistic regression analysis was used. 
to compare the prognostic significance of (1) clinical charac-.. 


teristics, (2) the results of treadmill exercise testing, and (8) : 


characteristics of premature ventricular complexes recorded 
with ambulatory electrocardiography. The analysis quanti- 
tates the association between candidate variables and recur- 
rent coronary events (myocardial infarction, sudden death and 


nonfatal cardiac arrest). These candidate variables are listed . 


in Table III. Analyses were performed using Statistical Pros 
grams for the Social Sciences. Details of the multiple regres- 
sion analysis appear in the Appendix. 


Results 


Prevalence of premature ventricular complexes: — 
The prevalence of any treadmill-induced premature _ 
ventricular complex increased significantly between _ 
3 and 11 weeks after infarction (from 42 to 53 percent; — 


p <0.05) and remained relatively constant thereafter _ 


(Fig. 1). The prevalence of complex treadmill-induced _ 
premature ventricular complexes ranged from 25to31 
percent, without a significant change after the 3 week = 
test. In the 50 patients whose 3 week tests were stopped __ 
by symptoms at a heart rate of 130 beats/min or less, the _ 
mean (+ standard error of the mean) maximal heart rate _ 
was 119 + 11 beats/min, equivalent to 71 percent of _ 
their age-predicted maximal heart rate. In 40 patients- 
the 3 week test was discontinued because of attainment __ 
of the arbitrary target rate of 130 beats/min, equivalent _ 
to 80 percent. of their age-predicted maximal heart rate. 
The prevalence of premature ventricular complexes was 

not significantly different in these two patient groups __ 
at 3 or at 11 weeks. E 

The prevalence of any premature ventricular eom- 
plex recorded with ambulatory electrecardiography — 
ranged from 77 to 83 percent, without significant dif- 


@ ANY PVC 
@ ANY COMPLEX PVC 
4 BIGEMINY 
å COUPLETS 
© VENT. TACHY 
* 


+ p<0.05 vs 3 WK 


PREVALENCE (%) 





3WK 11 WK 6 MO 


12M0 
in = 90) in = 80) in = 63) 


(n= 52) 
TIME AFTER MI : 
FIGURE 1. Prevalence of treadmill-induced premature ventricular — 


complexes (PVC). MI = myocardial infarction; VENT. TACHY = ven- L 
tricular tachycardia. ; 
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®@ ANY PVC 
B ANY COMPLEX PVC 
O MULTIFOCAL 


A BIGEMINY 
A COUPLETS 
© VENT. TACHY 


PREVALENCE (%) 





{n = 63) 


ae TIME AFTER Mi 
_ FIGURE 2. Prevalence of premature ventricular complexes (PVC) re- 


-< corded on ambulatory electrocarciograms. Ml = myocardial infarction: 


-| VENT. TACHY = ventricular tachycardia. 


ferences between the 3 week and later tests (Fig. 2). The 
prevalence of complex premature ventricular complexes 
_ recorded with ambulatory electrocardiography ranged 
. from 33 percent at 3 weeks to 53 percent at 11 weeks; 
this change was not statistically significant. The mean 
_ heart rate during the 12 hours of ambulatory electro- 
-eardiography was similar for visits at 3, 11, 26 and 52 
= weeks: 77 + 11,79 + 10,81 + 17 and 79 + 11 beats/min, 
<- respectively. 


TABLE V 


< Relation Between the Presence and Frequency of Premature Ventricular Complexes on Paired Consecutive Tests* 


TABLE IV 


Degree of Association Among Complex Premature 
Ventricular Complexes on Ambulatory Electrocardiography 














Couplets VT Multiform 
Bigeminy 7.1* 11 5.37 
Couplets 2.3 6.8" 
VT 2.2° 





* p <0.001. 

Values represent odds ratios, or the relative likelihood of observing 
a second complex configuration if one is present. 

PVC = premature ventricular complex; VT = ventricular tachycardia. 


Associations. between complex premature ventric- 
ular complexes recorded with ambulatory electrocar- 
diography are depicted in Table IV. Bigeminy. couplets 
and multiform premature ventricular complexes were 
highly associated with one another but not with ven- 
tricular tachycardia. Bigeminy and couplets were also 
highly associated on treadmill testing (p <0.001). The 
two patients with exercise-induced ventricular tachy- 
cardia demonstrated couplets on the same test. In an 
additional 22 tests, couplets were noted in the absence 
of ventricular tachycardia. 

Neither the prevalence nor the frequency of prema- 
ture ventricular complexes was significantly different 
in the 17 percent of tests preceded by antiarrhythmic 
therapy than in the. 83 percent of tests in which no 
antiarrhythmic therapy had been given. l 

Frequency of premature ventricular contrac- 
tions: The peak frequency of premature ventricular 
contractions per minute on treadmill tests and per 15 
minutes in ambulatory electrocardiograms did not 
change significantly during the year after infarction. 
The peak frequency of treadmill-induced premature 
ventricular complexes ranged from 6 + 2 to 1C + 2 
beats/min and the peak frequency of such complexes 
recorded in-ambulatory electrocardiograms ranged from 
25 + 15 to 45 + 15/15 min. 
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Responses n 3 Wk 11 Wk 11Wk o 6 Mo n 6 Mo 12 Mo 
A. Armbulatory Monitoring Averaged Peak Frequescy + SD of PVC’s for Each Pair of Tests 
o PVC on both tests 53 33 + 78 39 + 80 34 56 + 106 30+ 50 27 33 + 55 45 + 138 
oc PVG on-Ist test only t1 628 8 12 548 8 5 14421 0 
= PVC. an 2nd test only 6 0 342 0 342 5 0 10 
-PVC on neither test 7 0 0 0 o 5 0 6 
BS 3 B. Treadmill Testing: Averaged Peak Frequency + SD of PVC's for Each Pair of Tests 
2 PVC on both tests 22 9.5 + 10.4 8.1 + 11.4 29 8.3 + 10.3 6.9 + 13.6 21 944155 8948.4 
_ PVC ondsttestonly 12 6947.5 0 12 3844.1 d 11 1641.5 C 
=- PVC-on 2nd test-oniy 25 0 5.8 +57 0 2.9426 12 o 23 15 
0 9 19 9 ç 


< PVC on neither test 26 0 6 21 





; * Sample interpretation: A total of 77 patients had ambulatory electrocardiograms at both 3.and 11 weeks. Of these, 53 demonstrated premature 
_ ventricular complexes on both visits, with a frequency of 33 + 78 and 39 + 86, respectively. In contrast, the frequency of premature compiexes 
“was only 6 + 8 inthe 11 patients with such complexes at 3 weeks only and 3 + 2 in the 6 patients with such complexes at 11 weeks only. Seven 


patients had premature ventricular complexes on neither occasion. 


PVC = premature ventricular complexes; SD = standard deviation. 
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_ Prevalence versus frequency of premature ven- 
tricular complexes: The prevalence of complex 
‘treadmill-induced ventricular ectopic activity and the 
prevalence of complex ventricular ectopic activity re- 
corded with ambulatory electrocardiography were 
highly correlated (p < 0.001). Patients with frequent 
premature ventricular complexes recorded with either 
technique were likely to demonstrate ventricular ectopic 
activity on both of two consecutive paired tests. In 
--eontrast, patients with a low frequency of premature 
“ventricular complexes often had no consistent response 
from test to test (Table V). 
Overall prevalence of premature ventricular 
“contractions: treadmill testing versus ambulatory 
electrocardiography (Fig. 3): Within the total of 285 
visits, any premature ventricular complex was signifi- 
cantly more common with ambulatory electrocardiog- 
raphy than with treadmill testing (85 versus 50 percent; 
p <0.01). Similarly, the overall prevalence of complex 
-ventricular ectopic activity was significantly higher with 
ambulatory electrocardiography than with treadmill 
testing (42 versus 27 percent; p <0.01). The frequency 
-_ of premature ventricular contractions on treadmill tests 
and in ambulatory electrocardiograms was significantly 
(p <0.001) correlated on each of the four visits (r = 
0.401, 0.334, 0.587 and 0.554, respectively). 


Reproducibility of premature ventricular con- 


< tractions: The reproducibility of ventricular ectopic 
‘activity (presence versus absence) was significantly 
above the chance level for any treadmill-induced pre- 
mature ventricular complex and for complex tread- 
mill-induced ventricular ectopic activity (multiple 
kappa 0.174 [p <0.001] and 0.191 [p <0.01], respec- 
tively). The reproducibility of premature ventricular 
complexes recorded in ambulatory electrocardiograms 
was significantly above the chance level for any pre- 
mature ventricular complex and for complex ventricular 
-ectopic activity (multiple kappa 0.184 [p <0.05] and 
0.212 [p <0.001], respectively). 


Bp av-t- 
ANATM— 
Z am-tms 
AM+TM+: 


PERCENT OF TESTS 





BIGEMINY 


ANY. MAT, 


COMPLEX COUPLETS 


FIGURE 3. Treadmill (TM) testing versus ambulatory {AM} monitoring. : cee 


AM- TM— = no-premature ventricular complex with either method; 
AM+ TM- = 


plexes with treadmill exercise only; AM+ TM+ = premature ventricular 
complexes with both methods. V.T. = ventricular tachycardia. 


Relation between ventricular ectopic activity 
and ischemic S-T segment depression: The preva- 
lence of any treadmill-induced premature ventricular 
complex and of complex ventricular ectopic activity was. 
slightly but not significantly greater in tests with isch- 
emic than in those with nonischemic results. Ischemic 
S-T segment depression was present on the treadmill 
tests of the two patients with exercise-induced ven- 
tricular tachycardia. 

















TABLE Vi 
Frequency and Configuration of Premature Ventricular Complexes in Patients With Subsequent Coronary Events* 
3 Wk 11 Wk 6 Mo 1¥r 
Event Time after MI ™ AM ™ AM ™ AM TM AM 

VF (nonfatal) 4 wk o 1S t j t t t t 
ScD 7 wk 0 0 t : t t ii t 
AMI ifatal) 7 wk 2S 1S t j t ` f i 
AMI 12 wk 0 0 6S o 7 l J t 
AMI 13 wk 0 1S 0 0 t t t t 
AMI 7 mo 0 2C 0 1S 6S 25 i t 
sco 8 mo ct) 78C $ F 3C 8c t t 
AMI 9 mo 0 7C 6S 0 1S 25 t t 
AMI +0 mo 3S 200 $ ł is 120 u t 
AMI 18 mo 15 300C 28 13C 9 8C t ł 
AMI 22 mo 50 4S 2s 150 0 6c 0 55 











* The frequency of premature ventricular complexes (PVCs) is represented by numbers followed By configuration (simple [S] or complex 


No visit due to event. 
+ Missed visit. 


AM = ambulatory peerless csi AMI = acute myocardial infarction; complex (C} = bigeminy, couplets or ventricular tachycardia (AM or 


TM) or multiform (AM only}; SCD = sudden cardiac death: simple (S) = no compiex configurations; TM = 
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premature ventricular. complexes with ambulatory : ae 
electrocardiography only; AM— TM+ = premature ventricular come ooo 
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The prevalence of any premature ventricular com- 
plexes and of complex ventricular ectopic activity in 
ambulatory electrocardiograms was slightly but not 
significantly greater in patients with treadmill-induced 
ischemic S-T segment depression on the same visit than 
in those without ischemia. Ventricular tachycardia was 
recorded in one ambulatory electrocardiogram in each 
of four patients, none of whom demonstrated tread- 
mill-induced S-T segment depression. 

Follow-up: Eleven patients experienced a recurrent 
coronary event within 24 months after infarction (Table 
VI). Recurrent events were not significantly more 
common in patients with treadmill-induced premature 
ventricular complexes 3 weeks after infarction than in 
these without treadmill-induced ventricular ectopic 
activity (11 percent [4 of 35] versus 13 percent [7 of 55] 
» for any premature ventricular complex and 9 percent 


< {2 of 22] versus 13 percent [9 of 68] for complex ventric- 


ular ectopic activity). Similarly, recurrent events were 
not significantly more common in patients with pre- 
mature ventricular contractions in ambulatory elec- 
troeardiograms 3 weeks after infarction than in those 
-without ventricular ectopic activity (13 percent [9 of 72] 
-versus 11 percent [2 of 18] for any premature ventricular 


complex and 12 percent [4 of 33] versus 12 percent [7 of 
<; 57] for complex ventricular ectopic activity). 


Of the variables evaluated for prognostic significance 
with the stepwise multiple logistic regression program, 
exercise-induced S-T segment depression of 0.2 mV or 
greater was the most valuable single variable. Four of 
15 patients (27 percent) with this characteristic at 3 
~ weeks had a subsequent coronary event, compared with 
7 of 75 (9 percent) with S-T segment depression of less 
than 0.2 mV (p <0.05}). Three patients had a fatal or 
near fatal coronary event between 3 and 11 weeks after 
infarction. None of these patients had complex ven- 
tricular ectopic activity with either recording method, 
whereas all had treadmill-induced ischemic S-T seg- 
ment depression of 0.2 mV or greater at 3 weeks. 

. A low peak treadmill work load was the next most 
valuable variable. In patients with S-T segment de- 
=: pression of less than 0.2 mV, 2 of 7 patients (28 percent) 
-with a peak work load of less than 4 multiples of esti- 
mated resting energy expenditure at 3 weeks had a 
subsequent coronary event compared with 11 of 68 pa- 
tients (16 percent) with a higher peak work load (p 
<0.05). Thus, at 3 weeks, 6 of 11 patients (54 percent) 
with a subsequent corenary event had S-T depression 
of 0.2 mV or greater or a peak treadmill work load of less 
¿than 4 multiples of resting energy expenditure, or both, 


S compared with 22 of 79 patients (28 percent) with these 


findings who did not have a coronary event. None of the 
remaining clinical, treadmill test or ambulatory elec- 
trocardiographic characteristics at 3 weeks, including 
“any” and “complex” classes of ventricular ectopic ac- 
tivity, were significantly associated with subsequent 
coronary events. 

At 11 weeks and thereafter, neither ambulatory 
electrocardiographic nor treadmill test characteristics 
including ischemic S-T segment depression of 0.2 mV 
or greater were significantly associated with subsequent 
eoronary events. 


Discussion 


Optimal timing and frequency of ambulatory 
monitoring for the diagnosis of ventricular ectopic 
activity after infarction: These guidelines have not 
been established. Moss et al.18 noted an increase in the 
frequency and complexity of premature ventricular 
complexes in ambulatory electrocardiograms 4 to 5 
months after hospital discharge compared with those 
in recordings made at the time of hospital discharge. In 
the study of Kotler et al.!9 the rate of detection of pa- 
tients with premature ventricular complexes increased 
from 43 to 68 when the number of ambulatory electro- 
cardiograms increased from 1 to 2.5 over a period of 36 
months. The configuration and frequency of ventricular 
ectopic activity were not considered separate features 
in their study and the diagnostic contribution of each 
test was not evaluated relative to the others. The im- 
plication of these studies is that multiple tests are re- 
quired for the diagnosis of ventricular ectopic activity. 
Our study showed no significant change in the preva- 
lence, frequency er configuration of premature ven- 
tricular complexes recorded in ambulatory electrocar- 
diograms in the year after uncomplicated infarction. 
There was therefore ne apparent diagnostic advantage 
in performing additional ambulatory monitoring after 
the 3rd week. 

Optimal timing and frequency of treadmill ex- 
ercise tests to detect ventricular premature com- 
plexes after infarction: These guidelines, too, are not 
well established. Granath et al.4 noted an increased rate 
of subsequent cardiac events in patients with exercise- 
induced ventricular ectopic aetivity 3 and 9 weeks after 
infarction, but they provided no data regarding the 
frequency or configuration of premature ventricular 
complexes and did not compare the diagnostic and 
prognostic utility of the two tests. In our present study, 
as in our prior experience,” the proportion of patients 
with treadmill-induced premature ventricular com- 
plexes increased significantly between 3 and 11 weeks 
after infarction but not thereafter. However, the mean 
frequency of treadmill-induced premature ventricular 
complexes did not change significantly between 3 and 
11 weeks. Continueus measures of ventricular ectopic 
activity such as the frequency of premature ventricular 
complexes are superior to discrete measures such as the 
proportion of patients with premature complexes in 
characterizing the reproducibility of ventricular ectopic 
activity.” We?! have previously reported good repro- 
cucibility for the detection of exercise-induced ven- 
tricular ectopic activity in individual patients between 
3 and 11 weeks after clinically uncomplicated infarction. 
Even better reproducibility was found for tests per- 
formed between 11 weeks and 6 months or later after 
infarction.” 

Like other workers!8?? who have used ambulatory 
electrocardiography, we found a close association be- 
tween various categories of complex ventricular ectopic 
activity and a close relation between the frequency and 
complexity of ventricular ectopic activity. Our study 
documents similar relations for premature ventricular 
complexes detected with treadmill exercise testing. We 
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- also found a good correlation between the frequency of 
premature ventricular complexes detected with am- 
bulatory monitoring and with treadmill exercise testing. 
This association was not examined in previous studies 
in which frequency and configuration of premature 
ventricular complexes were combined into a scoring 
-system rather than being considered separately. 

Comparison of sensitivity of ambulatory elec- 
trocardiography and treadmill testing: As others’ 
have reported, we found ambulatory monitoring more 
sensitive than treadmill exercise testing in the diagnosis 
of ventricular ectopic activity. This was true for each of 
the four occasions on which these two modes of re- 
cording were compared. Ryan et al.® suggested that 
ambulatory monitoring and treadmill exercise might 
_ disclose different information regarding the electro- 
. physiologic state of the myocardium. Our data support 

this view: There was no overlap between the two 

methods in the diagnosis of ventricular tachycardia in 

our patients. Moreover, ischemic S-T segment depres- 

sion was present in both patients with treadmill-in- 

duced ventricular tachycardia whereas none of the four 

patients with ventricular tachycardia on ambulatory 
< electrocardiography demonstrated treadmill-induced 
ischemic S-T segment depression. Whether both 
methods of recording should be employed to assure 
detection of ventricular tachycardia or other “malig- 
nant” forms of ventricular ectopic activity depends on 
the lethal potential of such arrhythmias within a spec- 
ified population. Studies by Anderson et al.?° and by 
Bigger et al.? have demonstrated that the prognosis of 
patients manifesting ventricular tachycardia on am- 
bulatory electrocardiography at the time of hospital 
discharge after infarction isnot significantly worse than 
that of patients without this arrhythmia. 

Prognostic value of premature ventricular 
complexes detected with ambulatory monitoring 
and treadmill testing: The choice of ambulatory 
monitoring or treadmill exercise testing for the diagnosis 
of ventricular ectopic activity depends not only on the 
potential of each technique to reveal premature ven- 
tricular complexes but also on the prognostic signifi- 
cance of ventricular ectopic activity within a specified 
population. In our population of patients free of clini- 
cally significant left ventricular dysfunction, the greater 
diagnostic sensitivity of ambulatory monitoring was not 
translated into a greater prognostic utility compared to 
treadmill testing. In fact, neither technique of recording 
ventricular ectopic activity had prognostic utility within 
this population. 

Our results concerning the prognostic significance of 
ventricular ectopic activity are consistent with the data 
of Schulze et al.2 They found that premature ventricular 
complexes recorded in ambulatory electrocardiograms 
at hospital discharge after infarction were associated 
with sudden death in the next 6 months only in patients 
with coexistent left ventricular dysfunction (that is, an 
ejection fraction of less than 0.4), No deaths occurred 
in patients with complex ventricular ectopic activity and 
an ejection fraction of less than 0.4. Like Schulze et al., 
we found ventricular ectopic activity recorded on am- 
bulatory electrocardiography to have little prognostic 
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significance in patients free of clinically significant left 
ventricular dysfunction. By contrast, in most studies 
that have shown an association between ventricular 
ectopic activity on ambulatory electrocardiography and 
subsequent coronary events, clinical heart failure has- 
been present in approximately 20 to 50 percent of 
cases. !,9.22 

Prognosis of ventricular ectopic activity versus 


exercise-induced ischemia: In patients without ~~ 


clinically significant left ventricular dysfunction, pre- 


mature ventricular complexes do not appear to be the. : 


most prognostically relevant abnormality: we found 
exercise-induced ischemic S-T segment depression of 
0.2 mV or greater or a low peak work load to have 
prognostic significance whereas exercise-induced pre- 
mature ventricular complexes.did not. This study ex- 
tends our previous finding** that exercise-induced 


ischemia on serial testing between 3 and 11 weeks after =~ 


infarction was associated with subsequent cardiac 


events whereas exercise-induced ventricular ectopic 


activity was not. We have confirmed the prognostic 
usefulness of exercise-induced ischemic S-T segment 
depression and low peak treadmill work load with life 
table methods in an additional 105 men who were fol- 


lowed up without ambulatory electrocardiographic a 
monitoring 1 to 30 months after uncomplicated myo- 


cardial infarction.!? Thus, ambulatory monitoring and 
treadmill exercise testing should not be considered as 
merely redundant techniques for detecting ventricular 
ectopic activity; subsequent coronary events may be 
more strongly reflected by other treadmill variables 
than by ventricular ectopic activity. Further experience. 
is needed to establish the relative prognostic value of 
ambulatory electrocardiography and treadmill exercise 
testing after myocardial infarction. = 
Other clinical implications: Ambulatory moni > 
toring and. treadmill exercise testing may find their 
optimal application in different patient subsets. In 
patients with clinical heart failure, ambulatory moni- 
toring appears the better technique because of its 
greater safety and proved efficacy in the detection of 
prognostically important ventricular ectopic activity. 


In. patients without clinical heart failure, treadmill -= 


testing may be the better technique: In these patients 
exercise-induced premature ventricular complexes 


appear to be of lesser prognostic significance than ex- a 


ercise-induced S-T segment depression: The prognostic 


importance of S-T segment depression detected by 


ambulatory monitoring remains to be established in 
patients in the postinfarction period. Finally, our results 
indicate that exercise testing performed as soon as 3 
weeks after clinically uncomplicated infarction yields 
prognostic information not available from exercise 
testing performed at a later phase of convalescence such 
as 11 weeks and thereafter. 


APPENDIX 


Details of Stepwise Multiple Logistic 
Regression Analysis 
First, the association between candidate variables and clinical. -4 
events is expressed by univariate correlation coefficients... 
Next, the variable with the highest univariate correlation ~~. 
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coefficient is selected as the “most valuable variable.” The 
event rate for patients with this characteristic is compared 
with the event rate of those without the characteristic using 
a chi square test. If the chi square is significant, the process 
continues. The most valuable variable is combined with each 
of the remaining variables, one at a time, and a correlation 
= with events is obtained for each pair of variables. Again, the 
< variable with the highest correlation coefficient when com- 
bined with the previously selected variables is designated 
“next most valuable.” The event rate for patients with this 
= combination of selected variables is then compared with the 
“event rate for those without these characteristics, using the 
chi square technique. If the increase in chi square is signifi- 
cantly greater than that calculated on the previous iteration, 
the most recently chosen variable enters the pool of “valuable 
variables.” The process is then repeated for the remaining 
<- variables. When the most recently selected variable no longer 
- yields a significant increase in the chi square statistic, this 
< variable is excluded from further consideration and the pro- 
-ees stops. 
Frequently, the variables that unilaterally are highly as- 
- sociated with outcome are not selected because the informa- 


tion they contain is better expressed by other previously se- 
lected variables. Thus, the value of a given variable represents 
not only its univariate correlation with events but also its in- 
dependence from other previously selected variables. This 
process results in a combination of variables which is signifi- 
cantly related to clinical outcome. 

Each variable x; is assigned a coefficient 6; which expresses 
its relative prognostic utility. Each variable and its coefficient 
then enters an exponential equation which expresses the 
probability of an event within s given time: 


1 
1 + e—lalphat S betapa) 





Probability = 


A constant, alpha, completes the equation. 
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ischemic right ventricular dysfunction was diagnosed in 54 patients with | 
acute myocardial infarction who had a right atrial pressure dispropor- 
tionately increased in relation to the pulmonary capillary pressure. The 


right atrial pressure curve in 40 patients (74 percent) was M- or W-shaped, 
termed a noncompliant pattern, and was similar to the pattern found in 
constrictive pericarditis. Kussmaul’s sign was found in the patients whose —__ 


respiration was recorded. This pattern, which represents poor right ven- 
tricular compliance, was severe in 30 cases (y descent > x descent) and 


slight in 10 cases (y descent = x descent). Its duration was variable, | i 


ranging from days to years. a 
Of the 54 patients, 32 (59 percent) had a low output syndrome, diag- : 


nosed in the presence of a cardiac index of less than 2.2 liters/min per - a 


mê, with signs of poor tissue perfusion. The severe noncompliant pattern 
was significantly related to the presence of a low output syndrome (p _ 
<0.01) and mortality from this cause (p <0.05). The jugular venous tracing 
pulse had a pattern similar to that ofthe right atrial pressure recording 
and therefore may be valuable in the noninvasive diagnosis of right ven- 
tricular dysfunction and in the study of the evolution of the noncompliant 
pattern and, hence, of ventricular compliance... ; 


The appropriate diagnosis and treatment of right ventricular dysfunction 


secondary to right ventricular infarction has changed the prognosis of 


an important group. of patients with acute myocardial infarction.’ 
Usually these patients have posterior wall necrosis of both ventricles,>* 
although the term right ventricular infarction is commonly used. 


During the last few years, the clinical, hemodynamic and anatomic af 


features of right ventricular infarction have been described.” Its. 


principal hemodynamic characteristic is a right atrial pressure dispro-.__ 


portionately increased in relation to left ventricular filling pressure! 
Some investigators“? have also reported the presence of a poor pattern _ 
of right ventricular compliance with a pressure wave form in the right 


heart chambers similar to that observed in constrictive pericarditis and _ 


restrictive cardiomyopathy. This report examines the presentation of. 
the noncompliant pattern in ischemic right ventricular dysfunction, its 
relation to the patient’s prognosis and the possibility of its diagnosis by 
means of a simple noninvasive procedure. 


Methods 


Patients: Westudied 54 patients with acute myocardial infarction and right... 
ventricular dysfunction. All 54 were admitted to the coronary care unit between. 
August 1977 and April 1979 within the first 24 hours of an inferior or posterior o 
infarction. Fifty were men and four women; their age ranged from 35 to 92 years. 
(mean 63). cS 

Hemodynamic measurements: Right hemodynamic monitoring was per =o 
formed in every patient for a period of 1 to 6 days. A Swan-Ganz thermodilution | 
catheter was inserted into the pulmonary artery through the right antecubital > 
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- TABLE I 


Pressures of 54 Patients With Ischemic Right Ventricular 
“Dysfunction 








Case RAP PCP Case RAP PCP 
1 1 9 28 13 13 
2 14 14 29 14 15 
3 15 15 30 15 15 
4 12 13 31 15 15 
5 13 13 32 15 15 
6 13 14 33 13 17 
7 13 15 34 15 15 
8 15 15 35 12 42 
9 15 16 36 12 12 

10 20 20 37 15 16 
74 12 13 38 12 13 
12 13 13 39 25 30 
13 15 15 40 12 14 
14 12 13 41 15 15 
15 13 16 42 15 13 
16 14 14 43 13 17 
47 15 15 44 13 14 
18 14 15 45 15 15 
19 15 15 46 15 16 
20 13 13 47 15 15 
21 15 15 48 12 15 
22 15 15 49 15 16 
23 15 15 50 15 11 
24 13 15 51 42 15 
25 13 13 52 20 20 
26 18 18 53 15 20 
27 16 18 54 15 14 





PCP = mean pulmonary capillary pressure (mm Hg); RAP = mean 
right atrial pressure (mm Hg). 


vein. Right atrial, pulmonary artery and pulmonary capillary 
-wedge pressures were recorded with a Hewlett-Packard model 
1280 transducer and a Siemens Elema Mingograph, model 34. 
Whenever possible, right ventricular pressure was measured 


on withdrawal of the catheter. 


Cardiac output was determined with the thermodilution 
technique, using an Edwards model 9500 computer. In every 
case, at least three successive determinations were made, and 
the average value was calculated. Cardiac index (CI) was 
©- calculated in liters/min per m? according to the formula CI = 
CO/BSA, where CO is cardiac output in liters/min and BSA 
is body surface area in square meters. 

In every patient, the jugular venous pulse was recorded with 
an Electronic for Medicine Echo IV. In 15 patients, respiration 
was recorded simultaneously with the right atrial pressure 
with use of a Bouck-Brech receiver. 

Nomenclature and diagnostic criteria: The diagnosis 
of ischemic right ventricular dysfunction was made when the 
level of right atrial pressure was high (greater than 10 mm Hg), 
with a disproportionate increase in relation to pulmonary 








capillary pressure, in basal conditions or after volume over- 
loading. This test was performed by quick intravenous infu- 
sion of dextran-40 until right atrial pressure was greater than 
10 mm Hg. The increase in right atrial pressure was considered 
disproportionate when it was equal to, exceeded or was slightly 
(1 to 5 mm Hg) lower than the level of pulmonary capillary 
pressure. Patients with a pressure gradient between the pul- 
monary arterial diastolic pressure and pulmonary capillary 
pressure were not included in the study. 

The term “noncompliant pattern” was used when right 
atrial pressure showed an M- or W-wave form resembling that 
of constrictive pericarditis or restrictive cardiomyopathy. 
Noncompliance was considered severe or mild, respectively, 
when the y descent was deeper than or equal to the x de- 
scent. 

Low output syndrome was defined?® as a cardiac index 
below 2.2.liters/min per m? with evidence of reduced tissue 
perfusion such as mental impairment and oliguria or anuria. 
Some of the patients manifested shock,?’ but others had no 
signs of peripheral vasoconstriction. For this reason the term 
“low output syndrome” rather than “shock” has been used. 

Data analysis: Statistical analysis was performed using the 
Fisher’s Exact test. 


Results 


Noncompliant hemodynamic pattern: Table | 
shows the mean right atrial and pulmonary capillary 
pressures. of every patient at the first hemodynamic 
determination that we considered diagnostic of right 
ventricular dysfunction. A noncompliant pattern was 
observed in 40 (74 percent) of the 54 patients. It was 
severe in 30 and mild in 10. The remaining 14 patients 
had a right atrial pressure with a normal contour ora 
W-shaped wave form, but the x descent was deeper than 
the y descent (Fig. 1). The mean (+ standard deviation) 
right atrial pressure of these patients was 15.6 + 3.1 mm 
Hg. 

In 34 patients, the noncompliant pattern was present 
at the first hemodynamic determination; in the other 
6, it appeared 1 or 2 days later. In three patients it was 
not present in basal conditions, but appeared in a mild 
form witha higher right atrial pressure (mean 15.3 + 3.2 
mm Hg). The mean right atrial pressure level in the 
remaining patients with a noncompliant pattern ranged 
from 4 to 20 mm Hg (15.5 + 4.0 mm He). 

In 19 patients, the noncompliant pattern disappeared 
during the hemodynamic monitoring period; its disap- 
pearance was not always accompanied by normalization 
of the mean right atrial pressure level. In seven patients 
we observed atrial pressure values equal to those of 


FIGURE 1. Right atrial pressure (RAP).{mm Hg) in 
three patients with a severe (A), a mild (B) and no 
(©) noncompliant pattern. 
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-FIGURE 2. Pulmonary trunk (PTP), right ventricular 
-J {RVP} and right atrial (RAP) pressures (mm Hg) in two 
patients with a severe (A) and a mild (B) noncompliant 
pattern. 


patients with the noncompliant pattern. The right 
ventricular pressure wave form on catheter withdrawal 
was normal in the 14 patients in whom a good quality 
recording was obtained. 

Seven patients with a noncompliant pattern died in 
the coronary care unit with persistence of this pattern. 
Of the remaining 14 patients with a persistent non- 
compliant pattern at withdrawal, 13 had the severe 
form, and 1 the mild form. Right ventricular pressure 
was obtained in seven. Six who showed a severe non- 
compliant pattern had a protodiastolic dip greater than 
one third of the right ventricular pressure. In the other 
patient, the pattern was mild and the dip was less than 
one third (Fig. 2). 

Jugular venous pulse: This recording revealed in 
all patients a pattern similar to that of the right atrial 
pressure wave form. The recording was very sensitive 
in differentiating patients with from those without the 
noncompliant pattern (Fig. 3). We therefore recorded 
the jugular venous pulse in the succeeding follow-up of 
survivors in order to assess the noncompliant pattern. 
Between 1 and 18 months after acute myocardial in- 
farction, the jugular venous pulse was recorded in 9 of 
the 14 patients in whom the noncompliant pattern 
persisted throughout the entire period of hemodynamic 
monitoring. In seven of the nine, the jugular venous 
pulse was normal. In the remaining two patients, the 
noncompliant pattern was still present after 10 and 18 
months, respectively. Both patients were asymptomatic 
and had elevated venous pressure as the only sign of 
right heart failure. 

Respiratory recording: In 15 patients, respiration 
was recorded simultaneously with the right atrial 
pressure. The noncompliant pattern was severe in seven, 
mild in five and was not present in three. In no patient 
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FIGURE 3. Right atrial pressure (RAP) (mm Hg) and jugular venous pulse 
(JVP) in three patients with a severe (A), a mild (B) and no (C) non- 
compliant pattern. Note the nearly identical shape of the right atrial 
pressure and jugular venous pulse curves in each case. 
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did the right atrial pressure decrease with inspiration; 
it increased in 10 and did not change in 5, without any 
relation to the presence or severity of the noncompliant 
pattern. Two patients with a noncompliant pattern and 
an increase in right atrial pressure during inspiration 
had normal behavior when the noncompliant pattern 
was no longer present. In one of them, right atrial 
pressure was still elevated, and the other had a normal 
pressure (Fig. 4). One patient in whom the diagnosis of 
right ventricular dysfunction was made after volume 
overloading showed in basal conditions a 7 mm Hg right 
atrial pressure with a normal wave form and inspiratory 
increase (Fig. 5). 

Low output syndrome: This syndrome was present 
in 32 (59 percent) of the 54 patients, occurring in 24 of 
the 30 patients with the severe form of noncompliant, 





FIGURE 4. Right atrial pressure (RAP) (mm Hg) and res- 
piration recordings in the same patient, the first (top) with 
a mild noncompliant pattern, in which the right atrial 
pressure increases in inspiration (INSP.), and later 
(bottom) after the noncompliant pattern has disappeared, 
with normal respiratory behavior. 


in 4 of the 10 with the mild form and in 4 of the 14 
without a noncompliant pattern. A significant relation 
was found between the severe form of noncompliant 
pattern and the low output syndrome (p <0.01). 
Mortality: Thirteen patients with the diagnosis of 
right ventricular dysfunction died before leaving the 
hospital. Postmortem study was performed in nine 
(Table II). All nine had acute necrosis in the posterior 
wall of the left ventricle, interventricular septum and 
right ventricle. Unfortunately. no quantitative analysis 
of the necrotic area was performed. We can only show 
the location of the necrosis, studied with incubation in 
triphenyl tetrazolium chloride solution and histologic 
examination. Severe coronary obstructive lesions (75 
to 100 percent narrowing of luminal diameter) were 
observed in the dominant right coronary artery in all the 


FIGURE 5. A, right atrial pressure (RAP) (mm Hg) 
in basal conditions. There is an increase during 
inspiration (INSP.). B and C, right atrial pressure 
in the same patiert during apnea before (B) and 
after (C) volume overloading with 200 cc of dex- 
tran. The noncompliant pattern appears during 
inspiration (A) and later with volume overloading 
(C). 
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TABLE Il 
Postmortem Findings and Hemodynamic Pattern in Nine Patients With Right Ventricular Dysfunction 











Myocardial Infarction 








ee a Myocardial Pulmonary Pulmonary Coronary Obstructive Noncompliant 

Case RV VS LV Rupture Embolism Edema Lesions (>75%) Pattern 
2 P P P IVS No No RCA Absent 

7 P P P LVPW No No RCA Absent 

9 P P P No Yes No RCA + LCx Absent 

12 P P P LVPW No No RCA + LAD + LCx Severe 
22 P P P No No No RCA + LAD Severe 
"25 P P P LVPW No No RCA Severe 
29. P P P No No No RCA Severe 
T P+ AL P PHA No No No RCA + LAD Severe 
39 P PHA P + Ap + No No Yes RCA + LAD + LOx Absent 





-cCA [anterior AL = anterolateral; Ap = apical; IVS = interventricular septum; LAD = left anterior descending coronary artery; LCx = left circumflex 
coronary artery; LV = left ventricle, LVPW = left ventricular posterior wall; RCA = right coronary artery; RV = right ventricle: P = posterior: PPM 


= = posterior papillary muscle. 


patients. Additional lesions in the left coronary tree are 
listed in Table II. 
© In five patients myocardial rupture or pulmonary 
embolism occurred suddenly while they were clinically 
asymptomatic. Seven patients died with a severe low 
‘output syndrome and their deaths were significantly 
related to the presence of the severe noncompliant 
pattern {p <0.05): six had the severe form and one a 
normal wave form in the right atrial pressure tracing. 
The remaining patient (Case 39) died with acute pul- 
monary edema. 


Discussion 


In hemodynamic studies performed in patients with 
right ventricular dysfunction secondary to right ven- 
tricular infarction, slight attention has been paid to the 
significance of the pressure wave form of the right heart 
chambers. These wave forms have characteristics sim- 
ilar to those of constrictive pericarditis, with a dip pla- 
teau in the diastolic pressure of the right ventricle2®-25 
and marked x and y descents in the right atrium.2! 2225 
This finding has been called “adiastolic syndrome” 71 
or “pattern resembling pericardial constriction.” 2° 
Earlier we had called it “restrictive pattern” 25 because 
of its similarities with that found in restrictive cardio- 
myopathy and because we believe it represents a diffi- 
culty in the expansion of the necrotic myocardium. We 
now use the term ‘noncompliant pattern,” which we 
believe may be more appropriate and accurate. 

Incidence: The incidence of this pattern is very high; 
we have found it in 74 percent of cases of ischemic right 
ventricular dysfunction. Although it is not an exclusive 
feature of ischemic right ventricular dysfunction, and 
by itself does not justify this diagnosis, the finding of a 
noncompliant pattern during acute myocardial infarc- 
tion supports the diagnosis of ischemic right ventricular 
dysfunction. In fact, when it is present, the diagnosis of 
right ventricular infarction should be strongly sus- 
pected. 

_Similiarity to constrictive pericarditis and car- 
diac tamponade: In all of our cases in which respiration 
-was recorded, the respiratory behavior was abnormal 
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because the right atrial pressure did not vary or even 
increased during inspiration; this behavior was the same 
as that described by Lorell et al? in two of seven cases, 
and by Jensen et al.” in their two cases of right ven- 
tricular infarction. The increase of pressure during in- 


spiration, called Kussmaul’s sign, has been described 


in constrictive pericarditis but only in its severe degree; 
in typical constrictive pericarditis there are no respi- 
ratory changes in right atrial pressure.*°°9 In cardiac 
tamponade, another situation with impaired cardiac 
filling and elevated right atrial pressure, inspiration is 
accompanied by a normal decrease in right atrial pres- 
sure and increase in velocity of flow in the superior vena 
cava, with absent Kussmaul’s sign.” We have found 
Kussmaul’s sign even in cases with a normal wave form 
and with only slightly elevated pressure in the right 
atrium (Fig. 5), which makes the interpretation of this 
finding difficult. 

Causes of noncompliant pattern: The noncom- 
pliant pattern could be due to the increase in right 
ventricular diastolic pressure because ventricular 
compliance diminishes when filling pressure increases.” 
Furthermore, it has been postulated?! that massive 
acute dilatation of one ventricle is prevented by the 
noncompliant pericardium, which limits its dilatation 
to the reserve volume of the pericardium.*! However, 
in some cases we found a noncompliant pattern with 
normal or only slightly increased right atrial pressure, 
which proves. there was a component of augmented 
myocardial stiffness. 

Prognosis: The duration of the noncompliant pat- 
tern was extremely variable in our patients. Although 
in the majority it lasted less than a week (as in all the 
cases of Daubert et al.*!), in a considerable number of 
patients it lasted longer, and even persisted for 10 
months and 18 months, respectively, in two patients. 
Probably only the most severe cases of alteration of 
compliance show a noncompliant pattern, and the right 
ventricle has a greater degree of stiffness in the first few 
days after the infarction than in later stages. Diamond 
and Forrester’? calculated a quantitative index of left 
ventricular stiffness called passive elastic modulus that 
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can also be applied to the right ventricle. We did not 

calculate this index because serial right ventricular 
pressures were not available. Nevertheless, we believe 
that the presence of a noncompliant pattern and the 
classifications severe and mild are very useful for the 
qualitative assessment of right ventricular compliance 
and the patient’s prognosis. 

Relation with low output syndrome: There was a 
clear relation between the presence of a noncompliant 
pattern and the clinical severity and mortality due to 
the low output syndrome; however, the longer persis- 
tence of this pattern did not indicate a poorer course: 
All the patients were asymptomatic once they were past 

-theacute phase of the infarction. Considering that the 
most frequent clinical manifestation of ischemic right 
ventricular dysfunction is the low output syndrome, we 
compared the presence of a noncompliant pattern with 

- the incidence of this syndrome, and found that the se- 

vere pattern is statistically related with it (p <0.01). We 
also found a significant relation between the presence 
~ of asevere noncompliant pattern and mortality due to 
the low output syndrome (p <0.05). Therefore we be- 


lieve that the severe noncompliant pattern indicates a 


-poor prognosis, as a result of a more severe degree of 
~ right ventricular stiffness. We cannot draw conclusive 
“statements from the autopsy data because there was no 

quantitative assessment of the necrotic area, but it is 

reasonable to assume that the degree of dysfunction of 
the right ventricle, as of the left, is related to the ex- 
tension of necrosis in the affected ventricle. 

Diagnosis of right ventricular infarction: Gomez 
et al.2° also found that a dip plateau in right ventricular 
pressure was a characteristic feature of right ventricular 
infarction in a group of six patients, as did Lorell et al.?* 
in five of seven patients. Jensen et al.25 found it in their 
two cases, Flammang et al.24 in one and Daubert et al.?! 
found it in all cases of a large series of posterior infarc- 
tion, whereas infarction of the anterior wall of the right 
ventricle.never produced this hemodynamic pattern. 
They therefore concluded that in posterior wall in- 
farction absence of the “adiastolic syndrome” excludes 
right ventricular involvement. 

In an earlier study done by our group” of 10 patients 
with right ventricular posterior infarction and severe 
low output syndrome all 10 had a noncompliant pattern. 
In the present series of 54 cases, right ventricular dys- 
function was always associated with posterior necrosis 
of the left ventricle, and probably all 54 had right ven- 
tricular posterior infarction, but not all had a noncom- 


pliant pattern. We can therefore state that the non- 
compliant pattern is frequent in right ventricular in- 
farction, but its absence does not exclude this diagnosis. 
In fact, among the five patients who died with a normal 
right atrial pressure wave form, in whom the diagnosis 
of right ventricular dysfunction was made according to 
our criteria, autopsy was performed in four, and necrosis 
of the posterior wall of the right ventricle was proved in 
all four. In every case of ischemic right ventricular 
dysfunction in which postmortem study was performed, 
right ventricular necrosis was present. However, we did 
find two patients, not included in this series, with ana- 
tomic involvement of the right ventricle and previously 
normal pressures. This finding supports the hypothesis 
that right ventricular necrosis in human beings is not 
necessarily accompanied by right ventricular dysfunc- 
tion, as occurs with left ventricular necrosis, which is not 
uniformly accompanied by dysfunction of the left 
ventricle. 

In clinical studies, the diagnosis of right ventricular 
infarction is made in light of elevated right ventricular 
filling pressure, reduced radionuclide right ventricular 
ejection fraction and an increased echographic right 
ventricular size, as well as accumulation of pyrophos- 
phate in the right ventricle. According to these criteria 
the diagnosis of right ventzicular infarction is made 
solely when right ventricular dysfunction is present. 
This may explain the difference between the clinical?’ 
and anatomic!®-** incidence of right ventricular in- 
farction. We believe that our criteria for the diagnosis 
of right ventricular dysfunction can be useful in de- 
tecting this condition in a greater number of cases. 

Implications: Although it is well known that the 
jugular venous pulse tracing has a pattern quite similar 
to that of the right atrial pressure recording and is 
widely used in the assessment of right heart lesions,*° 
we believe that this is the first report to describe the 
utility of this recording in evaluating normal or abnor- 
mal right ventricular compliance (Fig. 3) in the acute 
phase and follow-up periods of ischemic right ventric- 
ular dysfunction. It is a simple and useful noninvasive 
method that, in a large proportion of cases, can assist 
in the diagnosis of right ventricular dysfunction and in 
the prediction of prognosis of these patients. 
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Left ventricuiar diastolic pressure was evaluated in 15 patients with mitral 
stenosis anc 16 patients with no significant heart disease to determine 
if a stenotic mitral valve can cause the left ventricle to produce a negative 
diastolic pressure, indicative of ventricular diastolic suction. The minimal 
level of diastolic pressure in patients with mitral stenosis ranged between 
6 and —7 mm Hg; in normal subjects it did not fall below 0. The average 
value of minimal diastolic pressure in patienis with mitral stenosis (2 
+ 1mm Hg [mean + standard error of the mean]) was significantly lower 
than in patients without significant heart disease (5 + 1 mm Hg) (p 
<0.001). These observations indicate that the human left ventricle, in the 
presence of mitral stenosis, can generate a negative diastolic pressure. 
The presence of a negative diastolic pressure in patients with mitral 
stenosis suggests that the dynamics of the ventricle during diastole may 
contribute to the filling process. 


The concept of “left ventricular diastolic suction” has been debated for 
many years.! The question of whether the kuman ventricle can create 
a negative pressure during diastole, indicating a suction-like action, 
remains a controversial subject. If ventricular diastolic suction exists, 
the implication is that left ventricular filling in early diastole may be 
assisted by a process of active ventricular re_axation.*“* In general, it is 
thought that the ventricle is filled. only by the pressure in the atrium 
during diastole and by atrial contraction, and diastolic pressure-volume 
relations are based on this assumption.>~’ 

A recent report® of a patient studied at autopsy has demonstrated that 
the human left ventricle has the capacity under certain. circumstances 
to create a negative pressure during diastole, and this report renews 
interest in this subject. Several experimental studies+*4 have dem- 
onstrated negative pressures within the left ventricle of animals, In 
particular, strong negative pressures were shown in dogs!2-4 and isolated” 
dog hearts* when mitral inflow was impeded. These procedures were. 
based on the premise that with a fully open mitral valve orifice; negative 
diastolic transmural pressures cannot be detected in the ventricle be- 
cause the adjoining atrium has collapsible walls.4 However, during oc- 
clusion of the mitral orifice, negative intraventricular pressure can be 
recorded. In view of these observations, if diastolic ventricular suction 
were present, one would expect: to observe a negative intraventricular 
pressure in patients with mitral stenosis. In this study we evaluated left 
ventricular pressures during diastole in patients with mitral stenosis and 
compared them with diastolic pressure measurements in patients with. 
no apparent heart disease. 
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Methods 


Patients: Intraventricular pressure and sound were 
: measured in 31 patients undergoing diagnotic cardiac 
< catheterization. Fifteen patients had hemodynamic 
< evidence of mitral stenosis and 16 had no abnormal 
~- hemodynamic or arteriographic findings. The patients 
~ with mitral stenosis had a mean diastolic pressure gra- 
dient across the mitral valve of 7 to 27 mm Hg. Among 
the 15 patients with mitral stenosis, 4 had no mitral 
-- regurgitation, 5 had ventriculographic evidence of mild 
to moderate mitral regurgitation, and 5 had severe mi- 
tral regurgitation. Three of these 15 patients had mild 
to moderate aortic insufficiency and one had a 70 per- 
-cent narrowing of luminal diameter of the left circum- 
¿flex coronary artery. Each of the 16 patients with a 
normal hemodynamic status were studied because of 
~angina-like symptoms. One patient had mild mitral 
valve prolapse. None of these patients had arterio- 
_ graphic evidence of coronary artery disease. 
Pressure and sound recordings: Pressure was 
- Measured with a catheter-tip micromanometer (Millar 
_ Instruments, Houston, Texas). The pressure-sensing 
element is an ultraminiature silicone strain gauge 
-semiconductor designed specifically for catheter-tip 
applications. The transducer has a high signal to noise 
ratio and good resolution at low pressures because it 
provides an output several times higher than that of 
conventional external transducers. Its low mass makes 
it insensitive to acceleration forces and “catheter whip.” 
The pressure sensor is a linear device with a normal 
output accuracy within 0.5 percent. of any selected 
pressure range from —300 to +400 mm Hg. The sensor 
has a frequency response of 0 to 20 kilohertz and a 
natural frequency of 25 to 40 kilohertz. The phase lag 
of this type of sensor is 90° at 35 kilohertz, which is 
equivalent to a time delay of approximately.7 us. Tests 
in our laboratory showed a baseline drift of less than 1 
mm Hg in 3 hours. The zero baseline of the transducer 
was adjusted to atmospheric pressure at the beginning 
of each procedure. In view of baseline shifts that may 
--oecur with temperature differences between the body 
“and room air, the level of zero pressure was reestablished 
after withdrawal of the catheter-tip micromanometer 
from the brachial artery (Fig. 1). In some patients, 
sound within the left ventricle was recorded simulta- 
“neously with pressure, with use of the same transducer. 
Recordings of pressure and sound were obtained on a 
VR-6 photographic recorder (Electronics for Medicine) 
at speeds of 25 to 200 mm/s. The frequency response of 
the recording system was flat to 700 hertz with a 3 dec- 
ibel drop at 2.100 hertz. However, pressures were fil- 
tered at frequencies above 250 hertz. 
Left ventricular pressure during diastole was mea- 
sured at the lowest point that the pressure reached 
‘during the filling period. In almost all instances this 
_ occurred during the rapid phase of filling. The mea- 
surements in each patient were averaged over 15 to 20 
-eonsecutive cardiac cycles. Premature ventricular 
-contractions and postextrasystolic beats were excluded 
from these measurements. 
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Ventriculograms in the right anterior oblique pro- 
jection were obtained on 35 mm cine film in 25 of 31- 
patients. Left ventricular end-systolic and end-diastolic 
volumes were calculated with the single plane area- 
length method. Amplification was determined by uti- 


lization of a two dimensional scale that also permitted 


compensation for any roentgenographic distortion. Such 
distortion was negligible. 

Pulmonary arterial pressure and pulmonary wedge. 
pressure were measured using fluid-filled catheters 
attached to a P23ID pressure transducer (Gould Sta-: 
tham Inc., Hato Rey, Puerto Rico). 


Results 


Patients with mitral stenosis: In this group, mini- | 


mal diastolic pressure was —2 + 1 mm Hg (Table I) (Fig. 
2 to 4). In 10 of 15 patients, a negative intraventricular 
pressure during diastole was recorded. In three patients, 
minimal diastolic pressure was zero, and in two patients 


it was positive. The two patients whose minimal dia- 


stolic pressure remained positive had only mild to 
moderate mitral stenosis: The mitral valve area in one 


was 1.7 cm?; in the other, it was 1.3 cm”, excluding cor: 


rections for severe mitral regurgitation. In the patients 
in whom a negative diastolic pressure was recorded, the 
maximal negative pressure occurred during the rapid 
phase of left ventricular filling. The minimal diastolic 
pressure, particularly in patients with atrial fibrillation, 
varied in magnitude from beat to beat. 

Patients without significant heart disease: In this 
group, the minimal pressure reached during diastole 
ranged from 1 to 11 mm Hg (5 + 1 mm Hg) (Table I, Fig. 
5 and 6). As in the patients with mitral stenosis, the 
lowest pressure during diastole was reached during the 
rapid phase of left ventricular filling. Minimal ven- 
tricular diastolic pressure was significantly higher in the 
patients without significant heart disease than in the ¢ 
patients with mitral stenosis (p <0.001, unpaired t 
test). 

Left ventricular end-systolic volume in patients with | 
mitral stenosis (59 + 9 cm?) was not significantly dif- 
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FIGURE 1. Illustration showing a typical pullback of the micrama-. = 


nometer from the. brachial artery to room air. The level of zero pressure 
used relative to the prestudy reference baseline is indicated by arrow. 
ECG = electrocardiogram. 
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TABLE | 
oe Hemodynamic Measurements in Patients With Mitral Stenosis and Normal Subjects 





Pressures {mm Hg) 

















Le Age tyr) Mean Mean MV Minimai 
Case & Sex HR co Ao LV PA Wedge Gradient Diastolic EF 
A. Patients Wath Mitral Stenosis 
i 63 F 72 2.9 122/60 122/5 118/48 25 20 -4 73 
2 AGF 79 4.6 131/69 181/19 37/20 16 27 =t 60 
3 57M 100 4.1 142/71 442/7 33716 16 16 Q 53 
4 64 F 81 2.5 106/62 106/6 36/24 16 10 0 45 
5 56F 70 4.2 130/87 130/15 75/35 35 13 +3 51 
6 StF 72 4.8 104/66 104/7 24/12 12 17 0 76 
7 21F 126 44 91/67 81/3 38/25 25 27 -4 z= 
8 45 F 64 2.9 108/72 188/4 54/22 17 19 ~§ za 
9 61F 63 4.7 152/76 152/5 36/13 10 7 +6 60 
64F 66 3.4 138/64 138/8 36/17 16 12 =7 78 
59F 90 2.6 142/92 167/9 60738 25 25 ~3 60 
43F 65 3.6 128/58 428/11 40/18 16 ti = 49 
24M 110 2.3 106/66 106/10 27/17 19 14 = 2) 56 
66F 76 3.1 175/103 174/f 41/19 17 12 =6 ba 
28M 100 3.7 101/68 101/14 25/13 13 8 -1 a 
49 82 3.6 125/72 127/7 45/23 19 16 ~2 60 
4 5 0.2 6/3 6/t 6/3 2 2 1 3 
B. Normal Subjects 
43F 84 5.2 147/83 147/8 = = 0 3 73 
62M 75 Ga 110/70 440/70 ood a 0 1 86 
34M 65 6.5 104/71 194/10 16/6 3 0 10 54 
49M 80 6.9 163/83 183/70 wes = 0 7 81 
38M 60 5.6 110/74 110/8 16/5 3 0 3 72 
63F 70 5.6 120/72 1260/4 — = 0 3 80 
44F 70 4.2 117/65 117/74 _ = 0 3 59 
5141F 90 §.2 96/61 96/6 14/6 6 0 2 = 
40M 60 5.3 108/64 108/10 13/4 2 0 2 66 
54F 72 5.7 150/78 150/74 28/12 5 0 1 66 
SIF 72 6.9 120/82 120/3 = ea 0 8 74 
51F 76 4.4 112/56 112/5 21/6 3 0 8 74 
42M 60 5.2 410/72 110/2 12/6 6 0 4 65 
30M 67 = 136/80 36/12 = = 0 9 54 
76M 65 47 150/62 0/6 15/6 3 0 11 ~ 
45 F 105 = 128/78 1728/8 = S o 1 = 
48 73 5.5 124/72 124/8 17/6 4 0 5 70 
3 3 0.2 5/2 5/1 2/1 1 0 1 3 











Ao = aortic; CO = cardiac output (liters/min); EF = ejection fractien (percent); HR = heart rate (beats/min); LV = left ventricular; MV = mitral 
valve; PA = pulmonary arterial; SEM = standard error of the mean. 


ferent from that of the normal group (39 + 7 cm). He- 
modynamic measurements in both groups of patients 
are shown in Table [. 


Discussion 


Our results indicate that the human left ventricle can 
create a negative diastolic pressure, thereby creating 
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ventricular diastolic suction under certain circum- 
stances. The presence of a reduced inflow orifice, as a 
result of severe mitral stenosis, allowed a negative dia- 
stolic pressure to occur during left ventricular filling. 
To our knowledge, this is the first time that such a he- 
modynamic observation has been made in human 
beings. In the group of patients with no significant heart 


FIGURE 2. Patient 3, mitral stenosis. Left ven- 
tricular (LV) pressure and intraventricular sound 
recordings. A- negative ` ventricular. . diastolic 
pressure is apparent. The. intracardiac sound 
tracing shows. a mitral opening snap. ECG = 
electrocardiogram. 


Volume 45 


~ disease, anegative diastolic pressure was not observed 
> during left ventricular filling. - 

Previous observations: Observations similar to 
those made in this study have been made in animals. In 
1956, Brecher* recorded negative diastolic pressures in 
_ the intact dog heart of —1.3 to —10.8 cm H20, when the 
mitral orifice was temporarily occluded. Others!2-14 
subsequently showed similar results. Fowler et. al.!4 
< produced left ventricular inflow obstruction by inflation 
_ of a Foley catheter inserted through the left atrial ap- 
< pendage. Obstruction of mitral inflow resulted in neg- 

ative left ventricular diastolic pressures of —2.5 to —18 

-mm Hg. The magnitude of negative pressures observed 
-im our study are within the range observed by these in- 

vestigators. 


Rapid. bleeding from the right ventricle also resulted - 


in negative left ventricular diastolic pressures (—2.5 to 
_~6.5 mm Hg).!* An autopsy report by Roberts et al. of 
aman who died after a gunshot wound seemed to reflect 
this mechanism. A bullet entered the right atrium and 
-exited from the right ventricle. The left atrial appendage 
: was invaginated through the mitral orifice. According 
_ to their interpretation, the left ventricle, after emptying 
its chambers and the blood in the lungs, created a 
sucking action sufficiently strong to cause the left atrial 
appendage to invaginate and be “pulled” through the 
mitral orifice toward the left ventricle. This appeared 
to substantiate the creation of negative diastolic pres- 
“sure by the human left ventricle. 
Several investigators®-!4.'5 have suggested that a 
. negative diastolic pressure occurs in the left ventricle 
only when the end-systolic volume is small. In our study, 
no significant difference was observed between the 
end-systolic volume of patients with mitral stenosis and 
patients with a normal heart. The negative diastolic 
pressure we observed in patients with mitral stenosis 
appears to be related to the maintenance of a vigorous 
contraction in the presence of severe valve stenosis. The 
ventricles appear to have exerted a vigorous sucking 
action to draw blood through the reduced inflow ori- 
fice. 
_ Implications related to mechanisms of ventric- 
ular filling: Our observations and those made by others 
-regarding the capability of the mammalian left ventricle 
to create, under certain circumstances, a negative dia- 
= stolic pressure have implications related to the mech- 
anism of left ventricular filling. Current concepts indi- 
cate that left ventricular filling is due to the atrioven- 
tricular pressure gradient and atrial contraction. In 
‘contradistinction, the measurement of negative pressure 
in the ventricle during diastole suggests the possible 
presence of an alternate or perhaps a complementary 
mechanism, possibly that of an “active” diastole. 
Rushmer et al? suggested that during systole the 
myocardial fibers in different layers must pull against 
each other and apply stretch to the connections between 
them and that this action represents potential energy 
that is wasted so far as systolic ejection is concerned. 
However, as the ventricles begin to relax, this potential 
energy would be released and could act to return the 
ventricular chambers to their original diastolic dimen- 
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FIGURE 3. Patient 8, mitral stenosis. Left ventricular (LV) pressure and : 
intraventricular sound recordings. The magnitude of the negative dia- 


stolic pressure varies from beat to beat. Atrial fibrillation is presènt. 


A diastolic murrmur.is recorded within the left ventricle. 
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FIGURE 4. Patient 11, mitral stenosis. Left ventricular (LV) pressure 
and sound recordings. in some beats, negative left ventricular diastolic 


pressure is maintained throughout diastole. ECG = electrocardio: > 


gram. 
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FIGURE 5. Patient 4, normal group. Left ventricular (LV) pressure.and 
sound recordings. The pressure is positive throughout diastole. ECG 
= electrocardiogram. 
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FIGURE 6. Patient 1, normal group. Left ventricular (LV) pressure rē- 
cording. Diastolic pressure does not fall below zero. ECG = electro- 
cardiogram. 
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sions. Therefore, the inflowing blood would encounter 
a small resistance to distension and thus facilitate rapid 


a filling in early diastole. It was suggested” that such an 


effect should not be termed a “suction” unless the in- 


- traventricular pressure drops below the pressure im- 


` mediately outside the walls. Others!” have suggested 
that elastic forces (elastic recoil) tend to restore ven- 
~~ tricular diastolic dimensions under stable conditions 
-` and that such forces are in part responsible for ven- 
~ tricular suction. Other mechanisms, including the 
possibility that some parts of the heart muscle contract 


during diastole and thereby assist in expansion of the 
ventricle as a whole, have also been proposed. 16 

In conclusion, + the human left ventricle, in the pres- 
ence of mitral stenosis, can generate a negative diastolic 
pressure. Presumably, diastolic function is similar in 
normal subjects, but a negative diastolic pressure does 
not develop because ventricular inflow is unimpaired 
(a partial vacuum cannot form). The presence of a 
negative diastolic pressure in patients with mitral ste- 
nosis suggests that dynamics of the ventricle during 
diastole may participate in the filling process. 
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Eighteen patients with acute pulmonary embolism were studied with right 
heart catheterization and M mode echocardiography. No patient had 
evidence of preexisting cardiopulmonary disease; pulmonary embolism 
was documented with pulmonary angiography. The mean pulmonary ar- 


-terial pressure correlated with the angiographic severity index of embolic 


obstruction (r = 0.61, p <0.001). The size of the right pulmonary artery _ . 


was evaluated with suprasternal echocardiography and corrected for body — 


surface area (index size). in patients with elevated mean pulmonary ar- 
terial pressure (greater than 20 mm Hg) the index size was increased : 
(mean + standard error of the mean 15.1 + 0.6 mm/m?, p <0.001) over 
values in a control group of 25 normal subjects with a mean normal pul- 


monary arterial pressure (9.6 + 0.9 mm/m?) and in 5 patients with acute _ S 


pulmonary embolism and a mean normal pulmonary arterial pressure (10.9 
+ 0.4 mm/m*). For all measurements the index size of the right pulmonary _ 
artery correlated with the mean pulmonary arterial pressure {r = 0.84, 
p <0.001). Precordial echocardiography revealed that the right ventricular 


dimension was increased in 13 of 16 patients and the left ventricular di- 
mension decreased in 10 of 15 patients. Thus, the right ventricular end- 
diastolic/left ventricular end-diastolic ratio was above normal in 14 0f 15 __ 
patients when compared with the value in 25 normal subjects. This ratio —__ 
correlated well with the angiographic severity index of embolic obstruction 


(r = 0.83, p <0.001). The E-F slope of the anterior mitral leaflet was re- 
duced in 12 of 16 patients. In eight patients an abnormal pattern of septal 
motion was observed, exhibiting a posterior motion during diastole. Su- 
prasternal and precordial echocardiography seems to be a valuable 
noninvasive technique in the assessment of acute pulmonary hypertension —__ 
in patients with acute pulmonary embolism with no known prior cardio- 
pulmonary disorder. ae 


Once massive pulmonary embolism has occurred, mean pulmonary ar- 


terial pressure is increased in almost all patients. In those free of prior — 
cardiopulmonary disease the elevation of the pulmonary pressure is < 


related to the degree of pulmonary embolic obstruction? In a wide 
number of experimental, 4# radiologic®§ and clinical investigations,” it 
has been shown that the right ventricle and the pulmonary arteries be- 
come dilated during acute pulmonary embolism, and that the variations 
in vessel size reflect the change in pulmonary arterial pressure.® 

With suprasternal echocardiography, information on the size of the 
right pulmonary artery!" can be obtained, and with the precordial ap- 
proach the diameter changes of the right and left ventricular chambers 
can be evaluated. The echocardiographic features of chronic pulmonary —__ 


hypertension are well known,'!!-!? whereas those of acute pulmonary. 


hypertension due to pulmonary embolism have not been studied. This 
study was undertaken to evaluate prospectively whether acute pulmo- 


nary hypertension can be detected by analysis of echocardiographic — 


measurements in patients with acute pulmonary embolism. 
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Methods 


Patients: Eighteen patients with acute pulmonary embo- 
lism were studied with echocardiography, right heart cathe- 
terization and pulmonary angiography. The pulmonary em- 
bolism was angiographically demonstrated in all. The patients 
had a mean age of 52 years. Only patients without evidence 
of prior cardiopulmonary disease were studied. Two patients 
(Cases 10 and 15) presented with the characteristic history of 
several embolic events recurring within 1 week. Because 
widening of the right pulmonary artery and alteration of the 
right ventricular end-diastolic left ventricular end-diastolic 
ratio can be expected in patients with a history of primary 
pulmonary hypertension, congenital heart disease or valvular 
heart disease and in those with symptoms of left ventricular 
failure, patients with these conditions were excluded from the 
study. The pulmonary embolism was related to a preceding 
operation in 13 patients and to a malignant neoplasm in 3; in 
2 patients no underlying disease could be detected. 

Echocardiography: Echocardiograms were obtained im- 
mediately before pulmonary angiography at least 18 hours 
after the acute embolic event. A Siemens Echopan KS ultra- 
sonoscope with a nonfocused 2.25 megahertz transducer was 
used. Suprasternal notch echocardiograms were performed 
with the patients supine. By having the patient rotate his head 
counterclockwise, it was possible to position the transducer 
into the suprasternal notch below the level of the sternum. 
The right pulmonary artery shows a characteristic motion 
pattern in the suprasternal echocardiogram (Fig. 1). When the 
atrium contracts the superior wall of the left atrium separates 
from the inferior wall of the right pulmonary artery, thus 
forming a box like configuration. The atrial contraction pro- 
duces an atrial dip in the wall motion of the right pulmonary 
artery. In addition, the superior wall of the right pulmonary 
artery moves parallel to and is somehow dampened in relation 
to the inferior wall. During isovolumic contraction the right 
pulmonary artery is shifted upward, showing a small notch 
(IC point) in its wall motion. The diameter at the level of the 
IC point was chosen as the reference point for the measure- 
ments of the size of the right pulmonary artery and represents 
its end-diastolic diameter. During systole the diameter of the 
right pulmonary artery increases with an increase in pulmo- 





FIGURE 1. The normal right pulmonary artery shows a characteristic 
motion pattern during the cardiac cycle. The superior wall of the left 
atrium (SWLA) separates from the inferior wall of the right pulmonary 
artery (IWPA) during atrial contraction, producing the A dip. The superior 
wall of the right pulmonary artery (SWPA) moves parallel to and in 
slightly dampened fashion with respect to the inferior wall (IWPA). 
During isovolumic contraction the right pulmonary artery is shifted 
upward, producing a small notch (IC point) in its wall motion. 


nary arterial pressure. Because of slight variations in the po- 
sition and in the size of the right pulmonary artery during 
breathing, its size was measured at end-expiration. 

All the echocardiographic measurements were made inde- 
pendently by two investigators without knowledge of the 
angiographic data. The interobserver differences were below 
the 5 percent level for the size of the right pulmonary artery 
and below the 10 percent level for the echocardiographic 
measurements obtained with the precordial approach. Also, 
to minimize breathing-dependent and position-induced al- 
terations of the right and left ventricular diameter, precordial 
echocardiograms were obtained in a standardized manner, 
that is, during end-expiration with the patients in a supine 
position. 

The size of the right pulmonary artery and the right ven- 
tricular end-diastolic/left ventricular end-diastolic ratio were 
also measured in 25 normal subjects serving as controls. 
Subsequently, the size of the right pulmonary artery was 
corrected for body surface area, in the control and study 
groups because it has been shown that the size of this artery 
is related to the body surface area.!* The motion of the in- 
terventricular septum was evaluated at the level of the mitral 
valve because an adequate echocardiogram below the level of 
the mitral valve could not be obtained in all patients. 

Pulmonary angiography: Pulmonary angiograms were 
graded by one of us (P.L.) according to the objective angio- 
graphic severity index for pulmonary embolism,!4 without 
knowledge of the patients’ history. This severity index is a 
semiquantitative grading system in which only angiographic 
abnormalities specific for pulmonary embolism such as filling 
defects and obstructions are considered. Depending on the 
degree of vessel obstruction a score was estimated within the 
range of 1 to 9. By general agreement obstruction of a seg- 
mental pulmonary artery was scored as 1, whereas obstruction 
of the main pulmonary artery was scored as 9. Filling defects 
were graded with respect to their anatomic location; for ex- 
ample, a filling defect in a segmental region was given a score 
of 1 and one in the central region a score of 3. By convention, 
the sum of the scores achieved in one lung should never ex- 
ceed 9. 


Results 


The hemodynamic and echocardiographic data ob- 
tained in all patients are summarized in Table I. The 
size of the right pulmonary artery could be determined 
in each patient. The right ventricular end-diastolic di- 
ameter could not be determined in 2 and left ventricular 
end-diastolic diameter in 3 of 18 patients, and inter- 
ventricular septal motion could not be assessed in one 
patient. The pulmonary valve could be recorded in only 
2 of 18 patients (Cases 12 and 17); in both patients the 
pattern of valve motion was normal. 

Correlation of size of right pulmonary artery and 
pulmonary pressures: The mean pulmonary arterial 
pressure (PAP,,) was elevated (greater than 20 mm Hg) 
in 13 of 18 patients. If Patients 10 and 15 are omitted 
(because of a recurrent embolic event) the increase in 
the mean pressure correlated with the angiographic 
severity index of pulmonary embolism (r = 0.61, p 
<0.001). In each of the 13 patients with elevated pul- 
monary pressure the index size of the right pulmonary 
artery determined with suprasternal echocardiography 
was considerably greater (15.1 + 0.6 mm/m?, p <0.001) 
than in the 5 patients with a normal mean pulmonary 
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Hemodynamic and Echocardiographic Data in 18 Patients 
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Case PAP ASIEO RPA 
1 46/22/30 13 16.5 
2 50/18/30 14 14.4 
3 67/18/34 17 16.4 
4 36/20/24 5 16.3 
5 31/9/17 14 12.5 
6 45/12/24 13 13.8 
7 22/14/17 5 9.8 
8 45/13/30 8 14.7 
9 34/7/19 10 11.1 

10 80/30/40 10 19.5 
11 44/18/26 9 17.7 
12 30/9/17 1 10.8 
13 32/8/16 4 10.7 
14 34/14/22 9 13.0 
15 73/24/42 11 15.9 
16 37/17/25 14 11.1 
17 31/14/22 5 13.4 
18 36/16/25 9 13.6 





End-Diastolic 
Diameter RVEDD/ Septal 
LVEDD Motion 
RV LV Ratio E-F Pattern 
34.9 27.5 1.27 37.2 Abnormal 
32.8 27.6 1.18 35.5 Normal 
44.7 23.9 1.87 19.0 Normal 
41.0 — — — Normal 
38.5 34.2 1.13 24.8 Abnormal 
39.8 44.6 1.15 44.0 Abnormal 
35.7 31.0 0.87 29.5 Normal 
41.5 39.1 1.06 17.4 Normal 
31.0 23.5 1.32 22.0 Abnormal 
— — 22.0 Abnormal 
34.9 44.4 0.79 68.3 Normal 
23.9 45.9 0.52 70.8 Normal 
33.0 40.1 0.82 43.0 Normal 
41.6 36.0 1.15 10.0 Abnormal 
41.8 33.7 1.23 34.2 Abnormal 
24.5 33.6 0.73 68.0 Normal 
30.2 33.3 0.91 57.6 Abnormal 


ASIEO = angiographic severity index of embolic obstruction; E-F = E-F slope of echocardiogram (mm/sec); LV = left ventricular; LVEDD = 
left ventricular end-diastolic diameter (mm); PAP = pulmonary arterial pressure (mm Hg) (systolic/diastolic/mean); RPA = size of right pulmonary 
artery corrected for body surface area (mm/m7?); RV = right ventricular; RVEDD = right ventricular end-diastolic diameter (mm). 


arterial pressure (10.9 + 0.4 mm/m?). The index size of 
the right pulmonary artery of these 13 patients was also 
greater in comparison with that of the control group of 
25 normal patients (9.6 + 0.9 mm/m?). There existed a 
close correlation between index size of the right pul- 
monary artery and mean pulmonary arterial pressure 
(r = 0.84, p <0.001) (Fig. 2). In six patients with elevated 
mean pulmonary pressure (Cases 1, 2, 4, 6, 8 and 11) 
right heart catheterization was repeated 2 to 6 weeks 
after treatment. In these patients normalization of the 
pulmonary pressure was associated with a reduction of 
the size of the right pulmonary artery to nearly normal 
(10.9 + 0.4 mm/m?) (Fig. 3). 

Ventricular dimensions (Table I): During acute 
pulmonary embolism dilatation of the right ventricle 
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FIGURE 2. Correlation between index size of the right pulmonary artery 
(RPA/BSA) and mean pulmonary arterial pressure (PAP mean) in 18 
patients during acute pulmonary embolism (open circles with dots) and 
in 25 normal subjects with normal mean pulmonary pressure (20 mm 
Hg or less) (closed circles). n = number of subjects; p = probability; 
r = correlation coefficient. 


was found in 13 of 16 patients whereas a small left 
ventricular end-diastolic diameter was found in 10 of 
15 patients. Thus the ratio of right to left ventricular 
end-diastolic diameter in 15 patients with acute pul- 
monary embolism differed markedly (1.1 + 0.32) from 
the ratio in 25 normal subjects (0.43 + 0.1) (p <0.001). 
This normal value for end-diastolic ratio is in excellent 
agreement with the normal reported range (0.13 to 
0.62)! (Fig. 4). 

A significant correlation was found when the right to 
left ventricular end-diastolic ratio was plotted against 








ECG 
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FIGURE 3. Case 1. Typical suprasternal echocardiogram during acute 
pulmonary embolism (left panel). Saline solution was injected, causing 
a shower of microbubbles within the lumen of the right pulmonary artery 
(RPA). The suprasternal echocardiogram on the right (right panel) was 
obtained 16 days later, after normalization of the pulmonary arterial 
pressure. Note the reduction in size of the right pulmonary artery from 
30 to 20 mm. AO = aorta; ECG = electrocardiogram; other abbrevia- 
tions as in Figure 1. 
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FIGURE 4. The ratio of right to left ventricular end-diastolic diameter 
(RVEDD/LVEDD) in patients with acute pulmonary hypertension (study 
group) (mean + standard deviation 1.1 + 0.32) differed markedly from 
that of the control group (0.43 + 0.1) (p <0.001). The patched area 


ee represents the reported normal range for this ratio. 


-the angiographic index of severity of embolic obstruc- 
tion (r = 0.838, p <0.001) (Fig. 5). The E-F slope of the 
anterior mitral leaflet was reduced in 12 of 16 patients 


-when compared with normal values.'* In 8 of 17 patients 


a paradoxic septal motion pattern was observed. In 
these patients the septum bulged posteriorly toward the 
left ventricular cavity during diastole (Fig. 6). 
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Discussion 


Recently it has been shown that in patients without 
prior cardiopulmonary disease the elevation of the mean 
pulmonary arterial pressure is related to embolic ob- 
struction. Several experimental and clinical studies have 
demonstrated that the mair pulmonary artery dilates 
during acute pulmonary embolism and that this dila- 
tation is due to the increase in pulmonary pressure. 
Dilatation of the main pulmenary arteries has also been 
described in previous studies using chest X-ray films 
and pulmonary angiography. However, the clinical 
significance of this radiologic sign has not. been well 
established. 

Echocardiographic size of right pulmonary ar- 
tery and severity of pulmonary hypertension: With 
suprasternal echocardiography it is possible to measure 
the size of the right pulmonary artery easily and with 
accuracy. In our study the mean pulmonary arterial 
pressure correlated with the angiographic index of se- 
verity of embolic obstruction. However, the correlation 
was not as close as that observed by McIntyre and Sa- 
sahara.° This difference is possibly due to the smaller 
number of patients in our study as well as to differences 
in grading of pulmonary obstruction. 

In 13 patients with acute pulmonary embolism the 
size of the right pulmonary artery was increased čom- 
pared with that in the control group and correlated 
strikingly with the mean pulmonary arterial pressure, 
which was élevated in these patients. In six patients who 
underwent a second right heart catheterization after 
treatment, normalization of pulmonary arterial pressure 
was associated with a reduction in size of the right pul- 
monary artery to normal values. In the two patients 
whose pulmonary valve was visualized, a normal pattern 
of motion was found. The inability to record the pul- 
monary valve in 16 of 18 patients may have been due to 
the general technical difficulties of obtaining a rea- 


FIGURE 5. Ratio of right to left ventricular end-diastolic 
diameter (RVEDD/LVEDD) plotted against the angio- 
LVEDD =. graphic index of severity of embolic obstruction. 
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FIGURE 6. Case 9. This precordial echo- 
cardiogram is an impressive example of 
the massive hemodynamic alterations 
occurring during acute pulmonary embo- 
lism (left panel) and 14 days after suc- 
cessful treatment (right panel). Note the 
changes in end-diastolic diameter (EDD) of 
the right (RV) and left (LV) ventricular 
chambers. At left, the septum bulges 
toward the left ventricle during diastole, 
thus impeding left ventricular filling, as 
evidenced by the reduction of the E-F slope 
of the anterior mitral leaflet. At right, septal 
motion and E-F slope are normalized. In the 
left panel, the echographic record of the 
anterior wall of the right ventricle was re- 
touched for demonstration purposes. 


sonably good echocardiogram of this valve in patients 
with severe dyspnea or tachypnea. 

Right ventricular hemodynamics: In some stud- 
ies!7-!9 using precordial echocardiography in patients 
with acute pulmonary embolism a reliable pattern for 
clinical assessment of this disease could not always be 
obtained. However, our study demonstrates that the 
precordial approach does yield valuable information 
about right and left ventricular hemodynamics during 
acute pulmonary embolism. It can be assumed that the 
increase in right ventricular dimension and the bulging 
septal motion toward the left ventricular cavity during 
diastole in the acute state of pulmonary embolism are 
due to acute right ventricular pressure stress. Similar 
findings were observed in animal studies” during acute 
pulmonary hypertension and in patients with chronic 
right ventricular pressure overload.!!:!2:2! 

Left ventricular hemodynamics: In addition, left 
ventricular hemodynamics were also affected in acute 
pulmonary hypertension. In most of the patients the 
reduction of the left ventricular end-diastolic diameter 
and the reduced E-F slope of the anterior mitral leaflet 
in 12 of 16 patients are echocardiographie indexes for 
the changes in left ventricular shape and compliance. 
These findings are indirectly supported by similar ob- 
servations in animal studies during experimental acute 
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pulmonary hypertension.”° Patients with chronic pul- 
monary hypertension seem to react in a similar way.?! 
Figure 6 demonstrates impairment of left ventricular 
filling which might be explained by the bulging of the 
interventricular septum posteriorly during acute right 
ventricular pressure overload. If this is true then left 
ventricular dysfunction (reversed Bernheim effect?) 
in conditions with right ventricular volume and pressure 
stress seems to be echocardiographically confirmed at 
least in some patients with acute pulmonary embo- 
lism. 

Implications: Our results show that a dilated pul- 
monary artery, delineated by suprasternal echocardi- 
ography, indicates an increase in pulmonary arterial 
pressure and that the ratio of right to left ventricular 
end-diastolic diameter correlates well with the angio- 
graphic index of severity of embolic obstruction in pa- 
tients with acute pulmonary embolism. The presence 
or absence of pulmonary hypertension in acute pul- 
monary embolism determines substantially further 
therapeutic steps. Thus in our opinion, suprasternal and 
precordial echocardiography is an important noninva- 
sive technique in the assessment of acute pulmonary 
hypertension in patients with acute pulmonary embo- 
lism who have no history of prior cardiopulmonary 
disease. 
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Fourteen patients who had a left ventricular apex to abdominal aorta 
composite conduit implanted for relief of severe left ventricular outflow 
tract obstruction were studied at cardiac catheterization 7 days to 19- 

months postoperatively (median 12 days). Analysis of pressure, angio- 
graphic and blood flow velocity data showed the following: (1) The let 
ventricle to aorta pressure gradients were reduced from an average — 

preoperative value of 100.6 mm Hg (range 54 to 140) to an average of 
22.1 mm Hg (range 0 to 60) postoperatively; (2) postoperative left ven- 
tricular end-diastolic volume averaged 87.5 percent of normal (range 51 


to 146); (3) cardiac index and ejection fraction were normal postopera- 


tively in all but one patient. Left ventricular and aortic angiography re- 


vealed blood flow through both the ascending aorta and conduit in all 


patients and retrograde flow of blood from the conduit to the aortic arch: 
in four. An average of 36 percent (range 16 to 50) of the left ventricular 
output was ejected through the conduit. It appears that this operation is 
effective in relieving severe and otherwise inoperable teft ventricular 


outflow tract obstruction and in preserving or improving left ventricular 


function and aortic hemodynamics. 


The interposition of a valved conduit from the apex of the left ventricle 


to the descending aorta has been applied recently to a number of patients 

who have had extensive or severe left ventricular outflow tract ob- 

struction which cannot be relieved by other surgical techniques. Both 

experimental+> and clinical? reports indicate that the conduit relieves 

left ventricular outflow tract obstruction effectively for follow-up periods: 
of as long as 4 to 13 years. The present studies were devised to evaluate 

left ventricular function and the conduit hemodynamics in 14 patients 

after surgical placement of an apical-aortic conduit: 


Methods 


Patients: Between August 1975 and August 1979, 28 patients underwent 
operation using a valved composite conduit placed from the apex of the left 
ventricle to the supraceliac abdominal aorta for relief of left ventricular outflow 
tract obstruction (Table 1). This number represents 1.54 percent of all patients 
having operations for various forms of aortic stenosis at this institution during 
this period. The age of the patients ranged from 5 to 72 years; 10 were less than 
10 years. Eleven were female and 17 male. 

Thirteen of the 25 survivors underwent cardiac catheterization 7 days to 19 
months postoperatively (median 12 days). One patient operated on elsewhere 
by a similar technique also had a catheterization at Texas Children’s Hospital 
6 months postoperatively and is included in this report. Nine of these patients 
were male and five female; they ranged in age from 9 to 72 years. 

Operation: The operative technique has been described elsewhere.®’ Briefly, 
all patients except one were operated on with use of cardiopulmonary bypass 
and moderate systemic hypothermia (30° C). Starting in April 1977, cold cay- = 
dioplegic solution was infused into the aortic root for myocardial preservation: - 
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‘This solution was used in only one patient undergoing post- 
operative catheterization. A Dacron® conduit is anastomosed 
to the apex of the left ventricle after removal of a plug of 
myocardium, The conduit is passed through an aperture made 
in the diaphragm adjacent to the apex and anastomosed toa 
valved conduit whose distal end has been anastomosed to the 
supraceliac. abdominal aorta. The conduit contains a porcine 
xenograft valve (Hancock Laboratories, Inc., Anaheim, Cali- 
fornia). 

The Dacron conduit was anastomosed directly to a circular 
opening in the left ventricular apex in the first four patients 
= operated on; in the others, a rigid Pyrolite® (Texas Technology 

: Transfer Laboratories, Ine., Houston, Texas) or soft Hancock® 
: {Hancock Laboratories, Inc., Anaheim, California) left ven- 
< tricular apex outlet prosthesis, with an attached sewing ring, 


i = Was inserted into the distal left ventricular cavity (Table I). 


> Catheterization: Patients less than 15 years of age were 
-. sedated with meperidine hydrochloride, 1.5 mg/kg; pro- 
- methazine hydrochloride, 0.2 mg/kg; and chlorpromazine, 0.25 


- mg/kg. The-older patients received either diazepam, 10 mg 


_ intramuscularly, or no sedation. Cardiac catheterization was 
performed by the percutaneous sheath technique from the 


femoral artery and vein. Right as well as left heart catheter- 
‘ization was performed in all patients and cardiac output was 


`= determined with the indocyanine green method in seven pa- 


_y=tients. The left ventricle was entered by transseptal atrial 


puncture in two patients, retrograde by way of the aortic valve 


. STABLE | 


in six, retrograde byway of conduit in four and by way of both 
the aortic valve and conduit in two patients. The pressure 
gradient between the left ventricle and mid thoracic aorta was 
measured in the resting subject before angiography was per- 
formed. 

Biplane left ventricular cineangiography was performed 
in five patients, all children, in both anteroposterior and lat- 
eral projections and in the 30° right anterior oblique and left 
anterior oblique projections. In the other nine patients, single 
plane left ventricular angiography was performed im the 30° 
right anterior oblique projection. The amount of contrast 
material used for left ventricular angiography in the adoles- 
cents and adults ranged from 40 to 50 cc; in the children 1.25 
cc/kg body weight was used per injection. 

Left ventricular velumes were calculated from end-diastolic 
and end-systolie frames traced from the right anterior oblique 
projection using the single piane area-length method of 
Kennedy et al.* Left ventricular ejection time (LVET) and 
heart rate were calculated by counting the cine frames from 
end-diastole (the frame with the largest area) to end-systole 
(the frame with the smallest area). The longest length was 
measured from the inferior aortic anulus to the mid apex at 
the junction of the conduit and endocardium. End-diastolic 
volume. (EDV), ejection fraction, stroke index and cardiac 
index were calculated.!°.1! Mean velocity of circumferential 
fiber shortening was calculated from the normalized short- 
ening of the calculated minor axis divided by the ejection time 








(Clinical and Operative Data 
LV 
Connector 
Size 
Age {yr} Previous (mm) & 
Case & Sex Diagnosis Surgery Type* 
1 11F AVS, smali Valvotomy 0 
anulus 
2 72M ANS, caicified 0 20P 
aorta, CAD 
3 5M AVS, small 0 14H 
anulus 
4 27F AVS, small AVR 18H 
anulus, 
hemolysis 
5 18M ANS, small AVR 18H 
anulus 
6 28M ANS, calcified Valvotomy 20H 
anulus 
7 7M SVAS, AVS Aortoplasty, 0 
valvotomy 
8 15F SVAS, AVS, Aortoplasty, 0 
SbVAS valvotomy 
9 15M SVAS, AVS Aortoplasty 14H 
10 17F SVAS 0 18H 
W 20M SVAS, AVS, Vaivotomy 20H 
SbVAS 
12 36M SOVAS (?HCM) Membrane 20 P 
resection 
myotomy 
13 18F SbVAS (?7HCM) Membrane 20P 
resection 
x2 
14 9M SbVAS, AVS, Valvotomy 16H 
coarctation 
Mean 
+SD 








LV-Ao Cavity 
Gradient Obliteration 
Conduit (mam He) {% LV EDL) Conduit 
Size Flow 
mm) Pre Post Pre Post {% CO) 
14 4130 15 50 30 29 
20 60 20 NA 0 40 
16 100 20 70 50 41 
18 54 5 30 0 33 
18 100 50 0 Q 18 
20 60 40 NA 0 43 
14 105 20 0 0 44 
14 140 10 50 ie) 33 
16 160 0 0 o 41 
16 120 20 30 0 45 
20 100 30 0 6 60 
20 130 20 50 30 24 
20 110 60 56 30 16 
16 100 0 6 G 50 
100.6 22.4 36.0 


26.7 17.7 10.9 





* H = Hancock®; 0 = nore: P = pyrolite®. 


Ao = aorta; AVR = aortic valve replacement; AVS = aortic valve stesosis; CAD = coronary artery disease; CO = cardiac output; EDL = end- 
diastolic length; HCM = hypertrophic cardiomyopathy; LV = left ventricle; NA = not available; Post = postoperative: Pre = preoperative: SbVAS 
= subvalve aortic stenosis; +SD = + standard deviation; SVAS = supravalve aortic stenosis. 
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(EDD — ESD)/EDD + LVET = circumferences/s),!*!35 where 
EDD and ESD are end-diastolic and end-systolic diameter, 
respectively. Mean systolic ejection rate was calculated from 
the ejection fraction divided by left ventricular ejection time 
(EDV — ESV)/EDV + LVET,!*!3 where EDV and ESV are 
‘end-diastolic and end-systolic volume, respectively. Left 


“ventricular cavity obliteration at end-systole!4 was expressed 


as percent of end-diastolic length. 
“A visual estimate of the percent of left ventricular output 
-passing through the conduit during angiography was made by 
an observer without knowledge of the calculated conduit flows. 
The position of the catheter during angiography was noted. 
oe Angiograms also were taken in the ascending aorta in 10 
“patients and in the mid or lower thoracic aorta in 9. The aortic 
` internal ‘diameter was measured 2 cm above and below the 
“distal conduit anastomosis, and the conduit internal diameter 
was measured midway between the porcine valve and the 
-distal anastomosis. Magnification was corrected for by mea- 
suring a. 1 cm? grid filmed in the position of the left ventricle 
in the right. anterior oblique position. 

-o Velocity measurements: A catheter-tip velocity probe!® 
(Carolina Medical Electronics, North Carolina and Millar 
“Instruments, Houston, Texas) coupled to a square wave 
-electromagnetic flow meter (Carolina Medical Electronics) 
-was passed in retrograde manner from the femoral artery; 
-velocity tracings were unsuitable for measurement in one 
“patient because of excessive electric noise. The polarity of the 
© velocity catheter was set so that a positive deflection was re- 
corded when blood flowed toward the catheter tip. At end- 
diastole there was a stable baseline that represented zero flow, 
‘and any negative deflection below this baseline represented 
reversed flow away from the catheter tip. The velocity cath- 
ethers had been calibrated previously by determining the 
probe factor at which the mean velocity was equal to the cal- 
culated velocity over a range of measured flow rates from 0.1 
to 5.0 liters/min.!® The square wave. electromagnetic flow- 
meter has a range of 5.0 ml/min to 19.99 liters/min, and has 
: a frequency response that is flat to 90 hertz + 0.5 decibels. The 
flowmeter output is linearly related to blood velocity or blood 
flow (41 percent), and a previous evaluation?’ has shown the 
catheter-tip velocity probe to have a linear response to blood 
flow when measured against a cuff electromagnetic flow probe. 
The frequency response of the flow probe varies with the 
output filter in the flowmeter, and with 10 hertz filtering there 
was a 3.8 percent decrease in the amplitude of the peak phasic 
velocity between 1 and 10 hertz. There was a linear phase lag 

between 1 and 10 hertz, equal to a time lag of 20.85 ms. 
Pressure and velocity tracings were recorded on a photo- 
graphic recorder (Electronics for Medicine) at paper speeds 
of 50 and 100 mm/s. Phasic and mean blood flow velocity 
values were measured in the ascending aorta in 10 patients and 
in the distal conduit in 6. A withdrawal recording of phasic 
flow velocity was made from the upper thoracic aorta to the 
lumbar aorta below the conduit in 13 patients. The volume 
of blood flow (cc/min) was calculated from the mean flow 
velocity (cm/s) multiplied by the aortic or conduit cross-sec- 
tional area (cm?) determined from the angiographic internal 
diameter. In six patients blood velocity was measured with the 
velocity probe well within the distal conduit (Fig. 1, Patient 
1) and the conduit flow was expressed as a percent of the an- 
giographically determined left ventricular output. To deter- 
mine the conduit flow in the other seven patients, blood flow 
velocity was recorded in the descending aorta 2 em above and 
2 cm below the distal conduit anastomosis. In four of these 
patients the flow was entirely retrograde (negative deflection) 
above the conduit (Fig. 1, Patient 11). The phasic velocity 
tracings from above and below the conduit were measured 
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with planimetry to obtain the stroke volume in each area. . 
These values then were summed to obtain the conduit stroke. 


volume through the conduit. 

Three patients had a biphasic deflection recorded in the 
aorta above the conduit (Fig. 1, Patient 10). The area under 
both the negative (retrograde flow) and positive deflections 
(prograde flow) above the conduit were measured with plan- 
imetry, and the stroke volume in each direction was deter- 
mined. If the net stroke volume was in a retrograde direction 
above the conduit, it was added to the calculated stroke vol- 
ume in the aorta below the conduit; if the net flow above the 
conduit was prograde from the ascending aorta, this value was 
subtracted from the calculated stroke volume below the 


conduit to obtain the stroke volume that passed through the 


conduit. 

Zero flow baseline was established with the catheter ina 
bow! of saline solution and also in the arterial sheath where 
electric and hydraulic zero flow levels were identical. Zero flow 
was determined while the catheter was in the aorta by 
switching off the magnet. 

Systolic time intervals were measured using the velocity 
tracings from the ascending aorta and within the conduit in 
five patients. The preejection period was measured from the . 
beginning of the Q wave to the onset of ejection in the velocity”. 
tracing. The ejection period was measured from the onset-of 
ejection to the point when the velocity tracing crossed the zero =; 
flow baseline. The time required to achieve peak velocity o: 
(seconds) and peak velocity (cm/s) was measured. 


Results 


Left ventricular to aortic pressure gradient: In 
each patient there was a postoperative reduction in the 
pressure gradient between the body of the left ventricle. 
and the upper thoracic aorta (Table II). The average — 
pressure gradient was 100.6 mm Hg (range 54 to 140} 
preoperatively and 22.1 mm Hg (range 0 to 60) post- 
operatively (Fig. 2). Three patients (Cases 5, 6 and 13) 
had a residual gradient of greater than 30 mm Hg (Table 
IID; each of them had higher than average cardiac 
output that may have contributed to the higher pressure 
gradient in these patients. 
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FIGURE 1. Tracings of phasic velocity recordings in three patients 
{Cases 1, 11 and 10) showing the three types of velocity recordings 
obtained from above the conduit anastomosis and in the distal conduit. 
LV = left ventricie. 
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TABLE Il 
Postoperative Hemodynamics 
Cath: Stroke 
Days Hb LV-Ao Index Mean Mean 
Case Postop at Cath Gradient EDP EDV %N (ml/m?) Cl EF Vef SER 
1 11 8.7* 15 12 55.2 23.5 3.49 84.1 1.92 2.91 
2 12 11.5 20 6 146.0 23.0 2.03 50.5 2.1 1.86 
3 250 13.2 20 8 51.2 33.7 3.63 91.4 1.91 3.36 
4 10 12.1 5 20 74.2 36.4 3.04 76.1 1.84 2.79 
5 7 8.8 50 40 119.1 49.3 5.32 48.0 1.06 0.86 
6 7 11.9 40 15 99.9 52.5 4.20 70.5 1.35 2.44 
7 11 10.0 20 25 77.9 38.4 3.40 71.4 1.86 2.47 
8 12 10.9 10 16 75.0 39.9 3.51 76.0 1.77 3.44 
9 570 16.3 0 15 92.6 45.5 5.92 64.3 1.65 2.91 
10 12 12.8 20 8 58.8 31.8 3.30 70.5 1.50 2.56 
11 90 14.6 30 10 91.5 60.4 4.96 79.7 1.82 2.47 
12 13 11.0 20 15 79.2 39.0 3.22 75.0 2.72 3.23 
13 yi 10.7 60 20 107.8 75.3 7.21 86.0 1.77 3.13 
14 365 12.7 0 12 96.7 49.8 3.49 74.6 1.07 1.57 
Mean 11.8 22.1 15.9 87.5 42.8 4.05 72.7 1.74 2.50 
+SD 2.09 17.7 8.7 26.0 14.2 1.35 12.2 0.42 0.75 





* Patient was a Jehovah's Witness. 


Cath = postoperative cardiac catheterization; CI = cardiac index (liters/min per m°); EDP = end-diastolic pressure (mm Hg); EDV %N = end-diastolic 
volume (percent normal); EF = ejection fraction (%); Hb = hemoglobin (g/ 100 ml); LV-Ao gradient = left ventricle to aorta pressure gradient (mm 
Hg); SD = standard deviation; SER = systolic ejection rate (vol/s); SI = stroke index (ml/m?); Vcf = velocity of circumferential fiber shortening 


(circumferences/s). 


At previous operations, two patients had aortic valve 
replacement with a no. 17 Bjork valve for severe aortic 
valve stenosis with a small anulus. Postoperatively, both 
patients had severe intravascular hemolysis. In one 
patient the outflow gradient fell from 125 to 54 mm Hg 
after valve replacement in association with a chronic 
hemoglobin level of 7 to 8 g/100 ml and elevated plasma 
hemoglobin of 124 g/100 ml. After implantation of the 
conduit, the hemolysis ceased and the residual gradient 
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FIGURE 2. Left ventricle (LV) to aorta pressure gradients in 14 patients 
undergoing postoperative (P.O.) catheterization. AVS = aortic valve 
stenosis; AP = pressure gradient from left ventricle to aorta; SbVAS 
= subvalve aortic stenosis; SVAS = supravalve aortic stenosis. Mean 
preoperative (Pre op) and postoperative (Post op) pressures are signified 
by the barred circles. 


was only 5 mm Hg, 33 percent of the left ventricular 
output traversing the conduit.!7 

Patient 2 was a 72 year old man with a heavily calci- 
fied ascending aorta and aortic valve and recent onset 
of angina due to atherosclerotic coronary artery disease. 
There was a 60 mm resting pressure gradient across the 
aortic valve preoperatively. Because it was not possible 
to insert saphenous vein bypass grafts into the caleified 
ascending aorta, an apical-aortic conduit was inserted 
and two saphenous veins were anastomosed to the 
conduit below the diaphragm and passed through the 
diaphragm for connection to the left anterior descend- 
ing and left marginal coronary arteries.!® 

Left ventricular function (Table II): Left ven- 
tricular end-diastolic pressure was greater than 12 mm 
Hg in all but two of the patients who underwent cath- 
eterization within 13 days of operation; the patient with 
an end-diastolic pressure of 40 mm Hg had a pericardial 
effusion at the time of catheterization 7 days after op- 
eration. Of the four patients (Cases 3, 9, 11 and 14) who 


TABLE Ill 


Mean Hemodynamic Values in 14 Patients With a Residual 
Pressure Gradient (AP) From the Left Ventricle to Aorta 





AP >30 AP <30 

Measurement (n = 3) (n= 11) p Value 
Preop AP (mm Hg) 90 103.5 NS 
Postop AP (mm Ha) 50 14.6 <0.001 
EDV (% normal) 109 82 NS 
EDP (mm Hg) 25 13.4 <0.05 
Cl (liters/min per mê) 5.58 3.64 <0.02 
EF (%) 68 72 NS 
Mean Vcf (circumferences/s) 1.39 1.83 NS 
Mean SER (vol/s) 2.14 2.73 NS 


NS = not significant; p = probability; Postop = postoperative; preop 
= preoperative; other abbreviations as in Table Il. 
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FIGURE 3. Comparison of preoperative and postoperative hemodynamics in five patients. Stippled areas = range of normal values. Left, pump 


function variables. CI 


= cardiac index (liters/min per m?); EDP = end-diastolic pressure (mm Hg); EDV %N = end-diastolic volume (% normal); 


NS = not significant; P = probability; Post OP = postoperative; Pre OP = preoperative; SV/m? = stroke volume (cc/m?). 


underwent catheterization 8, 10, 3 and 12 months, re- 
spectively, after operation, three had a normal and one 
an elevated left ventricular and end-diastolic pressure. 
This last patient had Williams’ syndrome!® with su- 
pravalvular aortic stenosis, residual systemic hyper- 
tension and severe pulmonary branch stenosis. 

Cardiac output and stroke index were normal or el- 
evated in all patients except the patient (Case 2) who 
had coronary bypass surgery. 

Ejection fraction was greater than 64 percent in all 
but two patients. There was a slight correlation between 
ejection fraction and age (r = —0.55). The ejection phase 
indexes of contractility, mean velocity of circumferential 
fiber shortening and mean systolic ejection rate, were 
normal in all but two patients (Table II). 

Pre- and postoperative left ventricular performance 
was compared in 5 patients (Cases 3, 7, 8, 9 and 12) who 
had adequate pre- and postoperative catheterization 
and angiographic data (Fig. 3). Left ventricular function 
tended to be preserved or improved after the composite 
conduit implantation. 

Conduit flow: The flow through the conduit aver- 
aged 36 percent (range 16 to 50) of the left ventricular 
output. In three patients less than 30 percent of left 
ventricular output passed through the conduit (Fig. 
4). 

Preoperative obliteration of the left ventricular 
cavity in seven patients ranged from 30 to 70 percent 
of the end-diastolic length (Fig. 5). Two of these patients 
were considered to have hypertrophic cardiomyopathy 
as well as fibromuscular subvalvular aortic stenosis.”° 
Postoperative cavity obliteration was reduced in extent 
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FIGURE 4. Patient 1. Velocity tracings from various positions in the 
aorta. There is mild aortic regurgitation amounting to 20 percent of 
forward stroke volume (as measured by planimetry). Above the conduit, 
the velocity tracing is biphasic showing an initial negative deflection 
(retrograde flow) followed by a larger positive deflection (prograde flow). 
The flow through the conduit by direct velocity measurements was 29% 
of the left ventricular output. 
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FIGURE 5. Preoperative (PRE-OP) and postoperative (POST-OP) left 
ventricular (LV) cavity obliteration expressed as a percent of the dia- 
stolic length. 


in four patients and disappeared in three (Fig. 5). In four 
patients a rigid left ventricular connector was not in- 
serted, and the conduit was sewn directly to the apical 
ventriculotomy. One of these patients had no cavity 
obliteration before or after operation; at postoperative 
catheterization the three other patients had reduction 
of the cavity obliteration from 50 percent preoperatively 
to 30 percent in two and to 0 percent in one. There was 
no compression of the unstented Dacron conduit at the 
apical anastomosis, and the cavity obliteration occurred 
at the left ventricular apex proximal to the anasto- 
mosis. 

The four patients with persistent cavity obliteration 
postoperatively had an average conduit flow of 27.5 





percent of left ventricular output (range 16 to 41 per- 
cent) and an average left vertricle to aorta gradient of 
28.8 mm Hg (range 15 to 60). The patients who had no 
cavity obliteration after operation had an average 
conduit flow of 39 percent (p <0.1) and an average left 
ventricular gradient of 19.5 mm Hg (p <0.5). However, 
there was no statistical correlation between the extent 
of postoperative cavity obliteration and the volume of 
flow through the conduit (r = —0.37) or the residual 
gradient (r = —0.18). 

Left ventricular angiography was unreliable in es- 
timating the fraction of the left ventricular output 
passing through the conduit. When the angiographic 
catheter tip was near the apex, most of the contrast 
material appeared in the conduit. (Fig. 6). When the 
catheter tip was in the subaortic or inflow region more 
dye exited through the ascending aorta. In one patient, 
transseptal left ventriculography, with the catheter tip 
near the apex, showed an estimated conduit flow of 
about 70 percent, whereas a mid left atrial injection 
showed relatively even distribution of the contrast 
material between the ascending aorta and descending 
aorta. Blood flow calculated with use of the catheter-tip 
velocity probe was 41 percent through the conduit in 
this patient. 

Five patients had blood flow velocity recordings in 
both the ascending aorta and in the conduit distal to 
the valve. Systolic time intervals were measured at 
comparable heart rates (Table IV). There were no sig- 
nificant differences between the preejection periods, 
times to peak velocity and the ejection times in the as- 
cending aorta and conduit. 

Aortic velocity patterns: In 10 patients, blood flow 
velocity tracings were obtained in the ascending aorta 
and in 13 patients in the upper and mid thoracic aorta 


FIGURE 6. Patient 3. Lateral view of 
left ventricular cineangiogram (left) 
and left atrial cineangiogram (right) 
during ventricular systole. In A, the 
catheter tip is near the apex of the 
left ventricle and most of the con- 
trast medium exits by way of the 
conduit. In B, there is even opacifi- 
cation of the ascending aorta and 
conduit. The calculated flow through 
the conduit from velocity tracings 
was 41 percent of the left ventric- 
ular output. 
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FIGURE 7. Patient 7. Velocity and pressure recordings as the catheter is slowly pulled back from the left (L.) subclavian artery (blood flow away 
from the catheter tip) to the descending aorta below the conduit anastomosis (blood flow toward the catheter: tip). There is mostly retrograde blood 


flow from the conduit toward the aortic arch. 


and above and below the conduit anastomosis (Fig. 7). 
Seven patients had a predominantly negative velocity 
wave (retrograde flow) above the conduit and in the mid 
` thoracic aorta, whereas six patients had a positive ve- 
locity wave in the mid thoracic aorta and a negative or 
biphasic wave above the conduit (Fig. 8). Patients with 
prograde flow in the mid thoracic aorta had slightly less 
blood flow through the conduit (average 30 versus 41 
percent of left ventricular-output) and a slightly higher 
residual pressure gradient (average 27.3 versus 17.9 mm 
Hg).than those of patients with retrograde flow in the 
«mid thoracic aorta. Residual cavity obliteration was seen 
in three of the former group and in only one of the latter 
group (Fig. 8). 

Mid thoracic angiography: In nine patients an 
angiogram was performed in the mid to lower thoracic 
aorta, four vertebral bodies above the level of the con- 
duit insertion. Retrograde flow of contrast material was 
observed in all patients, to the ascending aorta in three, 


the aortic arch in one, to the level of the fifth thoracic 
vertebra in two patients and to the sixth or seventh 
thoracic vertebra in three. 

Clinical follow-up: There were three late deaths 
among the 25 survivors. One was in a 12 year old boy* 
who had bacterial endocarditis that developed on the 
porcine valve; he died 3 months postoperatively with 
diffuse sepsis and empyema. The second was in a 10 
year old girl* who had had three previous subaortic re- 
sections and two repairs of aortic coarctation. She had 
two transient cerebral ischemic episodes 6 months 
postoperatively and died of a massive cerebrovascular 
hemorrhage. At autopsy, she was found to have an ar- 
terial malformation of the right middle cerebral artery 
with extensive thrombosis. No emboli were seen in the 
brain, and there were no thrombi on the porcine valve 


* Catheterization was not performed in these two patients, and they 
are not included in the preceding patient data or tables. : 
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TABLE IV 
Comparison of Velocity Wave Forms in Ascending Aorta and Conduit 
Diameter 
fem) PEP (s) 
Case HR Ao Con Ao Con Pred Ao 
1 100 26 1.4 0.08 0.07 0.09 0.27 
4 89 26 1.8 0.09 0.09 0.097 0.26 
5 108 235 18 0.08 0.09 0.09 0.32 
ê 86 20 2.0 0.14 0.14 0.10 0.31 
9 103 14.31 16 009 0.08 0.08 0.24 
Mean 0.096 0.094 0.09 0.28 
+80 0.025 0.027 0.008 0.034 
p value NS 





Time to Peak Cardiac 
LVET {s} Velocity (s) (em/s) Output (%} 
Con Pred Ao Con Ao Con Ao Con 
0.28 0.24 0.07 0.08 179.0 147.0 71 29 
0.32 0.28 0.13 0.12 73.4 121.6 77 33 
0.26 0.23 0.13 0.11 98.9 53.4 82 18 
0.28 0.28 0.10 0.11 128.6 71.6 57 43 
0.24 0.19 0.13 0.12 48.3 46.2 59 41 
0.276 0.244 0.006 0.104 105.6 87.96 69.2 328 
0.03 0.038 0.25 0.015 50.7 44.3 10.96 10.06 
NS NS NS <0.001 





Ao = ascending aorta; Con = distal conduit; HR = heart rate (beats/min); LVET = 
p= probability; PEP = preejection period; Pred = predicted value?*: 
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left ventricular ejection time; NS = not significantly different: 


; SD = standard deviation. 
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FIGURE 8. Representative tracings of velocity wave forms in two groups 
of patients. Upper tracings, from six patients who had a positive velocity 
deflection in the mid thoracic aorta. Lower tracings, from seven patients 
who had a negative velocity deflection in the mid thoracic aorta, AV 
conduit flow = average percent of left ventricular output flowing through 
the conduit; AVAP = average pressure gradient (mm Hg) from the left 
ventricle to the aorta; cavity oblit. = number of patients with angio- 
Graphic cavity obliteration postoperatively. 


or in the left ventricle; the arterial malformation may 
have been associated with the persistent coarctation. 
In the third patient (Case 12) death occurred 3.5 years 
after operation. At autopsy, this patient had a retro- 
peritoneal hematoma attributed to a consumptive 
coagulopathy that was not thought to be related to the 
conduit. There was also partial disruption of the left 
ventricular apex fabric graft anastomosis with pseu- 
doaneurysm formation. 

No patient was given anticoagulant agents postop- 
eratively. One patient (Case 13) had thrombotic oc- 
clusion of the aortic bifurcation 3 months after opera- 
tion. The thrombus was removed surgically and war- 
farin therapy was instituted. Two months later, while 
still receiving warfarin, she had a pulmonary embolus 
during operation for tubal ligation; she eventually made 
a full recovery. 

Six children have been followed up personally by one 
of us (MRN) for 14 to 48 months postoperatively. All 
are symptomatically improved with no complications 
from the conduit. One patient has persistent premature 
ventricular complexes that were present before opera- 
tion; one patient with Williams’ syndrome has systemic 
hypertension that is well controlled with diuretic drugs 
and methyldopa. Two children have had normal 
treadmill tests. The well-being of the other patients was 
ascertained from their cardiologists. 


Discussion 


Placing a valved conduit from the apex of the left 
ventricle to the supraceliae abdominal aorta is an ef- 
fective method of reducing left ventricular outflow tract 


; “pressure gradients when traditional methods of surgical 


repair are ineffective. Only three patients had a residual 
left ventricle-to-aorta gradient of greater than 30 mm 
Hg and each had a significantly higher cardiac index and 
left ventricular end-diastolic pressure than the other 
patients as a group. It is possible that the high cardiac 
output at the time of cardiac catheterization contrib- 


uted to the higher residual gradient. None of the pa- 
tients underwent exercise testing during catheteriza- 
tion, but the pressure gradients remained reasonably 
constant 2 minutes after angiography. Reports from 
others!-36.7.15 using various forms of conduit from the 
left ventricular apex to the ascending or thoracic de- 
scending aorta have confirmed the effectiveness of this 
operation from 3 to 6 months postoperatively with good 
long-term resuits and few untoward sequelae. 

Conduit flow: Blood flow from the conduit was cal- 
culated using measurements of blood flow velocity ob- 
tained with a catheter-tip velocity probe. The velocity 
catheters were calibrated in vitro so that the recorded 
velocity was the same as the calculated velocity at a 
known blood flow. The two exits from the left ventricle 
made it impossible to calibrate the velocity recordings 
with indocyanine green cardiac output measurements 
in the patients at the time of catheterization. However, 
in vivo calibrations correlated well with calculated ve- 
locities obtained in other patients in whom simulta- 
neous velocity and cardiac output measurements were 
made (Nihill MR, unpublished data). 

Use of a velocity catheter zo measure regional blood 
flow was found to be more reliable than left ventricular 
angiography in estimating the amount of blood flow 
through the conduit. During angiography the amount 
of contrast material leaving the left ventricle by way of 
the conduit or the aorta was dependent on the position 
of the catheter tip. Left atria! or left ventricular inflow 
angiography produced a better visual estimate of blood 
flow distribution than that obtained with the angio- 
graphic catheter tip placed near the orifice of the con- 
duit. 

The hemodynamics and velocity wave forms in the 
apical conduit were identical to those in the ascending 
aorta with the same systolic time intervals and ejection 
velocity patterns. The measured systolic time intervals 
were very similar to predicted values.*4 The higher peak 
velocity in the ascending aorta was due to the jet effect 
from persistent aortic stenosis. 

The descending thoracic aertograms confirmed the 
retrograde flow of blood from the conduit toward the 
head. The degree of retrograde flow correlated well with 
the negative deflection recorded by the velocity catheter 
positioned above the distal conduit anastomosis. It has 
been shown experimentally that the conduit is able to 
sustain the entire left ventricular output when the as- 
cending aorta is clamped.* 

Cavity obliteration: Left ventricular cavity oblit- 
eration occurs in patients with various forms of left 
ventricular outflow tract ebstruction,'4 as well as in 
those with primary hypertrophic cardiomyopathy.*!)“2 
Two of the four patients (Cases 12 and 13) with residual 
cavity obliteration previously 1ad undergone resection 
of a fibromuscular ridge below the aortic valve. The 
persistent obstruction after the conduit operation was 
related to mid cavity obliteretion rather than to ob- 
struction at the subaortic area or at the conduit orifice. 
Both of these patients had lower than average flow 
through the conduit (24 and 16 percent, respectively) 
and had residual gradients of 20 and 60 mm Hg, re- 
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spectively. It is possible that these patients also had 
hypertrophic cardiomyopathy associated with fibro- 
‘muscular subaortic stenosis.23 

Although cavity obliteration was reduced in all pa- 
tients who had it before operation, the use of a left 
ventricular apex outlet prosthesis did not abolish cavity 
«obliteration. Cavity obliteration persisted postopera- 
tively in only two of the four patients in whom a rigid 
left ventricular connector was not used. In the four pa- 
tients without a stented conduit, angiography revealed 
no evidence of proximal conduit compression during 
systole, which has been assumed by others.? Long-term 
“yeevaluation with angiography and echocardiography 
will determine whether left ventricular hypertrophy and 
cavity. obliteration will continue to regress after the 
- relief of left ventricular hypertension. l 
_. Left ventricular function: Left ventricular function 
was preserved or improved in most patients after op- 
eration. Cardiac catheterization several months after 
operation would give a more accurate assessment of left 
_ ventricular function when postoperative changes have 
disappeared. Ten of the postoperative catheterizations 
were performed within 13 days of operation (median 11 
days), and it is possible that left ventricular dysfunction 
observed in some of our patients was a consequence of 
the ischemic arrest during cardiopulmonary bypass, 
together with postoperative anemia. However, when 
these patients as a group were compared with the four 
patients who underwent catheterization 3 to-18 months 
postoperatively, the only differences observed were in 
the hemoglobin level (10.84 + 1.35 versus 14.2 + 1.62 
g/100 ml, p <0.005), the residual pressure gradient (26.0 
+ 10 versus 12.5 + 15 mm Hg, p >0.2) and the left ven- 
tricular end-diastolic pressure (17.7 + 9.7 versus 11.25 
< + 4mm Hg, p >0.2). The other measured indexes of left 
ventricular function (Table II) were not significantly 
different in the early and late postoperative catheter- 
ization groups. Left ventricular function as assessed 
from the hemodynamic variables and angiography was 
normal in most patients 7 days or later after operation, 
as would be expected if there was adequate relief of the 
left ventricular outflow obstruction and the effects of 
cardiopulmonary bypass had. disappeared. %+25 

There was no apparent deleterious effect from fixing 
the apex of the left ventricle to the diaphragm, as has 
been shown in long-term studies of dogs by Sarnoff and 
Ferguson” and their co-workers. The fractionation of 
left ventricular output by ejection of blood in opposite 
directions does not appear to affect adversely the dis- 
tribution of blood flow to the body once the blood enters 
the aorta. If the cross-sectional area of the aormal left 
ventricular outflow tract is less than that of the valved 
conduit, more blood will flow through the conduit to 
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distribute the cardiac output in a normal fashion, even’ 


to vessels of the aortic arch.2” No patient had evidence =- 


of coronary or cerebral steal due to excessive flow 
through the conduit to the lower half of the bedy. 

Anticoagulant agents: No anticoagulant agents 
were used in these patients. However, we currently 
recommend that patients receiving composite conduit 
implantations be given aspirin and dipyridamole 
postoperatively. 

Follow-up: Six children (aged 5 to 18 years at the 
time of operation) have been followed up personally for 
14 to 48 months postoperatively. All have shown post- 
operative improvement in exercise tolerance and allare 
growing and developing normally. In two, a treadmill - 
exercise test revealed no evidence of left ventricular 
strain or ischemia on the electrocardiogram. 

Although the follow-up period for our patients is only 
4 years, their continued well-being and clinical stability, - 
plus the satisfactory hemodynamic status of the four 
patients who-underwent catheterization 3 months or 
later after operation, suggest that this conduit is well 
tolerated and effective over a long period. However, the 


long-term prognosis for this type of operation is not yet. 


known. It will be desirable to repeat the catheterization 
in children after puberty to determine if an increase in 
the left ventricle to aorta gradient occurs. 

Further studieS—cardiac catheterization, M mode ` 
and cross-sectional echocardiography and radionuclide 
studies—will be used to assess left ventricular function, 
wall thickness and the response of the left ventricle to 


exercise. Radionuclide studies may help to determine -< 


more accurately the amount of blood flow through the 
conduit, and serial measurements could help to deter- 
mine the optimal time for replacing the conduit valve 
in growing children. 

Conclusion: Analysis of pressure, angiographic and 
arterial velocity patterns has shown that (1) this oper- 
ation is effective in relieving severe left ventricular- 
aortic pressure gradients that are not relieved by other 
surgical techniques; (2) left ventricular function is 
preserved or improved in the early postoperative period; 
(3) blood flow is distributed normally to the body; and 
(4) the amount of blood flow through the conduit is. 
dependent on the degree of left ventricular outflow tract 
obstruction. Follow-up of some of these patients for up 
to 48 months postoperatively has shown that this op- 
eration is tolerated well and permits normal exercise 
and growth and development in children. 
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PROCAINAMIDE HYDROCHLORIDE TABLETS 


therapeutic gap exists when 


onventional oral procainamide therapy is administered 
t greater than 3 hour intervals 


Adequate blood levels maintained only 2/3 of the 
ime during a ó hour dosing interval 


Patient control may be threatened 


Standard procainamide plasma levels (at steady 
state) following oral administration of a single 750mg dose* 


Adapted from Koch-Weser J, Klein SW: Procainamide dosage schedules, plasma 
concentrations, and clinical effects. JAMA 215 (no 9): 1454-1460, March 1, 1971 


£To avoid unacceptable fluctuations 
n the plasma levels of procainamide, the oral 


reparation available at present has tobe 
given at 3 h intervals . . . .133 





Bioequivalence of PROCAN SR 
to conventional 

procainamide capsules 
demonstrated in 

multi-dose study? 
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BIOEQUIVALENCE: OF PROCAN SR 
COMPARED TO CONVENTIONAL PROCAINAMIDE 2 


| Formulated 
using a spedal 

wax matrix — permi 
Slow dissolution 








for selected cardiac 2 strengths for 


reater Flexibility 
dusrhyuthmias k 


E Cuts the dosing frequency of conventional 
oral procainamide therapy in half 


E Promotes better patient compliance 


E Helps eliminate the therapeutic gap and 





Procan™ SR 


(PROCRINAMIDE HYDROCHLORIDE TABLETS) 
SUSTRINED RELEASE 





The prolonged administration of procainamide 
often téads to the development of a positive 
antinuclear antibody (ANA) test with or without 
symptoms of lupus enythematosus-like 
syndrome, If a positive ANA titer develops, the 
benefit/risk ratio related to continued 
procainamide therapy should be assessed. This 
may necessitate consideration cf alternative 
antiarrhythmic therapy. 





DESCAIPTION 

Pracainamide hydrochloride is the amide analogue 
of procaine hydrochloride. Each tablet of Procon SR 
contains procainamide hydrochloride in a tablet 
motrix specially designed for the prolonged release 
of the drug in the gastrointestinal tract. Procan SA is 
available for oral administration as green, fiim- 

. coated tablets containing 250 mg procainamide 
hydrochloride and as yellow, film-coated tablets 
containing 500 mg procainamide hydrochloride. 


RCTION 

Pracainamide depresses the excitability of 

cardiac muscle to electrical stimulation, and stows 
conduction in the atrium, the bundle of His, and the 
ventricle, The refractory period of the atrium is 

-+ considerably more prolonged than that of the 
ventricle. Contractility of the heart is usvally not 
offected nor is cardiac output decreased to any 
‘extent unless myocardial damage exists. in the 
absence of any arrhythmic, the heart rate may 
occasionally be accelerated by conventional doses, 
suggesting that the drug possesses anticholinergic 
properties. Larger doses can induce atrioventricular 
block and ventricular extrasystoles which may 
proceed to ventricular fibrillation. These effects on 
the myocardium ore reflected in the electro- 
cardiogram; o widening of the ORS complex occurs 
most consistently: less regularly, the P-A and Q-T 
intervals are prolonged, and the ORS and T waves 
show some decrease in voltage. 


The sustained-release characteristic of Procon SR 
toblets has been demonstrated in studies in 
human subjects. A muitipie-dose study has shown 

= equivalent steady-state plasma levels of Procan SA 
tablets given every six hours when compared 
with an equal total daily dose of Pronestyi® 

-| (procainamide hydrochloride capsules, ER. Squibb 

“and Sons) given every three hours. 


-i Procainamide is less readily hydrolyzed than 
procaine, and plasma levels decline siowiy — about 
10 to 20% per hour for standard dosage forms of 
procainamide. The drug is excreted primarily in 

the urine, about 10% as free and conjugated 
p-aminobenzoic acid, and about 60% in the 
unchanged form. The fate of the remainder is 
unknown, 


INDICATIONS 

Oral procainamide is indicated in the treatment of 
premature ventricular contractions and ventricular 
tachycardia, atrial fibrillation, and paroxysmal atrial 
tachycardia. 


CONTARAINDICATIONS 

it hos been suggested that procainamide be 
contraindicated in patients with myasthenia 
gravis. Hypersensitivity to the drug is an absolute 
contraindication: in this connection, cress-sensitivity 
to procaine and related drugs must be borne In 
mind, Procainamide should not be administered to 
patients with complete atrioventricular heart block. 
Pracainamide is also contraindicated In cases of 
second-degree and third-degree A-V block unless 
an.electrical pacemaker is operative. 


PRECAUTIONS 

During administration of the drug, evidence of 
untoward myocardial responses shouldbe carefully 
watched for in oli patients. in the presence of an 
abnormal myocardium, procainamide may at times 
produce untoward responses. in atrial fibrillation or 
flutter, the ventricular rate may increase suddenly 
as the atrial rate is slowed. Adequate digitalization 
reduces, but does not-abolish, this danger. if 
myocardial damage exists, ventricular tachysystole 
is particularly hazardous. Correction of atrial 
fibrillation, with resultant forceful contrections of 
the atrium, may cause-a dislodgement of mural 
thrombi and produce an embolic episode. However. 


ithas been suggested that, in a patient whois 
already discharging emboli. procainamide is more 
likely to stop than to aggravate the process. 


Attempts to adjust the heart rate in o patient who 
has developed ventricular tachycardia during on 
occlusive coronary episode:-should be carried out 
with extreme caution. Caution is also required in 
marked disturbances of atrioventricular conduction 
such as A-V block, bundle branch block, or severe 
digitalis intoxication, where the use of procaina- 
mide may result in additional depression of 
conduction and ventricular csystele or fibrillation. 


Because patients with severe organic heart disease 
and ventricular tachycardia may also have complete 
heart block, which is difficuitto diagnose under ` 
these circumstances, this complication should 
always be kept in mind whea treating ventricular 
arrhythmias with procainamide. If the ventriadar 
rate is significantly slowed by procainamide without 
attainment of regular atrioventricular conduction, 
the drug should be stopped and the patient 
re-evaluated because osystole may result under 
these circumstances. 


in patients receiving normal dosage, but who have 
both liver and kidney diseases, symptoms of 
overdosage (principally ventricular tachycardia and 
severe hypotension) may occur due to drug 
accumulation. 


instances of a syndrome resembling lupus 
erythematosus have been reported in connection 
with maintenance procainamide therapy. The 
mechanism of this syndrome is uncertain, 
Polyarthraigia, arthritis, and pleuritic pain are 
common symptoms; to a lesser extent, fever, 
myalgia, shin lesions, pleural effusion, and 
pericarditis may occur. Rore ceses of thrombo- 
cytopenia or Coombs ’-positive hemolytic anemia 
have been reported which may be related to this 
syndrome. Patients receiving arocainamide for 
extended periods of time, or in whom symptoms 
suggestive of a lupus-like reaction appear, shouid 
have antinudear antibody titers measured at 
regular intervals. The drug should be discontinued if 
there is a rising titer (antinuclear antibody) or 
clinical symptoms of LE appear. The LE syndrome 
may be reversible upon discontinuation of the drug. 
If discontinuation of the drug does not couse 
remission of the symptoms, steroid therapy may 

be effective. if the syndrome develops in a patient 
with recurrent life-threatening arrhythmias not 
controllable by other antiarrhythmic agents, steroid 
suppressive therapy may be used concomitantly 
with procainamide. it is recommended that tests for 
lupus erythematosus be carried out at regular 
intervals in patients receiving maintenance 
procainamide therapy. 


ADVERSE REACTIONS 
Hypotension following oral administration is rare. 


Large oral doses of procainamide may sometimes 
produce anorexia, nausea, urticaria, and/or pruritus. 


A syndrome resembling lupus erythematosus has 
been reported (see PRECAUTIONS). Reactions 
consisting of fever and chills have also been 
reported, including a cose with Fever and chills 
plus nausea, vomiting, abdominal poin, acute 
hepatomegaly, and a rise in serum glutamic 
oxaloacetic transaminase following single doses of 
the drug. Bitter taste, diarrhea, weakness, mental 
depression, giddiness, and psychosis with 
hallucinations have been reported. The possidility 
of such untoward effects shouldbe borne in mind. 


Hypersensitivity reactions, such os angioneurotic 
edema and maculopapular rash have also occurred. 


Agranulocytosis has occasionally followed the 
repeated use of the drug, and deaths have 
occurred. Therefore, routine blotd counts are 
advisable during maintenance procainamide 
therapy. The patient should be iastructed to 
report any soreness of the mouth, throat, or gums. 
unexplained fever, or any symptems of upper 
respiratory tract infection. if any of these should 
occur, and leukocyte counts indicate cellular 
depression, procainamide therapy should be 
discontinued and appropriate treatment should 
be instituted immediately. 


DOSAGE AND ADMINISTRATION 

Procan SR tablets are a sustained-releose product 
form. The duration of action of precainamide 
hydrochloride supplied in this sustained-release. 
product form allows dosing at intervals of every six 


hours instead of the more frequent every three hour 
Gosing interval required for standard preparations 
of oral procainamide hydrochloride. The-convenient 
six-hour dosing schedule may encourage patient 
compliance. 


Ventricular tachycardia — Treatment with standard 
procainamide hydrochloride is recommended until 
the tachycardia is interrupted or the limit of 
tolerance is reacied. Maintenance may then be 
cantinued with Procan SR. 


The suggested dosage is as follows. An initial dose 
of 1 g of standard procainamide hydrochloride 
foliowed thereafter by a total daily dosage.of 50 
mg/kg of body weight given at three hour intervals. 
The suggested oral dosage for premoture 
ventricular contractions Is 50 mg/kg of body weight 
daily given in divided doses at three hour intervals. 


The suggested maintenance dosage of Procon SR is 
50 mg/kg of bods weight daily given in divided 
doses at six hour intervals. 


Although the dosage for each patient must be 
determined on ar individual basis, the failowing 
may be used as aguide for providing the total daily 
dosage: patients weighing less than 55 kg (720 Ib), 
0.5 g every six hours; patients weighing between 
55 and 91 kg (128 and 200 Ib), 0.75 g every six 
hours; and patients weighing over 91 kg (200 ib), 1 
g every six hours. 


Atrial fibrillation and paroxysmal atrial tachycardia 
— Treatment with standard procainamide hydro- 
chloride is recommended until the arrhythmias 
interrupted or the imit of tolerance is reached. 
Maintenance may then be. continued with 

Procan SA. 


The suggested dosage is as follows. An initial dose 
of 1.25.9 of standerd procainamide hydrochloride 
mag be followed in one hour by 0.75 g if there hove 
been no electrocardiographic changes. Standard 
ptocainamide hydrochloride may then be given at a 
dosage of 0.5 g to 1 g every two hours until 
interruption of the arrhythmia or the tolerance limit 
is reached. 


The suggested maintenance dosage for Procan SR 
is 1 g every six houss. 


If procainamide therapy is continued for agpreciable 
periods, electrocarciograms should be made 
occasionally to determine the need for the drug. 


HOW SUPPLIED 

N 0071-0202 Procan SA 250 mg. Each sustained- 
release tablet contains 250 mg procainamide 
hydrochioride. Available in botties of 100 tablets. 


N 0071-0204 Procon SA 500 mg. Each sustained- 
release, scored tablet contains 500 mg procain- 
amide hydrochloride. Available in bottles of 

100 tablets. 
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xclusive IL Cold Pack Kit- N 
Reduces risk of pyrogens i 
Puts cooled, sterile thermodilution indicator 

on tap for each patient 
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DIULO™ (metolazone) 2'/2-mg., 5-mg. and 10-mg. tablets Before prescribing, 
see complete prescribing information. The following is a brief summary: 
Indications: Diulo (metolazone) is an antihypertensive diuretic indicated for 
the management of mild to moderate essential hypertension as sole 
therapeutic agent and in the more severe forms of hypertension in 
conjunction with other antihypertensive agents. Also, edema associated 
with heart failure and renal disease. Contraindications: Anuria, hepatic 
coma or precoma; allergy or sensitivity to metolazone. Warnings: In theory, 
cross-allergy may occur in patients allergic to sulfonamide-derived drugs, 
thiazides or quinethazone. Hypokalemia may occur, and is a particular 


Azotemia and hyperuricemia may be noted or precipitated. Considerable 
potentiation may occur when given concurrently with furosemide. When 
added to other antihypertensives, the dosage of the other agents should b¢ 
reduced. Use with potassium-sparing diuretics may cause potassium 
retention and hyperkalemia. Administration to pregnant women or those o 
childbearing age requires that potential benefits be weighed against 
possible hazards to the fetus. Metolazone appears in the breast milk. Not 
recommended for pediatric use. Precautions: Perform periodic examinatio 
of serum electrolytes, BUN, uric acid, and glucose. Observe patients for 
signs of fluid or electrolyte imbalance, hyponatremia, hypochloremic 





In hypertension...the only 

24-hour acting diuretic 

that is effective even when 
kidney function is depressec 


Statistics released by the National Institute on Aging show that 
renal function decreases with age — a decline most predictable in 


middle and old age, at just the time when hypertension often 
manifests itself. Thus, at some clinically unpredictable point, the 
pharmacology of a particular diuretic may no longer match your 
patient's pathophysiology; thus, therapy may become less 
effective. Because precise evaluation of renal function is often 
impracticable in the outpatient setting, it makes sound clinical 
sense to use a diuretic that continues to be effective as kidney 


function declines. 


Works even when kidney function is depressed 


Diulo works to lower blood pressure when kidney function is 
normal and may even produce diuresis and blood pressure 
reduction in patients with glomerular filtration rates below 20 
ml/min. Through a unique secondary mode of action, it exerts an 
effect that differs from that of the thiazides or chlorthalidone. 


Provides a 24-hour duration of action 

Diulo permits a dosage regimen of one tablet a day, which 
encourages patient compliance. Furthermore, peak activity occurs 
during waking hours, minimizing the potential for nighttime 


urination. 


Searle Laboratories 

Division of Searle Pharmaceuticals Inc. 
Box 5110 

Chicago, Illinois 60680 


when there is excessive vomiting or diarrhea, or when parenteral fluids are 
administered. Patients treated with diuretics or corticosteroids are 
susceptible to potassium depletion. Caution should be observed when 
administering to patients with gout or hyperuricemia or those with severely 
impaired renal function. Insulin requirements may be affected in diabetics, 
and hyperglycemia and glycosuria may occur in latent diabetes. Chloride 
deficit and hypochloremic alkalosis may occur. Orthostatic hypotension may 
occur. Dilutional hyponatremia may occur Adverse Reactions: Constipation, 
nausea, vomiting, anorexia, diarrhea, bloating, epigastric distress, in- 
trahepatic cholestatic jaundice, hepatitis, syncope, dizziness, drowsiness, 


vertigo, headache, orthostatic hypotension, excessive volume depletion, 
hemoconcentration, venous thrombosis, palpitation, chest pain, leukopenia, 
urticaria, other skin rashes, dryness of mouth, hypokalemia, hyponatremia, 
hypochloremia, hypochloremic alkalosis, hyperuricemia, hyperglycemia, 
glycosuria, raised BUN or creatinine, fatigue, muscle cramps or spasm, 
weakness, restlessness, chills, and acute gouty attacks. Usual Initial 
Once-Daily Dosages: Mild to moderate essential hypertension —2‘2 to 

5 mg.; edema of cardiac failure —5 to 10 mg.; edema of renal disease 

5 to 20 mg. Dosage adjustment is usually necessary during the course of 
therapy. How Supplied: Tablets, 22, 5 and 10 mg.; in bottles of 100. 
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THe TRH IDSLTTH 






-A DYNAMIC, NEW CARDIOVASCULAR SYSTEM FOR 
NPROVED PATIENT MANAGEMENT FROM DEL MAR AVIONICS. 


‘AN REEL-TO-REEL, CARTRIDGE, 
? CASSETTE RECORDINGS. 
e Trendsetter handles al. 


:TECT ARRHYTHMIAS WITH 

TPARALLELED ACCURACY. 

e system's Arrhythmia Analyzer is “operator-taught" 
*ecognize each patient's unique normal and variant 
veforms, and to compare ail subsequent waveforms 
he learned patterns. The Analyzer then categorizes 
4 counts all such wavelorms——-making arrhythmia 
‘ection precise and specific for each patient. 


DUCE PROCESSING TIME 

TH NEW X240 SCANNING SPEED. 

lectable scan speeds of X240, X120 or X60 provide 
: operator with a speed-control range to assist in gen- 
iting comprehensive reports rapidly —all with com- 
te accuracy. 


ALUATE AMBULATORY ECG, BLOOD 
ESSURE, AND PACEMAKER RECORDINGS 
TH A SINGLE INTEGRATED SYSTEM. 

2 Trendsetter learns, examines, tabulates, 
iformats reports of all recorded data. 


EL MAR AVIONICS 


W Alton Avenue at Red Hill, Irvine, CA 92714 
phone (714) 549-1500 Telex 68-5621 


SELECT REPORT FORMATS TAILORED TO 

YOUR DIAGNOSTIC NEEDS. 

Select the information you require to better manage each 
patient: 

u Trend records of heart rate 

a ST segment level and blood pressure 

a 2-channel ECG documentation 


@ Hourly tabulations of ECG activity, pacemaker activity, 
and blood pressure 


m Graphic/histographic charts of recorded data 
a Any combination you predetermine 


STORE MULTIPLE PATIENT FINDINGS 

WITH INTEGRAL COMPUTER DATA 

STORAGE MODULE. 

Recorded data for up to 30 patients can be stored and 
recalled for subsequent review and formatting. 
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If the stocking you're 
using doesnt have this 


symbol 


J 


its nota TE.D Stocking 
and 
its notclinically proven. 


your hospital 
ill bring your feel- | 


more information on 
ss Of T.E.D. Stockings. 
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Contraindications: 
Stockings may not be recommended for patients with the folowng: 
1. Any local leg condition in which stockings would interfere; such as: 

a. dermatitis, 

b. vein ligation (immediate post-operative), 

c. gangrene, 

d. recent skin gratt. 
2. Severe arteriosclerosis or other ischemic vascular disease. 
3. Massive edema of legs or pulmonary edema from congestive heart failure. 
4 Extreme deformity of leg. ; 
5. For thigh length, patients with a circumference greater than 28 inches (63.5cm) 
atthe gluteal furrow. For full leg (X-S,S, M; L); patiens with a circumference of 25 
inches (63.5cm) or greater at the gluteal furrow. For full leg (X-L), patients with a 
circumference of greater thar: 32 inches (81.3cm) atthe glutecl furrow. _. 


Precautions: 
1, Proper sizing and application must be-assured, 


2. For full leg style TE.D.® Stockings, avoid interference of side panels or waistband 
with incisions, drainage tubes, catheters or other exterior devices. 


Warnings: 

Caution: Federal (U.S.A) Law restricts this device to sale by or on the order of a 

physician. 

Footnotes: 

1. Holford, C.P, “Graded Compressicn for Preventing Deep Venous Thrombosis.” 
British Medical Journal, 2: 969-970, 1976. 

2. Scurr, J.H. et al., “The Efficacy of Graduated Compression Stockings in the Preven- 
tion of Deep Vein Thrombosis.” British Journal of Surgery, 64: 271-373, 1977. 

3. Barnes, Robert W et al, “Efficacy of Graded-Compression.Antiembolism Stock- 
ings in Arai Undergoing Total Hip Arthroplasty” Clinical Orthopaedics, 132: 
61-67, 1978. 

4, Wilkins, Robert W. et al, “Elastic Steckings in the Freverittion of Pulmonary Embo!- 
ism: A Preliminary Report.” New England Journal of Medicine, 246: 360-364, 
1952. : 

5. Wilkins, Robert W. & Stanton, Joseph R., “Elastic Stockings in the Prevention of Pul- 
monary Embolism II. A Progress Report.” New England Journal of Medicine, 
246: 1087-1090, 1953. 
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How to Keep Up 
with the Most 
Recent Advances 
in Your Specialty 


in the Comfort of Your Home or Office 





LE a 
a @ og a UPDATE 7 3: 


KIVAR COVER 
EDI 
TED gy Lila A. Wallis, MD FACP 


This new book is designed for the busy physician who finds it difficult 
to keep up with the growing literature in his profession. Up until now 
the only way this could be done was to attend such conferences as the 
highly acclaimed Update Your Medicine sponsored by New York 
Hospital, Cornell Medical Center. These programs were developed to 
prepare doctors for Recertification despite heavy work loads. 





The 16 Lectures are Presented in Compact 
Workbook Style for Quick Reading and 
Easy Comprehension: 


1. Update Your Endocrinology |: 
Thyroid & Gonad 
2. Update Your Endocrinology II: 
Hypothalamus and Anterior Pituitary 
3. Update Your Cardiology 
Update Your Gastroenterology: 
Chronic Active Hepatitis 
5. Update Your Gastroenterology: 
GI Hormones 
6. Nephrology: Renal Physiology and 
Diuretic Therapy 
7. Recent Advances in Cancer 
8. 
9. 


AMA Physician’s 
Recognition Award 


CORNELL MEDICAL UP- 
DATE | has been ap- 
proved for Category 1 
credit towards the AMA's 
Physician's Recognition 
Award for Continuing Med- 
ical Education. Full details 


> 


on how to apply for credit 
Is included with every 
copy. 


Chemotherapy 
Read it for 30 days—FREE . Compendium of Antineoplastic Agents 
Use it to check any prob- . Update Your Immunology: 
lems which come up in your ; Hypersensitivity States 
practice throughout a full : 10. Update-Your Immunology: 
month. Then keep the book . 3 Wd ae Sel etn of Asthma 
3 $ P 3 . Advances in Neurology 
any sport it ne 12. Update Your Radiology: Angiography of 
3 the GI Tract in Management of Acute 


simply return it and owe Arterial Bleeding 








nothing. You have nothing to : 13. Update Your Radiology: Sonography of 
lose and a whole world of : the Abdomen 
valuable life-Saving knowl- : 14. Recent Advances in Diabetes Mellitus 
edge to gain. Order right : and Hypoglycemia 
now! : 15. Evaluation of the Program by the Reader 
| : 16. Evaluation of the Reader—for the AMA 
° Physician's Recognition Award Credits 





Yorke Medical Books 

666 Fifth Ave., New York, NY 10019 

YES! Please send me a copy of CORNELL MEDICAL UPDATE 
| at $32.00. | may use the book for 30 days and if not com- 
pletely satisfied, return it for full credit or refund. 

(J Payment enclosed, publisher pays shipping cost 

O Bill me, plus cost of shipping 
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The Amerec System. 
We can't promise your patients 
goodhealth, but we can 
help them along the way. 


The Amerec Tunturi Ergometer is an 
ergonomically accurate precision instru- 
ment as well as a durable exercise cycle — 
with balanced flywheel, disc brakes, 
infinitely variable tension adjustment, 
and combination tachometer/odometer. 
Physician, therapist and patient alike all 
know just exactly how much exercise is 
being performed. The Ergometer together 
with Amerec’s ERM-101—a lightweight, 
easy-to-read, heart-rate monitor that 
attaches to arm, body, or exercise 
machine—becomes the remarkable 
Amerec System for prescribed programs 
of physical therapy, cardiotherapy, and 
aerobic training. Home exercise con- 
venience and protection utilizing the 
accuracy of calibrated fitness equipment 
and precision electronics. 





For more 
information 
or the 
location of 
your nearest 
Amerec dealer, 
write Amerec, 
Box 3825, Bellevue, Washington 98009 

or call toll-free 


1-800-426-0858 
AMEREC 
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Combipres.: 
Today and 
Tomorrow 





well tolerated_..\, 9% of 484 patients, 
in 16 Clinical trials, definitely or probably dropped out 
due to side effects 
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Effective control in (mild to moderate) hypertension 
usually with just 2 or 3 tablets daily. 

Low incidence of depression, and orthostatic 
hypotension. * 

The most common side effects are dry mouth, 
drowsiness, and sedation, which generally tend to dim- 
inish with time. As with other antihypertensives contain- 
ing diuretic agents, hypokalemia, hyperuricemia, and 
hyperglycemia may occur. Drowsiness and sedation 
may be alleviated by giving the larger portion of the 
divided dose at bedtime.?:? 

Convenient morning and bedtime dosage 
scheduling. 


ombipres 


Each tablet contains: Catapres* (clonidine HCI) 
1 or 0.2 mg, and chiorthalidone. 15 mg Jj and 2 


HYPERTENSION 


Combipres is not indicated for initial therapy. It is for patients :e- 
sponsive to its components given separately in equivalent dosages 
Please see brief summary of the prescribing information on the last 
page of this ad for warnings, precautions, and adverse reactions 
*Orthostatic hypotension has been reported with chlorthalidone and 


may be potentiated when chlorthalidone is combined with alcohol, 
barbiturates, or narcotics 








Combipres'' is 


e HCl) 


tablet contains Catapres* 


O1or02mg. a 





chlorthalidone. 15 mg 


Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 


resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant. 
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Ten healthy adult mongrel dogs were subjected to two stage occlusions — 
of the mid or distal left anterior descending coronary artery modified by- 
a reperfusion stage. In 9 of 10 animals studied at 3 or more days after 
coronary occlusion, sustained reentrant ventricular tachyarrhythmias 
could be reproducibly initiated or terminated, or both, using routine 
methods of programmed electric stimulation. Plunge electrodes were 
inserted at multiple subepicardial, intramyocardial and subendocardial 
sites from areas of normal and infarcted myocardium to evaluate elec- ~ 
trophysiologic properties of excitability and refractoriness. With use of- 
constant current unipolar cathodal stimulation, strength-interval curves — 
were measured at these sites and correlated with regional histopathologic 
findings. In this model, infarcts were mottled, with close interspersing of | 
normal and abnormal myocardium. Although excitability thresholds and 
refractoriness tended to increase within areas of infarction, marked 
disparities in excitability thresholds, effective and relative refractory 
periods and duration of relative refractory periods (relative minus effective 
refractory period) were observed within areas of infarction at sites only 
1 to 2 mm apart anatomically. This milieu of anatomic and electrophysi- 
ologic heterogeneity is apparently sufficient to predispose to the initiation 
of sustained reentrant ventricular tachyarhytinas, ; 


Clinical and basic electrophysiologic studies!’ have suggested that 
reentry may be one of the mechanisms responsible for the susceptibility — 
to ventricular tachyarrhythmias and ventricular fibrillation in the setting 
of both acute myocardial ischemia and chronic infarction, +? Several — 
investigators!*-!5 have recently reported that sustained. ventricular 
tachyarrhythmias can be reproducibly initiated in dogs 3 to 5 days after 
coronary arterial occlusion and reperfusion using routine methods. of 
programmed electric stimulation. This report describes the results of 
detailed electrophysiologic studies in one of these models. We have - 
evaluated regional excitability and refractoriness in this model and have 
correlated electrophysiologic data with histopathologic findings te 
characterize better those properties predisposing to inducible sustained 
ventricular tachyarrhythmias. 


Methods 


Study animals: Studies were performed on 12 healthy adult mongrel dogs 
weighing 8 to 16 kg. Animals were anesthetized with intravenous sodium pen- 
tobarbitol (30 mg/kg body weight) and then ventilated with room air through: 
a cuffed pharyngeotracheal tube using a volume-cycled positive pressure res: -. 
pirator. Body temperature was maintained with a thermal mattress. With sterile 
procedures the heart was exposed through a limited (less than 4 em) left thora- 
cotomy at the fourth left intercostal space, the pericardium opened and a peri i 
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cardial sling created. In 10 animals the left anterior descending 
coronary artery was occluded by the Harris two stage prace- 
dure: partial occlusion for 30 minutes and then complete oc- 
clusion.!* In four of these animals the left anterior descending 
coronary was occluded distal to the first large diagonal branch 
1 to 2 cm from its origin; in one animal distal to the second of 
three diagonal branches; and in the other five animals the left 
coronary artery was occluded distal to all diagonal branches 
at the termination of its course, near the left ventricular apex. 
In each of these 10 animals ligatures were then released 2 
hours after complete occlusion.!*-5 Reestablishment of pul- 
satile arterial blood flow distal to the site of occlusion was 
evident in each case. Five minutes before release of the lig- 
atures; the animals were pretreated with a bolus injection of 
intravenous lidocaine (2 mg/kg) and 5 minutes after ligature 
release with a second lidocaine bolus dose (1 mg/kg). There 
were no episodes of vertricular fibrillation associated with 
ligature release in animals pretreated in this manner. Two 
sham-operated control animals underwent identical proce- 
dures except that ligatures were placed nonocclusively. 

Experimental procedures: The chests were closed and 
routine postoperative care was administered including pro- 
phylactic antibiotic therapy (with either penicillin or cefazolin 
plus streptomycin, both intramuscularly). At 3 to 8 days after 
initial occlusion, when the animals were in otherwise clinically 
stable condition and the accelerated ventricular arrhythmias 
of the first 24 to 48 hours had subsided, they were anesthetized 
with sodium pentobarbital (10 mg/kg) plus diazepam (1 to 2 
mg/kg), each intravenously. Ventilation and body temperature 
were maintained as before, and the heart was exposed through 
a left lateral thoracotomy. In selected experiments arterial 
pressure was monitored by cannulation of the carotid or 
femoral artery. With use of 23 gauge needles, Teflon®-coated 
stainless steel plunge (hook) wire electrodes (0.10 mm in di- 
ameter) were placed in multiple subepicardial, intramyocar- 
dial and subendocardial sites within areas of both normal and 
infarcted myocardium. The plunge electrodes were insulated 
except at the tip. Either unipolar or bipolar electrograms, or 
both, were recorded at 5 to 15 sites per animal at filter settings 
of 40 to 1,000 hertz. Routine methods of programmed electric 
stimulation (see later) were performed using unipolar cathodal 
stimulation to determine whether sustained ventricular 
tachyarrhythmias could be induced. Rectangular cathodal 
current pulses of 2 ms duration were delivered by a constant 
current source that was continuously variable from 0 to 10 mA, 
The indifferent anode was a stainless steel rib spreader having 
an approximately 8 cm? surface in contact with the chest wall. 
Programmed electric stimulation was performed using a 
custom-designed digital stimulator. 

Protocol of programmed electric stimulation: To 
evaluate the propensity to sustained ventricular tachyar- 
rhythmias, ventricular extrastimuli were introduced during 
ventricular pacing using unipolar cathodal stimulation. Both 
basic drive pacing and extrastimuli were applied at the same 
ventricular site using constant current pulses twice diastolic 

- threshold. This propensity to arrhythmogenesis was evaluated 
at multiple sites in each animal because the site of stimulation 
influenced susceptibility. Scanning of diastole was initiated 
with the introduction of a single ventricular extrastimulus 
after eight paced beats, at a basic cycle length of 300 ms. In 
animals with less than 1:1 retrograde ventriculoatrial con- 
duction during drive ventricular pacing, left atrial pacing was 
done simultaneously during the drive pacing to prevent in- 
terference by supraventricular beats. If a sustained ventricular 
tachyarrhythmia was not elicited, double and, if necessary, 
triple ventricular extrastimuli were then introduced during 
ventricular pacing. In addition, rapid ventricular pacing for 


15 to 30 seconds (cycle lengths 200 ms or less) was also used 
to attempt initiation of a sustained ventricular tachyar- 
rhythmia if triple ventricular extrastimuli were not successful. 
After ventricular tachyarrhythmia was induced, random 
ventricular pacing or programmed single or double ventricular 
extrastimuli were introduced in an attempt to terminate 
ventricular tachycardia. In animals with ventricular tachy- 
arrhythmia causing rapid hemodynamic deterioration, direct 
countershock (10 to 40 watt seconds) was applied if a burst of 
rapid ventricular pacing was not successful in terminating the 
arrhythmia. “Sustained” was defined as more than 1 minute 
of ventricular tachyeardia or nonself-terminating ventricular 
flutter or fibrillation. 

Measurements of excitability and refractoriness: With 
use of unipolar cathodal stimulation, thresholds for excita- 
bility were determined at each electrode site. Strength-in- 
terval curves were constructed by the following method!?-!®; 
An extrastimulus (So) was introduced in late diastole at the 
minimal milliamperage for eliciting a ventricular response (V2) 
after eight paced beats at a basic cycle length of 300 ms. The 
current for the paced beats was held constant throughout the 
determination at twice the minimal diastolic threshold for 
excitability. The coupling interval of Sp was then decreased 
in 1 to 2 ms steps until Se failed to-elicit a V2. When Se failed 
to elicit a Vy the milliamperage of S2 was then increased in- 
erementally until a Və was elicited, and the coupling interval 
decreased until Se again failed to elicit a Vo. This sequence was 
repeated until an effective refractory period was reached or 
until a maximum of 10 mA. 

The effective refractory pericd, therefore, was defined as 
the longest S,;-Sz interval failing to elicit a Vz. In order to 
verify their configuration and reproducibility, strength-in- 
terval curves were also construeted at representative sites 
using a second methed!?-!9: The minimal milliamperage re- 
quired to elicit a response at each of multiple coupling inter- 
vals in diastole was determined independently rather than 
shortening the coupling interval te refractoriness at each given 
current intensity. This was done by first setting the coupling 
interval for Sz then increasing the current from zero to the 
minimal current required for eliciting a Vz at that coupling 
interval. l 

The relative refractory period was defined as the longest 
coupling interval along the strength-interval curve at which 
the current required to evoke a response (V2) increased above 
the diastolic excitability threshold by greater than 0.025 mA 
fer a 1 ms change in coupling interval. This criterion was 
chesen to provide adequate reselution and consistency in 
determing the longest coupling interval that showed an in- 
creased threshold current requirement for stimulation. The 
duration of the relative refractory period was defined as the 
difference between the relative refractory period and the ef- 
fective refractory period (that is, the relative minus the ef- 
fective refractory period). 

Properties of (1) threshold for excitability (that is, minimal 
current eliciting a Vz at any long coupling interval); (2) ef- 
fective refractory period; (3) relative refractory period; and 
(4) the duration of the relative refractory period were deter- 
mined for multiple subendocardial, intramyocardial and 
subepicardial sites from within the area of infarction and from 
multiple sites within normal control areas in each animal. 
Electrophysiologic properties at multiple sites were reevalu- 
ated throughout the study, both before and after all inter- 
ventions (including countershock) to validate the stability ol 
measurements at different sites over time. Unipolar cathoda: 
stimulation was done in the present study specifically to avoid 
the complex curves characteristic of anodal and bipolar 
stimulation.!7-!9 
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After electrophysiologic studies were completed the ani- 
mals were killed with plunge electrodes in place. Plunge 
-electrode positions were confirmed at postmortem examina- 

tion. Infarct size was estimated by inspection using 1 to 2mm 
« thick slices of myocardium. Hearts were then thin-sectioned 
and histopathologic staining was performed using either 
hematoxylin-eosin, trichrome or nitroblue tetrazolium. His- 
topathologic findings were then correlated with local elec- 
trophysiologic properties. 
All experiments conformed with the “Guiding Principles 
in the Care of Animals” approved by the Council of the 
American Physiological Society-and with the Animal Care 
- Policy of the University of Pennsylvania. 
~ Statistics: Electrophysiologic data were analyzed using t 
tests of paired samples. Data from areas of infarcted myo- 


: cardium were compared in each case with measurements from 


--4the normal (control) areas in the same animal, and the dif- 
‘ferences between the means of paired samples were deter- 
--omined for the excitability thresholds, effective refractory 
“periods, relative refractory periods and the duration of relative 
-refractory periods. Pooled data were also analyzed using a 
comparison of means. 


Results 


-o With use of routine methods of programmed electric 
- stimulation,®*!°-!? 9 of 10 animals with experimental 
coronary occlusion had reproducibly sustained ven- 
tricular tachyarrhythmias. During ventricular pacing 
at a basic cycle length of 300 ms, 4 animals manifested 
ventricular tachycardia (cycle length 150 ms or greater), 
ventricular flutter (eyele length 90 to 130 ms) or ven- 
tricular fibrillation, or both, after a single ventricular 
extrastimulus (Fig. 1). In three animals two ventricular 
extrastimull were required, and in two animals three 
ventricular extrastimuli were necessary to induce sus- 
tained ventricular tachyarrhythmias. In two sham- 
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operated control animals and in one animal with a distal 
occlusion of the left anterior decending coronary artery 
no reproducible arrhythmias were induced by either: 
single or multiple ventricular extrastimuli or by rapid 
ventricular pacing at a cycle length of less than 200 
ms. 

In the four animals with inducible sustained ven- 
tricular tachycardia (cycle lengths of 150 to 280 ms), this 
arrhythmia was tolerated hemodynamically and could 
be terminated by either programmed. ventricular 
stimulation (two animals) or with rapid ventricular: 
pacing (two animals). 

Electrophysiologic data (Table I): Excitability 
thresholds, effective refractory periods, relative re- 
fractory periods and duration of relative refractory: 
periods were measured in 10-study animals at a total of 
43 normal left ventricular sites including 19 subepi-: 
cardial, 14 intramyocardial and 10 subendocardial sites. 
Normal (control) sites were chosen from myocardium 
in the distribution of nonoccluded vessels at 2 or more- 
em from any apparent area of infarction in the in vivo 
beating heart. Sites within areas designated as “area of ` 
infarction” were those in the direct distribution of oc- 
cluded vessels. These areas were variously akinetic andi 
discolored and- they had a wood-like indurated consis- 
tency to palpation. Clearly. demarcated areas of in- 
farction were not always apparent on examination of the 
in vivo beating heart. 

Although within individual animals the ranges of 
excitability threshold, effective refractory period, rel- 
ative refractory period and duration of relative refrac- 
tory period measurements at different normal sites were _ 
relatively narrow, greater variations were observed when 
the electrophysiologic data: from normal sites were 
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l FIGURE 1. Analog records demonstrating the initiation (left) and termination (right) of sustained ventricular tachycardia (V1). Left, surface electro- 

_ tardiographic lead Il (L2) and unipolar plunge electrode recordings from multiple left ventricular sites (S; — Ss) from within the area of infarction 
are displayed as well as time lines. At a left ventricular pacing cycle iength of 300 ms (LV pace, arrows) a single ventricular extrastimulus (VES) 
ata coupling interval of 170 ms reproducibly initiated sustained ventricular tachycardia at a cycie length (CL) of 250 ms. Right, 1 minute after the — 
records in the left panel were obtained, random left ventricular pacing (arrows) was begun at a cycle length of 500 ms and the ventricular tachycardia: 
was terminated. : 
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TABLE I 
-Summary of Electrophysioiogic Data (range and mean + standard deviation) 
no. ET(mA) 
oo. Normal sites 
Subendocardial 19 0.02-0.12; 
0.07 + 0.03 
intramyocardial 14 0.03-0. 14; 
0.06 + 0.03 
Subepicardial 10 0.04-0.24; 
0.09 + 0.06 
Total 43 0.02-0.24; 
0.07 + 0.04 
infarct sites 
Subendocardial 12 0.02-1.94; 
0.43 + 0.60 
p value (vs. normal = 0.05 
subendocardial) 
intramyocardial 15 0.06-3.45; 
0.71 + 0.76 
p value (vs. normal <0.05* 
intramyocardial) 
Subepicardial 11 0.04-0.90; 
0.63 + 97 
p value (vs. normal = 0.07" 
subepicardial) 
Total 38 0.02-3.45; 
0.59 + 0.76 
p value (vs. 43 normal <0.001 
sites) 














ERP (ms} RRP ims) D-RRP (ms) 
111-148; 124-166; 5-25; 

130 + 12 147 + 13 17+5 
111-153; 125-168; 12~23; 

132 + 14 150 + 12 18+ 4 
108-152; 122-170, 6-24; 

137 + 12 ` 184 t15 17+7 
109-153; 122-170; 5-25; 

132 + 13 149 + 13 W+:sd 
430-183; 147-266; 10-93; 

156 + 18 199 + 40 34 + 24 
<0.0001 <0.0001 <0.02 
105-230; 116-283; 7-78; 

156 + 27 186 + 43 30 + 20 
<0.01 <0.005 <0.01 
102-228; 172-282; 29-81; 

162 + 39 212 + 37 5116 
<0.05 <0.0C01 <0.0001 
102-230; 116-283; 7-93; 

158 + 27 195 + 41 37 + 23 
<0.0001 <0.0001 <0.0001 





* Does not include completely inexcitable sites. D-RRP = duration of refractory period = (RRP minus ERP); ERP = effective refractory period; 
ET = threshold for excitability, n = number of sites; RRP = relative refractory period. 


compared among different animals. However, these 
differences were taken into account in our analysis of 
electrophysiologic data by using t tests for paired 
+ samples within individual animals (for example, normal 
subendocardium versus infarct subendocardium). 
Pooled data are also summarized in Table I. There were 
` no significant differences (p >0.10) observed in any of 
the variables of excitability or refractoriness in com- 
paring normal sites from the subepicardial, intramyo- 
cardial or subendocardial layers. 

Table I also lists in detail the ranges and mean val- 
ues for the excitability thresholds and refractory pe- 
X riod measurements for 38 sites from within the areas 
of infarction in the 10 study animals. Significant in- 
creases in excitability thresholds and refractoriness were 
observed when sites within areas of infarction were 
compared with normal control sites. Data were analyzed 
separately for all subendocardial, intramyocardial and 
subepicardial sites in each animal. These differences 
were greatest for measurements of effective refractory 
periods, relative refractory periods and duration of 
relative refractory periods but were less consistently 

abnormal with respect to determinations of minimal 
thresholds for excitability. In each of the nine animals 
< with inducible ventricular tachyarrhythmias there was 

` marked heterogeneity of the electrophysiologic data 
obtained from different sites within the area of infarc- 
tion. This heterogeneity was reflected within each ani- 
mal by the wide range of refractory period and excita- 
bility threshold measurements, and statistically by large 
coefficients of variation (that is, large standard devia- 
tions compared with their means = standard devia- 
tion/mean X 100) for the values recorded from the areas 
of infarction. In addition, in individual animals sites 


were studied that were compietely inexcitable. In the 
one animal that had undergone the occlusion procedure 
but had no inducible sustained ventricular tachyar- 
rhythmias this heterogeneity of electrophysiologic 
properties was not cbserved. 

Although a comparison of means confirmed signifi- 
cant differences for electrophysiologic data from areas 
of infarction compared with normal control areas, there 
was considerable overlap in the measurements from 
normal and infarcted areas (Table I). This electro- 
physiologic heterogeneity was apparent within all three 
“layers”: subendocardium, intramyocardium and 
subepicardium. However, the degree of heterogeneity 
among these different layers was not distinguishable 
statistically. 

Anatomic findings (histopathology): In two 
sham-operated control animals local epicardial tissue 
trauma was evident adjacent to the sites where the 
nonocclusive sutures had been placed temporarily. No 
other injury was apparent. In each of the 10 animals 
subjected to occlusion and reperfusion of the left ante- 
rior descending coronary artery, “mottled” infarction 
was present with close interspersing of areas of normal 
and abnormal myocardium. Ir general, there was a 
tendency to mild (1 mm or less} subepicardial sparing 
but there was no consistent gradient of injury from one 
layer to the next. Histopathologic staining and micro- 
scopic examination confirmed marked interspersing of 
normal, abnorma, necrotic and hemorrhagic myocar- 
dium; mononuclear cell infiltration and increased tri- 
chrome-connective tissue staining were consistent with 
subacute and chrenic tissue injury (Fig. 2). Increased 
interstitial hemorrhage and intracellular, granular 
ealcium deposition were also observed, typical of re- 
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FIGURE 2. Histopathologic findings. Photomicrographs 
of hematoxylin-eosin-stained sections from a 7 day old 
infarct. Top, an intramyocardial segment demonstrating 
marked interspersing of normal (N) and abnormal (I) 
myocardium, with islands of apparently normal myo- 
cardium surviving even within areas of marked necrosis. 
Horizontal bar indicates 300 u. (X30, reduced by 38 
percent.) Center, another intramyocardial segment 
demonstrating less dense mottling, but with islands of 
infarcted necrotic myocardium (l) suspended within areas 
of otherwise normal myocardium (N). Horizontal bar in- 
dicates 200 u. (X50, reduced by 38 percent.) Bottom, an 
island of normal (N) myocardium from within an area of 
otherwise dense infarction (I), similar to that in top panel. 
Note the well defined membranes, intercalated discs, 
normal striations and nuclei. Horizontal bar indicates 40 
H. (X400, reduced by 38 percent.) 
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perfusion injury. Of note, islands of normal tissue, 1 to 


2 mm?, were often architecturally intact even within 
areas of the most dense infarction. In each of the 10 
- animals subjected to coronary occlusion and in both 
-sham-operated control animals, sites designated as 
“normal in vivo were confirmed histopathologically. 
Electrophysiologic correlates: Electrophysiologic 
properties determined in normal control anatomic areas 
were normal in each case. Electrophysiologic properties 
evaluated in-areas within the infarction but later de- 
termined to be normal anatomically were also normal. 
Electrophysiologic measurements from anatomically 
abnormal and necrotic areas only 1 to 2 mm distant were 
often markedly abnormal (Fig. 3). Because the mottled 
islands were often less than a millimeter in diameter, 
more precise correlation of histopathologic findings to 
plunge electrode positions was not possible. In three 
animals there was no gross evidence of infarction in vivo 
96 hours after distal left coronary artery occlusion. In 
two of these animals sustained ventricular tachyar- 
rhythmias were induced reproducibly with single or 
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double ventricular extrastimuli; postmortem exami- 
nation revealed multiple 1 ta 3 mm? islands of abnormal 
tissue interspersed within an area of 1 cm? in one animal 
and within an area of 1.5 cm? in the ether. In the third 
animal there were no inducible ventricular arrhythmias; 
postmortem examination revealed 5 punctate necrotic 
areas, each approximately 1 mm?, dispersed over a 6 cm? 
area in the distribution of the occluded left coronary 
artery, Apparently a large circumflex marginal vessel 
coursing to the apex and anastomosing with the distal 
left anterior descending coronary was sufficient to ac- 
count for the low density of infarcted myocardium in the 
area distal to the occlusion. 

Consistently, in each animal studied, all electro- 
physiologic measurements of excitability and refrac- 
toriness were remarkably reproducible and similar 
throughout the study using either technique of deter- 
mining strength-interval.curves (see Methods). Re- 
fractory periods were reproducible to within 1 to 2 ms 
after hours of study and in several animals measure- 
ments remained consistent even after multiple defi- 
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FIGURE 3. Strength-interval curves from normal and infarcted myocardium. Refractoriness (coupling interval) in me is plotted versus current (in 
mA} required to elicit a response at that coupling interval. Curves were constructed as described in the text. The curve derived from measurements 
at site. 7 (closed circles) was typical. of normal myocardium. Site 1 was intramyocardial in the distribution of a. nonoccluded vessel. At this site the 
= excitability threshold is 0.06 mA, the effective refractory period 156 ms, the relative refractory period 172 ms (arrow) and duration of relative refractory 

“period 16 ms: Site 2 (open squares) was intramyocardial from within an area of infarction. All measurements of excitability were mildly abnormal: 

excitability threshold 0.56 mA; effective refractory period 172 ms, relative refractory period 220 ms (arrow) and duration of relative refractory 
period 48 ms: Site 3 (closed triangles) was intramyocardial from within an area of infarction only 1 to 2 mm distant from site 2 and eiectrophysiologic 
measurements were markedly abnormal: excitability threshold 3.45 mA; effective refractory period 230 ms, relative refractory period 283:ms.(arrow) 
and duration of relative refractory period 53 ms. Note that refractoriness at twice the minimal diastolic excitability threshold would intersect the. 
strength-interval curve along that portion where small changes in current wouid result in relatively large changes in measurements 3f refractoriness 


(coupling interval). 
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brillations. Measurements of thresholds of excitability 
were stable to within + 0.02 mA. In addition, one animal 
was studied serially on days 3, 5, 6 and 8 after occlusion 
using ene right and one left ventricular sewn-on epi- 
cardial pentapolar plaque electrode. With use of these 
‘limited sites, refractory period measurements remained 
stable to within 5 ms as did the coupling intervals re- 
quired for initiation of ventricular tachyarrhythmias. 
In all other animals with inducible ventricular tachy- 
arrhythmias, modes of initiation remained stable during 
the hours of study. 


Discussion 


This study presents detailed in vivo electrophysio- 
logic data in a long-term dog model susceptible to sus- 
_ tained ventricular tachyarrhythmias. Nine of 10 animals 
surviving two stage occlusion and then reperfusion of 
the mid or distal left anterior descending coronary ar- 
tery had reproducible, inducible, sustained ventricular 
tachyarrhythmias using routine methods of pro- 
grammed electric stimulation when studied 3 to 8 days 
after occlusion. Previously reported experimental and 
clinical studies have provided strong evidence that the 
ventricular arrhythmias inducible by these methods of 
programmed electric stimulation are reentrant in 
mechanism and are less likely to be related to triggered 
automaticity or to other mechanisms.3>~!2,20.21 

Electrophysiologic and histologic correlates: 
Extensive electrophysiologic data were obtained in vivo 
in this model of long-term infarction. Most striking was 
the marked heterogeneity of measurements of excita- 
bility and refractoriness from sites in close proximity 
within areas of infarction. Sites indistinguishable from 
normal and others mildly, moderately and severely 
abnormal were juxtaposed within millimeters of each 
other. Strength-interval curves were constructed and 
revealed marked prolongation in relative refractory 
period and in the duration of relative refractory period 
measurements, even at sites where effective refractory 
period and excitability threshold determinations were 
normal or only mildly abnormal. Postmortem histo- 
pathologic examination revealed an anatomic basis for 
these greatly disparate electrophysiologic properties 
within areas of infarction. Infarcts were mottled with 
close interspersing of normal and abnormal myocar- 
dium throughout the subepicardial, intramyocardial 
and subendocardial layers with only mild subepicardial 
sparing. 

The inflections and prolongation in relative refractory 
periods and duration of relative refractory periods in the 
abnormal strength-interval curves (Fig. 3) may be ex- 
plained by a recruitment phenomenon. In normal 

_ muscle where excitability and refractoriness are more 
homegeneous in a given region, strength-interval curves 
determined by extracellular stimulation techniques 
would be expected to reflect this homogeneity. In the 
mottled milieu of the infarcts, as current intensity is 
increased during determination of strength-interval 
curves, tissue may be brought to threshold at a distance 
from the electrode site with properties of excitability 
and refractoriness different from those near the elec- 
trode. The strength-interval curve would reflect this 


recruitment by exhibiting inflections and widening of 
the curve between the effective and relative refractory. 
periods. Further analysis of the complex strength-in- 
terval curves constructed from abnormal areas also 
suggests possible limitations in interpreting data ob- 
tained only at twice diastolic excitability threshold (Fig. 
3) $ 


Facilitation of sustained ventricular tachyar- 
rhythmias: The relation between the abnormal 
strength-interval curves and the tachyarrhythmias in 
these animals is less clear. Excitability determined by 
extracellular stimulation represents a minimal value for 
a mass of tissue in the region of the electrode. This value 
is determined not only by the intrinsic excitability of 
cells but also by the density of depolarizing current 
across cell membranes, which is a function of their dis- 
tance from the electrode as well as of the tissue con- 
ductivity. Very little can be deduced about how anim- 
pulse will conduct through an area by analyzing the- 
extracellular strength-interval curves obtained from 
that area. However, the marked disparity among ef- 
fective refractory periods obtained in close proximity 
does suggest that in relatively small areas of myocar- 
dium a premature beat may conduct in one region and 
be blocked in an adjacent region. This would be a pre- 
requisite for the occurrence of “microreentry.” The 
prolongation of the relative refractory period and in- 
creased excitability threshold in abnormal regions may 
be reflecting a decreased intrinsic excitability of cells 
in these areas at this time. Because cell excitability is 
one of the determinants of conduction velocity there 
may be local slowing of conduction velocity in these 
areas that would also predispose to ‘‘micro- 
reentry” 22:23 

Our data verify that in this model heterogeneous 
histologic findings are accompanied by heterogeneous 
electrophysiologic properties and that these hearts are 
susceptible to sustained ventricular tachyarrhythmias. 
In the one animal with no inducible ventricular tachy- 
arrhythmias, there were only five punctate discrete 
areas, each only 1 mmë, dispersed over an area 6 em? in 
the distribution of the occluded vessel; no abnormalities 
of excitability or refractoriness were detected in vivo 
using multiple plunge electrodes. Had one of these : 
punctate necrotic areas been entered fortuitously, un- 
doubtedly some abnormalities would have been ob- 
served; however, this milieu was apparently not suffi- 
cient for the occurrence of inducible ventricular 
tachyarrhythmias. In two other animals the total area 
of abnormal myocardium was similarly less than 1 cm2, 
but in each case these abnormal areas were compressed 
to within a total mottled area of only 2 cm? and there- 
fore the density of abnormal tissue was greater, as evi- 
denced by histopathologic examination. This increased 
density of abnormal tissue was apparently sufficient to 
facilitate sustained ventricular tachyarrhythmias. 

Advantages of present model of canine myocar- 
dial infarction: Previous investigators?*2+-“6 have also 
studied acute and chronic models of occlusion and re- 
perfusion and have correlated abnormalities in elec- 
trophysiologiec properties with the occurrence of ar- 
rhythmias characteristic of reentry. In the present 
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model, because of its stability, we were able to evaluate 
excitability and refractoriness at multiple sites and 
correlate these with the histologic features. This model 
apparently provides the appropriate milieu for induc- 
ible sustained reentrant ventricular tachyarrhyth- 
= mias.}*-!5 The histologic findings are also similar to 
™ those described by Reimer et al.?’ after temporary cir- 
cumflex coronary arterial occlusion. The degree of 
mottling with clese interspersing of normal, abnormal 
and hemorrhagic myocardium within areas of infarction 
in this model is much more pronounced than that oc- 
curring after routine occlusion techniques. Presumably, 
the hyperemic response to complete release of occlusion 
facilitates diffuse mottling within areas of infarction. 
Remarkably, areas of ischemic damage less than 1 cm? 
appear sufficient for the occurrence of sustained ar- 
rhythmias. 

This model has additional advantages: the infarc- 
tions produced are small; therefore, the animals remain 
in clinically stable condition and may tolerate ventric- 
-ular tachyarrhythmias (for example, cycle length 150 

< ms) without rapid hemodynamic deterioration. There 


is remarkable stability of electrophysiologic measure- 
ments over the course of hours and even after defibril- 
lation in this model. In addition, preliminary studies 
have suggested the stability of the model over a course 
of days. Most important, sustained ventricular tachy- 
arrhythmias are inducible in this model with use of the 
same techniques of prograrnmed electric stimulation 
practiced in the clinical laboratory. Further investiga- 
tion is required to determine for how many days, weeks 
or even longer periods these markedly heterogeneous 
electrophysioiogic and anatomic abnormalities persist 
and for how long the susceptibility to inducible sus- 
tained ventricular tachyarrhythmias persists. This 
model should also be suitable for the further evaluation 
of both mechanisms of arrhythmia and the effects of 
potential therapeutic regimens.'4 
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Percutaneous coronary transluminal! angioplasty is currently being pro- 
posed as a possible treatment for some patients with significant coronary. 
arterial lesions. In this study scanning electron microscopy was used to - 
assess the morphologic changes caused by the angioplasty balloon 
catheter in normal canine coronary arteries. Balloon inflation uniformly _ 
caused endothelial denudation with virtually immediate dense platelet. 
adhesion to the subendothelial matrix. This platelet adhesion was unat- 
fected by pretreatment with aspirin (35 mg/kg body weight) or heparin 
(2,000 units). However, intravenous administration of low molecular — 
weight dextran almost completely prevented platelet adhesion to the 
exposed subendothelial connective tissues. 

It is concluded that even in normal canine coronary arteries (1) loss 
of endothelium is seen after transluminal angioplasty; (2) this endothelial 
damage stimulates platelet adhesion and thrombus formation; and (3) - 
the immediate layering of platelets can be prevented by administration 
of low molecular weight dextran. 


Percutaneous coronary transluminal angioplasty had been introduced 
as a possible treatment for selected patients with partially stenotic 
coronary arterial lesions.! The technique requires a specially designed 
polyvinyl chloride, inflatable but nondistensible, balloon-tipped catheter ~ 
that can be used to dilate discrete coronary arterial narrowings. Thus 
far, little morphologic information is available on the effects of this an- 
gioplasty catheter on the arterial wall. 

Scanning electron microscopy has been used extensively in the study 
of various forms of damage to vascular endothelium. Endothelial injury 
has been induced by diamond mesh,’ vibrating catheter,’ scalpel blade,* 
vasospasm,” external ligatures or electric stimulation,® and most often 
by a balloon-tipped catheter.” —9 Rabbit aorta,2+7 feline basilar artery,® 
swine coronary artery® and, in a preliminary study, canine coronary 
endothelium® have been used for study in various models. In this report 
we describe in detail the findings of a study on the endothelial damage 
induced by coronary transluminal angioplasty in normal canine coronary 
arteries. In addition, we report on the effects of several antithrombotic 
regiments used during angioplasty. 


Methods 


Experimental procedure: Eleven mongrel dogs weighing 20 to 30 kg were 
anesthetized with sodium pentobarbital. The chest was opened through a left 
thoracotomy incision and the heart suspended in a pericardial cradle. A single 
lumen 3 mm Gruntzig balloon angioplasty catheter (Schneider Corporation, 
Zurich, Switzerland) was inserted into a diagonal branch of the left anterior — 
descending coronary artery. The angioplasty catheter, with balloon tip deflated, © 
was passed retrograde into the main lumen of the left anterior descending cor- 
onary artery. The balloon was rapidly inflated (Fig. 1, top), full inflation was 
maintained for 10 seconds, and then the balloon was rapidly deflated. Care was 
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= taken not to move the catheter during balloon inflation. The 
- dimension of the inflated balloon (8 mm) approximated the 
coronary arterial luminal diameter in all dogs. In most animals 
slight distension of theartery was apparent externally. After 
‘balloon. deflation the catheter was removed, and after 15 

‘minutes the proximal left anterior descending coronary artery 
„Avas cannulated and immediately perfused with cacodylate- 
buffered 2 percent gluteraldehyde fixative at a physiologic 
pressure of 100mm Hg (Fig. 1, bottom). Perfusion was con- 
tinued for 10 minutes. Figure 2 shows the Gruntzig balloon 
catheter and the apparatus used for inflation of the balloon 
and for measuring inflation pressure. For this study the system 
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was filled with saline solution, and the balloon was inflated 
to 601b in? (4 atmospheres) using a hand-held syringe. 
Scanning electron microscopy: All hearts fibrillated 15 
to 45 seconds after the initiation of coronary perfusion. Seg- 
ments of coronary artery were then dissected from the intact 
preparation and placed in 20 ce of fixative for 24 hours. The 
entire portion of artery from-tħe site of cannulation (proxi- 
mally) to the tie on the left anterior descending diagonal 
branch (distally) was included in this dissection. (Fig. 1). Also 
included was 2 to 3 em of the distal left anterior descending 
artery, just beyond the takeoff of the diagonal branch. Further 
preparation of the specimen for scanning electron microscopy 


FIGURE 1 Schematic. diagram showing open. chest 
preparation with the Gruntzig balloon catheter in place 
and inflated (top) and during fixation after removal of the 
balloon catheter and insertion of perfusion cannula 
(bottom). LAD = left anterior descending coronary artery; 
LCX = left circumflex coronary artery; L- Diagonal = left 
diagonal coronary artery, LM = left main coronary artery; 
PA = pulmonary artery; RCA = right coronary artery. 
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included postfixation in osmium tetroxide, dehydration with 
acetone and critical point drying in liquid carbon dioxide. The 
specimens were cut longitudinally, mounted on stubs and 
coated with gold-palladium. Vessels were viewed in an AMR 
1400 scanning electron microscope. The entire endothelial 
surface of vessels dissected from the intact preparation was 
scanned. 

Twenty-four hour study: In two of the 11 dogs, immedi- 
ately after angioplasty and balloon removal, the chest was 
closed and the dogs were allowed to recover from anesthesia. 
Mild sedation was maintained with intramuscular injections 
of morphine sulfate. Twenty-four hours later the animals were 
reanesthetized, the chest opened and the coronary arteries 
perfused and prepared as previously described. 

Antithrombotic agents: In an attempt to evaluate 
thrombus formation on the intima in the area of dilatation, 
antithrombogenic agents were administered to 7 of 11 dogs 
(Table I). Thirty-five mg/kg of aspirin was administered in- 
travenously to two dogs 1 hour before the experiment; heparin, 
2,000 units, was administered intravenously to two dogs 10 
minutes before the experiment; and 0.5 liter of low molecular 
weight dextran was given intravenously to three dogs 4 hours 
before the experiment (one of these was studied at 24 
hours). 


Results 


The effects of balloon angioplasty were consistent 
throughout all specimens in treated and untreated an- 
imals. Pharmacologic agents produced identical results 
in similarly treated dogs but varying effects among 
differently treated animals, as described later. 

Untreated animals: Balloon dilatation consistently 
produced extensive endothelial denudation in the seg- 
ment where the balloon was inflated. Distinct margins 
were present at branch vessels not entered by the bal- 
loon catheter, and in the left anterior descending artery 
above and below the site of balloon inflation (Fig. 3). At 
these margins degenerating cells were visible, some with 
one end of the cell still adherent to the subendothelium 
and the others apparently torn free within the denuded 
areas of intima. A carpet of platelets, scattered red blood 





FIGURE 2. Tip of inflated Gruntzig balloon catheter (left). Balloon in- 
flation system with manometer, plastic syringe, Gruntzig balloon 
catheter and connecting tubing (right). 


cells and areas of fibrin thrombus were seen deposited 
on the subendothelial connective tissue, and only small 
patchy islands of intact endothelium were present. The 
degree of subendothelial damage was variable, some 
preparations showing disruption of the subendothelial 
matrix as well. However, through and through tears or 
medial dissections were not seen in any preparation. 
Outside the dilated area of the left anterior descending 
artery or in branch vessels, the endothelium remained 
intact and adherent platelets were absent. Therefore, 
damage was confined to the area of balloon inflation. 

Aspirin therapy: The intima was also severely 
damaged in the dogs treated with aspirin. Endothelial 
denudation with platelet adhesion and fibrin thrombus 
formation were present (Fig. 4). Although the density 
of adherent platelets appeared slightly less than in the 
untreated vessels, the pattern of deposition could not 
readily be distinguished from that seen in the untreated 
vessels. 

Heparin therapy: Fibrin thrombus formation was 
not present in areas of endothelial damage in the dogs 
treated with heparin. However, dense platelet adhesion 
did occur (Fig. 5). 

Dextran therapy: Low molecular weight dextran 
dramatically reduced platelet adhesion to the denuded 
subendothelial connective tissue in the animals studied 
acutely (Fig. 6). In areas of disrupted intima, scattered 
red blood cells and fibrin strands were present, but 
platelets were rare or absent. These findings were con- 
sistent throughout the dilated segment of the coronary 
arteries of dogs treated with dextran and studied im- 
mediately thereafter. 

Twenty-four hour studies: In the animals studied 
24 hours after angioplasty, damaged endothelium and 
platelet deposition were also apparent and the ap- 
pearance was similar to the untreated dogs studied 
acutely. Although only one animal was treated with 
dextran, and the results are considered preliminary, 
pretreatment with dextran did not appear to prevent 
platelet adhesion 24 hours later. However, the mor- 
phologic features of the platelets differed from those of 
the early studies. Specifically, various degrees of platelet 
metamorphosis were noted (Fig. 7). 


TABLE | 


Fixation and Treatment Regimens for Dogs Undergoing 
Angioplasty 





Time of Antithrombotic 
Dog Vessel Fixation Agent 
1 15 min None 
2 15 min None 
3 15 min None 
4 15 min Aspirin 
5 15 min Aspirin 
6 15 min Heparin 
7 15 min Heparin 
8 15 min Dextran 
9 15 min Dextran 
10 24h None 
11 24h Dextran 
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FIGURE 3. Scanning electron micro- 
graphs. A, junction of the left anterior 
descending artery (large arrow indi- 
cates the direction of blood flow in the 
main left anterior descending artery) 
and smal) branch artery (lower right) 
after angioplasty in an untreated dog. 
The endothelium is absent in the main 
left anterior descending artery where 
angioplasty was performed and the in- 
tima is covered by platelet and fibrin 
thrombus, whereas the endothelium of 
the brancn vessel is intact and no 
thrombus is present (X 100). B, view of 
border between denuded and intact 
endothelium seen in A (marked by the 
white circle in A), revealing a normal 
endothelial pattern with distinct inter- 
cellular margins and protruding central 
nuclei in the lower portion, contrasting 
with the exposed subendothelial matrix 
and adherent platelets present in the 
upper portion (X490). C, high power 
view of the border zone from B (marked 
by the white circle in B). Clearly shown 
are degenerating endothelial cells (DE) 
interdigitating with intact endothelial 
cells and a denuded area (right) cov- 
ered by platelets (P) in various stages 
of metamorphosis (X2,000, reduced by 
4 percent.) 
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Discussion 


Scanning electron microscopy and endothelial 
damage: This study describes in detail the application 
of an in vivo canine model for the study of coronary 
endothelium by scanning electron microscopy. Scanning 
electron microscopy of injured endothelium has previ- 
ously been used for the study of the subendothelium 
and thrombosis.!° Models using rabbit aorta have been 
widely employed, and extensive data on platelet-en- 
dothelial interactions and the effect of antiplatelet 
agents have accumulated use of this model.4:7:8.10-13 
Scanning electron microscopy has also been used to 
observe in situ atherosclerosis!* and endothelial repair.* 
A preliminary report® has appeared noting the effects 
of ‘coronary constriction on endothelial cells using a 
model similar to ours. In all models used, the endothe- 
lium was easily damaged and the first morphologic 
consequence of this damage is the laying down of a 
platelet carpet on the exposed subendothelial connec- 
tive tissue.!° It is not surprising, therefore, that balloon 
angioplasty causes endothelial denudation and subse- 
quent extensive platelet adhesion to the exposed sur- 
face. The model described is useful for making these 
direct observations, and conceivably may be applied to 
other potential forms of coronary endothelial 
damage. 

Effects of coronary angioplasty: The long-term 
consequences of endothelial damage induced by balloon 
angioplasty are unknown. In rabbit aorta similarly in- 
duced endothelial denudation has been used to produce 
atherosclerotic lesions.?:! The possibility of accelerated 
atherosclerosis after coronary transluminal angioplasty 
must therefore be considered. 

We have studied the effects of angioplasty on ath- 
erosclerotic lesions of rabbit aorta.!? Endothelial de- 
nudation and platelet deposition were also observed. In 


FIGURE 5. Scanning electron micro- 
graph of the left anterior descending 
coronary artery from a dog treated with 
heparin before angioplasty, revealing 
a partially intact endothelium (E) in the 
lower portion and a denuded area 
(where balloon was inflated) covered by 
a layer of platelets in the upper portion. 
No fibrin strands are evident. (X 1,200, 
reduced by 4 percent.) 





pm 


FIGURE 4. Scanning electron micrograph from the balloon-inflated area 
of the left anterior descending coronary artery in a dog pretreated with 
aspirin, showing platelet adhesion to a dense fibrin meshwork with 
entrapped platelets overlying a denuded area of endothelium 
(X3900). 
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addition, the morphologic features of luminal widening 
induced by angioplasty was recognized. Splits of ath- 
eromatous plaques with intimal tears and some medial 
dissection after angioplasty were seen in the rabbit 
model. Similar findings were also noted in studies of 
hearts subjected to postmortem transluminal angio- 
plasty.!**° It is therefore noteworthy that such damage 
(that is, dissection) did not occur in the normal coronary 
artery. This finding has reassuring implications for the 
clinical situation in which a normal coronary artery may 
be “dilated” by virtue of its location adjacent to a lesion 
undergoing angioplasty, or if, due to malpositioning of 
the catheter, the balloon is inflated in a segment of ar- 
tery free of atherosclerosis. 

The long range effects of endothelial damage in- 
duced by angioplasty remain unclear. Other than early 
platelet metamorphosis, we detected no changes in the 
endothelium and platelet carpet in the animals studied 
24 hours after angioplasty. Because the subendothelium 
was normal rather than atherosclerotic in the model 
used, we cannot comment on the changes of coronary 
intimal surfaces after dilatation of atherosclerotic le- 
sions. However, even without atherosclerosis, severe 
endothelial damage can be expected with subsequent 
new platelet deposition. 

Platelet adhesion and endothelium: effects of 
pharmacologic agents: The complex relation among 
factors such as endothelial repair, the atherosclerotic 
process and platelet adhesion is poorly understood at 
present.*:2!,22 It is possible that the platelet adhesion 
rather than being deleterious may actually facilitate 
endothelial repair. For example, with platelet adhesion 


FIGURE 6. Scanning electron micro- 
graph of the balloon injured intimal 
surfece of the left anterior descending 
artery from a dog treated with dextran 
before angioplasty, revealing a thin 
layer of fibrin and a few trapped red 
blooc cells overlying the denuded 
subendothelial connective tissues. No 
platelets are present. (X 1,000 reduced 
by 5 percent.) 


to damaged endothelium a local vasodilator and anti- 
aggregating prostaglandin, prostacycline, is released, 
perhaps counteracting the release by the platelets of the 
potent vasoconstrictor, thromboxane A2.22:23 

The buildup of platelet aggregates in proximal por- 
tions of atherosclerotic coronary arteries with dimin- 
ished flow may lead to thrombosis, distal embolization 
of platelet plugs or excessive vasoconstriction with re- 
sultant ischemia.*:!®° Because platelet adhesion occurs 
after angioplasty, we undertook to observe the effects 
of various pharmacologic agents in altering this platelet 
adhesion to damaged endothelium. The effect of aspirin 
on platelet adhesion in this situation is controversial and 
may be dose-related.*:!2:!3-15 In our model, aspirin 
seemed to have little effect on platelet adhesion, con- 
firming the observation of Essien and Mustard.!3 
Heparin had no visible antiplatelet effect, although fi- 
brin deposition was greatly reduced. Low molecular 
weight dextran, which coats platelets and decreases 
platelet adhesiveness rather than affecting the enzyme 
systems responsible for aggregation,”+2° caused mark- 
edly less visible platelet adhesion to damaged endo- 
thelium in the animals studied acutely. However, in the 
preliminary experiment with a single dog studied at 24 
hours there was no effect of dextran. Confirmation of 
these findings awaits further study with quantative 
morphometric techniques of platelet adhesion. Whether 
dextran’s acute antiplatelet effect is salutory remains 
to be shown by long-term observations of the endothe- 
lium after angioplasty. Nevertheless, preliminary 
communication of these data?® has led to the use of 
dextran in most centers where percutaneous coronary 
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FIGURE 7. Scanning electron micro- 
graph of left anterior descending artery 
from the animal treated with dextran 
and sacrificed 24 hours after angio- 
plasty. Abundant platelets are evident 
in various stages of metamorphosis. 
Some adherent platelets are discoid, 
others have multiple pseudopodia, and 
many appear flattened and seem to be 
blending into the subendothelial tissue. 
Intact endothelial cells are present at 
right. (X2,000, reduced by 4 per- 
cent.) 


transluminal angioplasty is currently being performed 
(Gruntzig AR, personal communication). 
Implications: Transluminal angioplasty causes se- 
vere damage to in vivo normal canine coronary endo- 
thelium. Platelet adhesion after this damage may be 
reduced acutely with dextran. The model used in our 
experiments offers a method to make long-range ob- 





servations helpful in understanding the possible con- 
sequences of coronary angioplasty as well the study of 
the effects of antiplatelet interventions. It also provides 
a means for further exploration of various potential 
forms of injury to coronary endothelium and may help 
clarify the role of endothelial injury and platelet depo- 
sition in atherogenesis. 
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Trend Plot includes clear display of medications and events. 
No footnotes. No searching the screen. Multiple trends can be 
displayed simultaneously, including heart rate, PVCs/minute, 
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Arrhythmia History is continuously updated for each patient. 
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serum cholesterol control 


Puritan is the first major cooking oil made principally 
from highly polyunsaturated sunflower oil. The sun- 
flower oil gives Puritan an edge in polyunsaturate level, 
over leading corn and soybean-based oils. 
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Light flavor... 
encourages compliance at the table 


FICIAL INGp,. s The sunflower oil also makes Puritan light tasting. In 
SO, taste tests conducted with Puritanandcorn oil, Puritan 
i Oil was selected as lighter tasting by homemakers. It 
contributes to an appealing diet for patients and 
family and thus helps enhance sustained compliance 
with your cholesterol management program. 
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Clinically tested...and proven 
within a “real life” regimen 


The nutrition depart- 
ment of a major uni- 
versity has published 
the results of a study 
that evaluated a dietary ~ 
serum-cholesterol- 
reducing program 
which included Puritan 
Oil. The study was con- 
ducted in a family 
situation—entire families used Puritan as part 
ofatotalserum-cholesterol-reducingdiet. Thedata 
showed significant decreases in serum cholesterol 
levelsamongallparticipating groups. Theselowered 
levels were reached within 10 days, and were main- 
tained throughout the diet modification period. 


Reference: 1. Witchi, J.C. et al., J. Am, Dietetic Assoc. 72: 384, 1978. 
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Selective coronary arteriography (using the Sones technique} was per- : 
formed in 67 patients with congenital heart disease aged 1 to 33 years. _ 
Five of the 23 patients with cyanotic congenital heart disease had col- 
lateral vessels between the coronary and bronchial arteries; none of the o 
44 patients with noncyanotic congenital heart disease had such vessels. .. 

Each of the five patients with collateral vessels had severe obstruction _ 
of the right ventricular outflow tract or the pulmonary valve plus a ven- 
tricular septal defect and a right to left shunt. It appears that such collateral 
vessels from the coronary arteries provide an increment to pulmonary: 
blood flow in patients with cyanotic congenital heart disease and dimin- _ 
ished pulmonary flow. eee 


The presence of precapillary anastomoses between the coronary arteries _ 
and extracardiac vessels was first described by Von Haller! in 1803. | 
Hudson et al.? in 1932 injected the coronary arteries with Indiaink and _ 
demonstrated anastomoses between the coronary arteries and the vasa _ 
vasorum of the thoracic aorta and pulmonary arteries as well as vessels 
of the parietal pericardium, diaphragm, pleural surfaces of the lung, 
bronchi, mediastinum, trachea and esophagus. Voss” in 1856 in apost- 
mortem study of a man with pulmonary atresia demonstrated anasto- 
moses between the coronary arteries and the bronchial arteries. Modern 
investigators have identified collateral flow from the coronary arteries 
to the bronchial arteries with angiography in patients with chronic.ob- 
structive lung disease* and from the bronchial to the coronary arteries 
in patients with coronary artery disease. Bjork? demonstrated angi- 

ographically anastomoses between the coronary and bronchial arteries. 
in patients with tetralogy of Fallot and pulmonary atresia. The purpose. 
of this paper is to report the results of a prospective study of the fre- 
quency of coronary-bronchial arterial collateral vessels in patients with — 
cyanotic and acyanotic congenital heart disease. 


Methods 


Patients: Between November 1975 and January 1978 selective coronary ar- 
teriography was performed in 67 of 181 patients with congenital heart disease. 
undergoing right and left heart catheterization at King Hussein Medical Center. 
Arteriography was performed in all patients whose general condition was good. 
at the end of the catheterization study. Of 67 patients, 23 had cyanotic congenital 
heart disease; their ages ranged from 1 to 33 years (mean 12). Among these 23 
patients 18 had tetralogy of Fallot; 1 had levotransposition, ventricular septal 
defect and severe pulmonary stenosis; and 4 had double outlet right ventricle 
with pulmonary stenosis. None of the 67 patients had undergone cardiac sur- 
gery. : 

Catheterization procedures: Right and left heart catheterization was për- 
formed by way of an antecubital vein and the brachial artery in older children _ 
and through the long saphenous vein and the femoral artery insmaller children. 
Selective coronary arteriography was performed with the Sones technique” 
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TABLE | 


Age, Diagnosis and Origin of Collateral Vessels in Five 
Patients 











Diagnosis Collateral Vessels to 
Age at Cardiac Bronchial Arteries From 

Case (yr) Catheterization Atrial Branches of: 

1 33 Tetralogy of Fallot LMCA, LCx, RCA 

2 12 Tetralogy of Fallot LCx, RCA 

3 12 Tetralogy of Fallot RCA 

4 9 DORV LCx, RCA 

5 13 Tetralogy of Fallot LMCA 





DORV = double outlet right ventricle; LCx = circumflex branch of 
the left coronary artery; LMCA = left main coronary artery; RCA = right 
coronary artery. 


Routinely one injection was made in the right coronary artery 
in a steep left anterior oblique projection and two injections 
were made in the left coronary artery in steep left anterior 
oblique and shallow right anterior oblique projections. Further 
injections were made whenever cinefluorography revealed an 
abnormality. The contrast material used was Urografin 76 
percent® (Schering AG Berlin) and the maximal dose was 2.5 
ml/kg body weight in cyanotic patients and 3.5 ml/kg in acy- 
anotic patients. 


Results 


Of the 23 patients with cyanotic congenital heart 
disease 5 had angiographically demonstrable coro- 
nary-bronchial arterial collateral vessels (Table I). In 





FIGURE 1. Patient 1. Tetralogy of Fallot. Left coronary angiograms. Upper left, in left anterior oblique projection showing collateral vessels to 
the bronchial arteries around a main bronchus (black arrows) from a large atrial branch of the circumflex artery (white arrow). Upper right, in right 
anterior oblique projection, early filling phase, showing collateral vessels to the bronchial arteries from two atrial branches arising from the circumflex 
artery and the left main trunk (arrows). Bottom, in right anterior oblique projection, late filling phase, showing several tortuous bronchial arteries 
(short black arrows) communicating with segmental pulmonary arteries (long black arrows). 
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each case these vessels arose from the atrial branches 
of either the right coronary artery, the left main trunk, 
the circumflex branch of the left coronary artery or 
combinations of these (Table I). These collateral 
channels communicated with multiple segmental 
bronchial arteries; the method of collateral communi- 
cation varied from three or four large branches (Fig. 1) 
to a myriad of small vessels (Fig. 2). 

Comparison of the size of the anastomotic vessels 
with the size of the catheter indicated that the blood 


FIGURE 2. Patient 4. Double outlet right ventricle with l- 
malposition of the great vessels. Top, left coronary arterio- 
gram in left anterior oblique projection showing a small atrial 
branch of the circumflex artery (arrow) providing collateral 
vessels to segmental bronchial arteries in the hilar region. 
Bottom, right coronary arteriogram in left anterior oblique 
projection showing a large atrial branch (blank arrow) 
communicating with a myriad of small branches of a bron- 
chial artery (black arrow). 


flow through these vessels moderate to large, although 
the actual flow could not be calculated. In one case 
(Patient 5) the communications were of small size. Di- 
rect communications between the coronary arteries and 
the main pulmonary arteries or their major branches 
were not seen in any patient. In Patient 1, whose col- 
lateral channels were very large, it was possible to trace 
the contrast material from the coronary to the bronchial 
arteries and then to the tertiary branches of the pul- 
monary arteries. Cine films revealed that the anasto- 
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moses between the bronchial arteries and the segmental 
pulmonary arteries occurred at a precapillary level. 

Coronary-bronchial collateral vessels were not seen 
in any of the 44 patients with acyanotic congenital heart 
disease, including 6 patients with severe pulmonary 
‘stenosis. There were nc patients studied with cyanosis 
and high pulmonary flow. 

The presence of collateral vessels could not be sus- 
pected clinically; no patient had auscultatory bruits or 
characteristic X-ray findings or electrocardiographic 
evidence of ischemia. 


Discussion 


Incidence of coronary-bronchial collateral 
channels: In patients with cyanotic congenital heart 
disease and severe reduction in pulmonary flow, alter- 
nate pathways may develop to achieve greater pulmo- 
- nary blood flow. Although it has long been known that 
such patients have extensive communications between 
the bronchial and pulmonary arteries, little attention 
has been paid to the development of collateral flow to 
the lungs from the coronary arteries. Selective coronary 
arterial injection is seldom performed when studying 
cyanotic patients, and these collateral vessels cannot 
usually be demonstrated by aortic root angiograms. 
With the exception of the report of Bjork,? who dem- 
onstrated coronary-bronchial collateral channels in 6 
of 7 patients with pulmonary arterial atresia and in 5 of 
60 patients with tetralogy of Fallot on right ventricular 
and aortic root angiograms, such collateral vessels have 
not been described in other large series.!!!? In each of 
the five patients in our study the collateral channels 
were not visualized in aortic root angiograms. 

The presence of coronary-bronchial collateral vessels 
is not limited to patients with cyanotic congenital heart 
disease. Moberg®? demonstrated their presence at 
postmortem study in all specimens studied (69 adults 
and 7 newborn infants). In all specimens the commu- 
nications were present between the bronchial arteries 
and the atrial branches of the coronary arteries. It ap- 
pears that these collateral channels have little func- 
tional significance but they could widen and become 
functional when a significant pressure gradient exists 
between the coronary and bronchial circulations. Hence, 
they are occasionally demonstrated in patients with 
coronary artery disease®® and chronic obstructive lung 
disease.45 

In our series coronary-bronchial collateral vessels 
were demonstrated. only in patients with diminished 
pulmonary blood flow and were not seen in any of the 
44 acyanotic patients with normal or increased pulmo- 
nary blood flow. The presence of collateral vessels and 
their size were not related to the arterial oxygen satu- 


ration. In Patient 1 coronary arteriography repeated 14 
months after successful total correction revealed that 
the coronary-brenchial collateral vessels were still 
present although much smaller in size. 

Bronchial steal: Bjork? suggested that the coronary 
te bronchial arterial flow in patients with cyanotic 
congenital heart disease might deprive the myocardium 
of a fair amount of its blood supply, producing a bron- 
chial arterial steal syndrome; similarly, other investi- 
gators* reported angina-like chest pain in patients who 
had normal coronary arteries and coronary bronchial 
arterial anastomoses. Although the collateral flow was 
thought to be significant in four of five patients in our 
study, no patient had chest pain or ischemic changes in 
the electrocardiogram. Patients with cyanotic congen- 
ital heart disease tend to have large coronary arteries 
as a result of ventricular hypertrophy and myocardial 
tissue hypoxia, and it is also possible that the presence 
of coronary-bronchia! communications in these patients 
is yet another stimulus for augmenting coronary blood 
flow. 

Hypoxemic episodes: In patients with tetralogy of 
Fallot hypoxemic episodes may result in part from a 
sudden increase in resistance in the outflow tract of the 
right ventricle!" Look and Bates!4 using a hemody- 
namic model developed for tetralogy of Fallot stressed 
the importance of the extent of aortopulmonary col- 
lateral flow as a key compensatory response in deter- 
mining the severity and incidence of the hypoxemic 
episodes. In other words, patients with a relatively se- 
vere infundibular stenosis and small aortopulmonary 
flow through collateral channels may be susceptible to 
hypoxemic episodes whereas patients with a large col- 
lateral flow may not. 

In our series none of the 4 patients with tetralogy of 
Fallot and coronary-bronchial collateral channels had 
hypoxemic episodes, compared. with 5 of the remaining 
14 patients with tetralogy and no coronary-bronchial 
collateral channels. The two groups were comparable 
in degree of cyanosis; the mean arterial oxygen satura- 
tion was 77 percent for the group with collateral chan- 
nels and 75.5 pereent for those without them. Although 
the number of patients is too small to draw any definite 
conclusions it may be that coronary-bronchial collateral 
vessels provide an increment to pulmonary blood flow 
or that the presence of these vessels is a manifestation 
of extensive aortopulmonary collateral channels in such 
cases. 
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Thirty patients with a double chamber right ventricle were seen during 
a 7 year period. The majority of patients had associated cardiac anom- 
alies, most commonly a ventricular septal defect. In this series, as in 
others, the history, clinical examination; chest roentgenogram and 
echocardiogram were inconclusive for diagnosing double chamber right 
ventricle. Symptoms were generally related to the severity of the asso- 
ciated anomalies. 

In 40 percent of the patients reviewed, upright T waves were found in 
lead V3R as the only electrocardiographic finding suggestive of right 
ventricular hypertrophy. Because upright T waves in lead V3R inthe ab- 
sence of other evidence of right ventricular hypertrophy are not commonly 
seen in patients with an isolated ventricular septal defect or a defect 
associated with other forms of right ventricular outflow obstruction, this 
finding should alert the cardiologist to the possibility of the presence of 
double chamber right ventricle prior to cardiac catheterization. 


An anomalous muscle bundle obstructing the sinus portion of the right 
ventricle was first described by Keith! in 1909, but has received signif- 
icant attention enly since the advent of open heart surgery. The presence 
of an anomalous muscle bundle may produce a pressure gradient between 
the proximal inflow area and the distal subinfundibular and outflow 
areas of the right ventricle, thus resulting in double chamber right ven- 
tricle.2-!! Although the anomalous muscle bundle is relatively rare as 
an isolated congenital cardiac anomaly, its association with other sig- 
nificant cardiac anomalies, usually ventricular septal defect, has made 
its recognition increasingly important.2-5 From previous reports,2-4 
however, it is apparent that there are no specific symptoms or clinical 
findings that suggest the diagnosis of double chamber right ventricle, 
either isolated or associated with a ventricular septal defect. Farther- 
more, the electrocardiogram and chest reentgenogram are frequently 
normal or show changes that may not be helpful in differentiating this 
anomaly from other congenital heart defects with or without an anom- 
alous muscle bundle.”4 Thus, although the diagnosis may be suspected 
after meticulous attention to the sum of clinical information, it is often 
missed and the correct diagnosis is usually made from angiocardiographic 
studies performed during cardiac catheterization. A clinical or nonin- 
vasive diagnostic clue that would alert the cardiclogist to the possible 
presence of double chamber right ventricle would therefore be of sig- 
nificant value. 

On review of patients diagnosed as having double chamber right 
ventricle at Children’s Hospital of Pittsburgh, examination of the elec- 
trocardiograms revealed a significant number with upright T waves in 
the right precordial leads, with no other electrocardiographic findings 
of right ventricular hypertrophy. A further investigation of this.associ- 
ation serves as a basis for this report. ; 
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Methods 


Patients: During the period from 1969 to 1976, a total 
of 30 patients with a diagnosis of double chamber right 
ventricle were seen at this hospital. In each case the 
_ diagnosis was confirmed by cardiac catheterization and 
-- clneangiocardiography. All inpatient and outpatient 
records, electrocardiograms, vectorcardiograms, echo- 
cardiograms, cardiac catheterization data, findings at 
intracardiac repair and autopsy protocols were reviewed 
and tabulated. Only patients with double chamber right 
ventricle with or without ventricular septal defect were 
included in the study, whereas patients with transpo- 
sition of the great arteries or atrioventricular or semi- 
lunar valve atresias were not considered. 

Electrocardiographic criteria: The electrocar- 
diographic diagnosis of right ventricular hypertrophy 
was made according to the following standard criteria 
currently used in our institution!?-}: (1) An RsR’ pat- 
<- terri in the right chest leads (V3R, V1) with a narrow 

-QRS complex and an R’ wave greater than 10 mm in 
height. (2) A tall (greater than 10 mm) R wave in the 
right chest leads (V3R, Vi) with the R wave greater than 
75 percent of the R + S waves in infants and greater 
than 50 percent of the R + S waves in children. (3) A qR 
pattern in lead VaR or V, at any age. (4) A positive T 
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wave in lead V3R or V; in children between 1 week and 
10 years of age. Right axis deviation and a dominant R 
wave in lead aVR were considered suggestive but not 
diagnostic of right ventricular hypertrophy without the - 
foregoing evidence of hypertrophy in the precordial 
leads. : 


Results 


Clinical features: Of the 30 patients with a diagnosis 
of double chamber right ventricle who were seen during _ 
the 7 year period, 18 were male and 12 female. No sig- 
nificant prenatal history was noted in these patients. . 
Four patients (13 percent) had additional noncardiac - 
congenital anomalies. A plateau, pansystolic cardiac. 
murmur was first heard soon after birth in 12 patients | 
and before the age of 1 year in 14 others. Eleven patients. 
were first referred to the cardiologist before age 6 
months, four before age 1 year, six between 1 and 2 years _ 
and nine at a later age. Mild congestive heart failure was 
present in six patients (20 percent) and was the reason’ 
for referral in each; five of these patients were seen be- _ 
fore age 1 year. Fifteen patients were initially diagnosed _ 
clinically as having ventricular septal defect and asso- 
ciated pulmonary stenosis, 9 as having ventricular septal 
defect alone, 3 pulmonary stenosis alone, and 3 other | 
cardiac anomalies. oe 




















TABLE | 
Electrocardiographic and Cardiac Catheterization Pressure Data 
QRS + T Wave Morphology 
VR Vi 
Electrical T wave T wave RV/LV 
Age Axis aVR Voltage Voltage Ve Pressure 

Case tyr) ej QRS QRS imm) QRS (mm) QRS RVH Ratio 
1 5/12 150 QR Rs —2 Rs + RS V 0.44 
2 5/12 110 Qr rsR’ —2 rR’ —2 RS v 0.95 
3 7/12 150 QR rR’ -4 rR’ —3 qRs V 1.00 
4 10/12 100 rS RS =A RS =i qRS V 1.00 
§ 11/12 120 QR Rs +2 RS +2 RS V+T 1.00 
6 41/12 120 QR R —2 R —2 gRS Vv 1:00 
7 11/12 90 rSR’ rsR' —2 RR’ -3 qRS v 0.85 
8 1 90 Qr Rs + Rs —2 RS V 0.67 
9 1 120 rSr' Rs —2 Rs -3 qRS Vv 1.00 
10 2 150 Qr Rs —3 RS -3 gRs V 1:00 
11 2 75 gR rs +1 rs +2 Rs T 0.70 
12 3 75 rS rS +5 rS +4 Rs T 0.87 
13 4 75 rS rS +2 rs +2 qRs T 1.00 
14 5 80 rS Rs +5 Rs +7 qRS V+T 1.00 
15 5 60 Qr rS —3 rS —5 Rs N 0.45 
16 5 90 Qr rS +3 rS +3 qRs T 1.00 
VW 5 45 Qr rS +3 rS +4 Rs T 0.74 
18 5 90 rSr' rsR' —3 rSR’ -4 qRs vV 1.00 
19 5 g0 Qr rS -3 rS —4 Rs N 0.67 
20 5 90 Qr rR’ = rR’ =t RS V 0.60 
21 6 80 rS rS +3 rS +3 qRs T 1.50 
22 7 110 rSr' rs +3 rs +3 qRs T 0.78 
23 7 75 rSr’ rSr' —2 rSr’ —1 qRs N 1.00 
24 8 46 rS rS +3 rS +3 qRs T 0.49 
25 9 60 rs rS +7 rS +6 qR T 0.74 
26 1 75 rs rs +2 rs +3 Rs T 0.48 
27 11 90 Q Rs +2 Rs +2 qR V+T* 1.20 
28 12 80 Q rS 52 rS =3 qRs N 0.49 
29 14 45 rS rS +2 rS +3 qR T 0.49 
30 15 75 Q rS +3 rS +4 Rs T* 4.00 


* Positive T wave in VaR and V; present since before the patient was 8 years of age. 


N =-normal; RVH = right ventricular hypertrophy; T = T wave criteria; V = voltage criteria; + = biphasic T wave. 
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Electrocardiographic findings: The patients’ ages, 
electrocardiographic findings and right to left ventric- 
ular pressure ratios at cardiac catheterization are listed 
in Table I and the electrocardiographic findings and 
precatheterization clinical diagnoses in Table II. Of the 
:30 patients, 12 (40 percent) had upright T waves in lead 
V3R as the only electrocardiographic finding suggestive 
of right ventricular hypertrophy (Fig. 1). Right ven- 
tricular hypertrophy was evidenced by voltage criteria 
alone in 11 patients and by both voltage criteria and T 
wave changes in 3 patients. Four patients were consid- 
ered normal. 

Echocardiography was performed in only seven pa- 
tients and was not found to be helpful in the diagnosis 
of double chamber right ventricle. 

Vectorcardiography was performed in 10 patients. 
In six with electrocardiographic evidence of right ven- 
tricular hypertrophy, a horizontal plane QRS loop 
characteristic of right ventricular hypertrophy con- 
firmed the electrocardiographic findings. In 4 of the 12 
patients who had upright T waves in the right precordial 
leads as the only electrocardiographic abnormality, 
vectorcardiography demonstrated the findings shown 
in Figure 1. More than 50 percent of the horizontal plane 
vector QRS loop was oriented anterior to the E point, 
with the remainder of the QRS loop oriented posteriorly 











and to the right. These vectorcardiographic findings 
suggest right ventricular hypertrophy. 

Cardiac catherization findings: All patients un- 
derwent one cardiac catheterization and eight had a 
second catheterization study. Seven patients underwent 
cardiac catheterization before age 1 year, 14 between 1 
and 6 years and 9 at a later age. Of the eight patients 
who had a second cardiac catheterization, six showed 
an increase in right ventricular pressure greater than 20 
mm Hg at the second catheterization, whereas two had 
the same right ventricular pressure. Despite this he- 
modynamic change, none of these eight patients had a 
change in the electrocardiographic findings. 

Of the 30 patients, 4 had isolated double chamber 
right ventricle (without ventricular septal defect), 
whereas 26 (87 percent) were diagnosed as having both 
a ventricular septal defect and double chamber right 
ventricle. Seventeen of the latter 26 patients had ad- 
ditional cardiac findings: patent foramen ovale (11 pa- 
tients); atrial septal defect and aneurysm of the mem- 
braneous interventricular septum (1); aneurysm of the 
membraneous septum alone (2); pulmonary valve ste- 
nosis (2) and patent ductus arteriosus (1). Two of the 
four patients with isolated double chamber right ven- 
tricle had associated valvular pulmonary stenosis. One 
of these two and one of the others without pulmonary 
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FIGURE 1. Electrocardiograms and vectorcardiograms in two patients aged, respectively, 6 years (left) and 4 years (right) with double chamber 
right ventricle. Note the upright T wave in lead V3R without other electrocardiographic evidence of right ventricular hypertrophy. The horizontal 
(H) plane of the vectorcardiogram suggests right ventricular hypertrophy. F = frontal plane; S = sagittal plane. : 
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stenosis had an aneurysm of the membraneous inter- 
ventricular septum and probably previously had a 
ventricular septal defect that had subsequently closed 
~gpontaneously. The remaining patient had associated 
. tricuspid regurgitation. 

© Correlation of right ventricular pressure and 
_. eleetrocardiograms: Table HI summarizes the elec- 
-trocardiographic findings in relation to the ratio of right 
and left ventricular pressures found during cardiac 
- catheterization. Eighteen patients had a right ventric- 


: -ular systolic pressure that was at least 75 percent of left 
_-o-veritricular systolic pressure. In 13 of the 18 pressure in 


the right ventricle was equal to systemic pressure, in 2 
it-was greater than systemic pressure, and in 3 it was 78, 
: = 85 and 87 percent of systemic pressure, respectively. Of 
-these 18 patients with right to left ventricular pressure 
ratio of 75 percent or greater, 6 had upright T waves in 
lead- VR as the only indication of right ventricular hy- 
pertrophy and 1 had an-electrocardiogram that was 
considered within normal limits. 


Discussion 


Clinical features: The presence of a double chamber 
right ventricle as a result of obstruction by an anoma- 
lous muscle bundle poses a difficult diagnostic problem 
because the clinical findings often mimic those of other 
congenital cardiac anomalies. Double chamber right 
ventricle is rarely seen as an isolated congenital heart 
defect. It is most commonly associated with ventricular 
septal defect (an incidence of up to 80 to 90 percent in 
different series?-+°) and more rarely with pulmonary 
valve stenosis alone.’-® All of our 30 patients had asso- 
ciated cardiac abnormalities, 87 percent having a ven- 
tricular septal defect. 

The neonatal history is usually normal? and none of 
our patients had neonatal symptoms that might be as- 
sociated with this cardiac anomaly. Four (13 percent) 
of the 30 patients had noncardiac congenital anomalies 
with no specific syndrome evident. 

There was no correlation between the clinical fea- 
tures, electrocardiograms or hemodynamic findings in 
these patients. The clinical symptoms found in these 
patients are mainly dependent on the severity of the 
associated cardiac anomalies. These can range from 
none at all to those of congestive heart failure.® Of the 


TABLE It 


Electrocardiographic Findings and Precatheterization 
Clinical Diagnosis 








Electrocardiographic Findings 
Right Ventricular 
Hypertrophy 
Clinical Voltage Voltage + T Wave 
Diagnosis Only T Wave Only Normai Total 
VSD alone 6 1 4 3 14 
VSD + PS 5 1 7 $= 13 
PS alone — 1 1 1 3 
Total 11 3 12 4 30 





PS = pulmonary stenosis; VSD = ventricular septal defect. 
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30 patients, only 6 (20 percent) had cardiac symptoms 
when first referred for evaluation and, of these, only 2 
(7 percent) had symptoms severe enough to warrant 
hospitalization. Thus, 24 (80 percent) of our 30 patients: 
were asymptomatic and were evaluated only because of 
a heart murmur. : 

Electrocardiographic features: The reported 
electrocardiographic findings considered typical of 
double chamber right ventricle include an inconspicu- — 
ous R wave in lead aVR and prominent R wave with. 
little or no S wave in lead V4R, with normal voltage in 
lead V; and the remaining precordial leads.2689 These. 
electrocardiographic findings have been attributed to _ 
absence of hypertrophy of the distal right ventricular: 
chamber.?->-78 However, in other studies these changes _ 
have been found in a relatively small number of patients. 
with double chamber right ventricle, and many patients 
exhibit normal electrocardiographic patterns on re- 
peated evaluation.’ In our series of 30 patients, 4 (13 
percent) had normal electrocardiograms. In two of these 
patients right. ventricular pressure was less than 50 
percent of systemic pressure, in one it was 67 percent- 
of systemic pressure and in one it was at systemic level. 
Thus, a normal electrocardiogram in this group did net. 
preclude the presence of significant proximal right 
ventricular hypertension. 

Upright T waves in lead V3R were found in 15 pa-- 
tients. In 12 patients this was the only electrocardio- . 
graphic finding indicative of right ventricular hyper-- 
trophy, although pressure in the proximal right ven- 
tricular chamber in most of these patients ranged from. 
50 percent of systemic pressure to suprasystemic levels. 
Vectorcardiography was performed in only 4 of these 
12 patients, but the findings suggested right ventricular 
hypertrophy. No definite statements can be made for 
the group as a whole on the basis of these four studies 
alone. However, the majority of the horizontal plane 
forces on these vectorcardiograms were oriented per- 
pendicularly to both the right and left precordial elec- 
trocardiogram leads; thus, the absence of large QRS 
deflections in these leads resulted in an apparently 
normal electrocardiogram by voltage criteria. 

There was no distinct relation in this series between. 
the patients’ age, electrocardiographic findings and the 
degree of proximal right ventricular hypertension. Al: 


TABLE Ill 


Electrocardiographic Findings And Right Ventricular 
Pressure Data 





Electrocardiographic Findings 








RV/LV Right Ventricular Hypertrophy 
Pressure Voltage Voltage + T Wave 
Ratio Only T Wave Only Normal Total 
< 50% 1 — 3 2 6 
50-75% 2 — 3 1 6. 
> 75% 8 3 6 7 18 
Total 14 3 12 4 30 





RV/LV pressure ratio = ratio between peak systolic pressure in the 
right (RV) and left ventricles (LV). : 
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though an upright T wave in lead V3R was found more 
frequently in patients aged 2 years or more (14 of 21 
patients) than in those less than 2 years of age (1 of 9 
patients), the elevation of right to left ventricular 
pressure ratio was randomly distributed among these 
groups (Tables I and HD. 

Comparison with other congenital heart lesions: 


= Upright T waves in the right precordial leads have been 


reported in infants with tetralogy of Fallot before the 
development of cyanosis and in children with other 
forms of right ventricular outflow tract obstruction with 
moderate to severe right ventricular hypertension.!2- 
These T wave changes usually occur in conjunction with 
findings of moderate to severe right ventricular hyper- 
trophy by voltage criteria. However, upright right pre- 


2 „cordial lead T waves in the absence of other electro- 


cardiographic evidence of right ventricular hypertrophy, 
as seen in our patients with double chamber right ven- 


oe tricle, have not been reported in children with ventric- 


ular septal defect alone or combined with other types 
of right ventricular outflow obstruction. Although an 
upright T wave in lead V; with an otherwise normal 
electrocardiogram has been reported in children with 
mild pulmonary valve stenosis,!® in our experience this 
is a rare phenomenon. In addition, the clinical findings 
of mild pulmonary valve stenosis would not resemble 


those of patients with double chamber right ven- 
tricle. 

In patients with moderate to severe right ventricular 
hypertension, the electrocardiogram and vectorcar- 
diegram usually exhibit characteristic voltage abnor- 
malities that suggest right ventricular hypertrophy. 
These changes are often accompanied by a more ante- 
ricrly oriented T wave vector and an upright T wave in 
electrocardiographic leads V3R and V4. In patients with 
double chamber right ventricle, as compared with those 
with other forms of right ventricular outflow tract ob- 
struction, the high pressure proximal chamber is re- 
duced in size by the anomalous subinfundibular muscle 
bundles. It is possible that this reduction in size of the 
proximal chamber results in the anterior shift of the T 
veetor with much less of a shift of the QRS vector, thus 
producing the electrocardiographic and vectorcardio- 
graphic features observed in many of the patients in our 
series, 

This study suggests that the cardiologist should be 
alerted to the possibility of double chamber right ven- 
tricle by the appearance of upright T waves in lead VsR 
without other evidence of right ventricular hypertrophy 
in patients with the clinical diagnosis of ventricular 
septal defect alone or in association with other anoma- 
lies. 
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The usefulness of screening patients for renovascular hypertension by _ 
infusion of saralasin, a competitive antagonist of angiotensin Il, was 
evaluated. Responses were compared in 19 patients with proved reno- — 
vascular hypertension and in 34 without renovascular hypertension, as- 
indicated by renal arteriography and renal venous renin studies. Saralasin. - 
infusion was carried out in the morning after furosemide, 80 mg by mouth, - 
had been given the previous evening. Seventy-five percent of patients _ 
with and 12 percent of those without renovascular hypertension had a _ 
reduction in diastolic pressure of 5 mm Hg or more during saralasin infu- 
sion; only 45 percent of patients with and 6 percent of those without re- 
novascular hypertension had a reduction of 10 mm Hg or greater during. 
infusion. In comparison, 80 percent of patients with and 18 percent of those 
without renovascular hypertension had a positive intravenous pyelogram. — 
The predictive value of a positive saralasin test (5 mm Hg or greater re- _ 
duction in diastolic pressure) was calculated for varying prevalence rates 
of renovascular hypertension with use of Bayes theorem. The results in- 
dicate that when the prevalence rate of renovascular hypertension among 
hypertensive patients is 5 percent, only 25 percent of positive saralasin 
tests will correctly predict its presence. 


Renovascular hypertension is the most common form of surgically cur- 
able hypertension. Estimates of its prevalence have varied depending 
on whether the patients studied were seen in an outpatient clinic or in 
a specialty care center.! Until recently, screening of hypertensive patients: 
for renovascular hypertension has relied upon use of the rapid sequence 
intravenous pyelogram or radioisotope renogram. Both techniques have 
been extensively studied for their value in this context.? Recent emphasis 
has been placed on the renin-angiotensin system in screening for reno- 
vascular hypertension. Many patients with proved renovascular hy- 
pertension have high levels of plasma renin activity or have striking re- 
ductions in blood pressure when treated with propranolol, the renin- 
lowering beta receptor blocking drug,* Specific blockade of the renin- 
angiotensin system with administration of peptide analogs of angiotensin 
II such as saralasin*~ or by inhibition of converting enzyme!” has-also 
caused large reductions in pressure in patients with renovascular hy- 
pertension. 

It has been suggested that saralasin might have usefulness as a 
screening test. We present. observations of this angiotensin antagonist: 
in screening 53 patients for renovascular hypertension, 19 patients with - 
and 34 patients without this condition as assessed from intravenous 
pyelograms and renal arteriography. 


Methods 


Selection of patients: Patients were referred by their physician because re- 
novascular hypertension was suspected or was to be excluded by renal arteri- 
ography. The usual reasons for referral were (1) abnormal intravenous pyelo- 
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gram, (2) recent onset of hypertension in a young adult, (3) 
“resistance” to antihypertensive drug treatment, and occa- 
sionally (4) presence of an abdominal bruit. 

Protocol: Administration of all antihypertensive drugs was 
discontinued 1 week before the patients’ admission, but a diet 
without added salt was prescribed. Most studies were per- 
formed after patients were hospitalized on the medical ser- 
vices of The Mount Sinai Hospital or the Clinical Research 
Center. Two studies were performed in outpatients who ad- 
hered rigidly to the conditions of the protocol. On the Ist day 
of study, a complete history and physical examination were 
performed. SMA 6 and 12 channel blood chemistry determi- 
nations were obtained as were a spot urine test for meta- 
nephrine (if pheochromocytoma had not been previously ex- 
cluded) and a pregnancy test for women of child-bearing po- 
tential. Patients were kept on a no added salt diet (80 to 100 
mEq sodium). A complete 24 hour urine collection for elec- 
trolyte determinations was obtained on the 2nd day as was a 
venous blood sample for plasma renin activity at midday after 
the patient had been out of bed for 3 hours. 

The saralasin infusion study was performed on the 
morning of the 3rd or 4th day after a diuresis had been pro- 
duced by administration of furosemide, 80 mg orally at 7 p.m. 
the preceding evening. All infusions were carried out in a 
special study area with a quiet atmosphere. A slow intravenous 
infusion of 5 percent dextrose in water was initiated and 
maintained throughout the study. Blood pressure was moni- 
tored at 2 minute intervals with the Arteriosonde 1216 (Roche 
Instruments, Inc.). All patients were studied in the supine 
position. After a 60 minute observation period, a venous blood 
sample for plasma renin activity was obtained. Blood pressure 
was monitored for an additional 30 minutes. Then 18 mg of 
saralasin was infused over 30 minutes utilizing a Harvard 
syringe pump. At the end of the infusion a second venous 
blood sample for measurement of plasma renin activity was 
obtained. Blood pressure was monitored for an additional 60 
minutes after termination of the saralasin infusion. 

Responses to saralasin infusion were assessed by using the 
t test for unpaired variates to compare the average of 10 blood 
pressure measurements preceding infusion with the last 10 
measurements before cessation of the infusion. Thus, the 
transient pressor action that may occur during the first 5 
minutes of infusion! was avoided in the analysis. This method 
avoids biased interpretation and adjusts for variability of 
arterial pressure as revealed in either the preinfusion control 
period or during infusion of the peptide. The data were easily 
processed through programs written for the Tektronix-31 desk 
top computer. 

Bilateral renal venous catheterization for plasma renin 
activity and renal arteriography were performed on the 5th 
or 6th day. Lateralization of renin production was assessed 
by the criteria of Vaughan et al.!? 


TABLE | 








Characteristics of Patients 
Renovascular Nonrenovascular 
Hypertension Hypertension 
Patients (n) 19 34 
Studies {n) 20 34 
Age 
Range (yr) 10-76 16-59 
Mean + SD 41+.19 354+ 11 
Women/men 13/6 14/20 (chi square = 3.62, 
p = 0.06) 
White/black ? 17/2 30/4 





Renovascular hypertension was considered present on the 
basis of (1) signifieant anatomic lesions of main renal arteries 
or branches, (2) response to surgery, and (3) lateralization of 
renin production in cases of unilateral renal arterial stenosis. 
Plasma renin activity was determined by radioimmunoassay 
of generated angictensim | according to methods employed in 
this laboratory. This research protocol was approved by 
The Mount Sinai Hospital Committee for Human Research. 
Informed consent was cbtained in advance from all subjects 
studied. 


Results 


Clinical features of patients: The characteristics 
of the patients with and without renovascular hyper- 
tension are summarized in Table I. The wide age range 
in the group with renovascular hypertension reflects the 
presence of younger patients with fibromuscular dys- 
plasia and older patients with atherosclerotic renal ar- 
tery disease. Although the mean age of the two groups 
was not significantly different, that of 35 years for the 
group without renovascular disease indicates that 
younger hypertensive patients were referred for eval- 
uation. The ratio of wemen to men was nearly 2:1 in the 
group with renovascular hypertension; this ratio was of 
borderline statistical significance when compared with 
the sex ratio of the group without renovascular hyper- 
tension. The ratio of white to black patients was similar 
in both groups. 

Intravenous pyelography: The results of this pro- 
cedure in both groups of patients are shown in Table IL. 
A predominance of positive intravenous pyelograms was 
apparent in the group with renovascular hypertension. 
Of the six patients with an abnormal intravenous py- 
elogram in the group without renovascular hyperten- 
sion, one had hydronephrosis, one had multiple cysts 
and four had hypoplastic kidneys as subsequently re- 
vealed by renal arteriography. None of these patients 
had lateralization of renal venous renin activity. Four 
patients with renovascular hypertension had a normal 
intravenous pyelegram. One of these had bilateral renal 
arterial stenosis and one had branch renal arterial ob- 
struction. The others had significant anatomic stenosis 
of the main renal artery. 

Plasma renin activity: Measurements of plasma 
renin activity determined at midday on day 2 of the 
study are shown in Table III. Also given is the 24 hour 
excretion rate of sodium for the same day and the 
plasma renin activity determinations immediately be- 
fore and at the end of the saralasin infusion. Midday 
measurements were significantly higher in the group 
with renovascular hypertension. For both groups there 











TABLE ll 
intravenous Pyelograms 
Rencvascular Nonrenovascular 
Hypertension Hypertension 
r % A % 
Positive 18 89 6 18 
Negative 4 20 28 72 


chi square = 20.3, p < 0.001 
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was excellent correlation between the midday and 
preinfusion plasma renin activity levels (r = 0.68, p 
<0.001), the latter having been obtained in the supine 
> position, but on the morning after furosemide given on 
-the preceding evening. After saralasin infusion plasma 
-renin activity increased significantly in the group with 
renovascular hypertension, but did not change signifi- 
< cantly in the group without renovascular hypertension. 
The resultant postinfusion plasma renin activity levels 
were nearly fourfold greater in the group with than in 
the group without renovascular hypertension. 
Saralasin infusion and blood pressure response: 
Figure 1 depicts the effects of saralasin infusion on di- 
astolic arterial pressure in both groups of patients. 
Infusion of the peptide caused a significant reduction 
in diastolic pressure (9 + 2 mm Hg; p <0.01) in the 
group with renovascular disease. In the group without 
renovascular hypertension the mean change in diastolic 
pressure was —1 + 1 mm Hg (not statistically signifi- 
cant). Figure 2 shows the percent of responses within 
a given range of pressure and the cumulative percent 
below a certain change in pressure. In the group with 
renovascular hypertension diastolic pressure was re- 


<- duced by 10 mm Hg or more in 45 percent of studies and 


by 5 mm Hg or more in 75 percent of studies. In con- 
trast, in the group without renovascular hypertension 
diastolic pressure was reduced by 10 mm Hg or more in 
only 6 percent and by 5 mm Hg or more in only 12 per- 
cent. Because the reduction of 5 mm Hg produced the 
best discrimination between groups (17 percent mis- 
classified; 5 of 20 with renovascular hypertension and 
4 of 34 without renovascular hypertension) this value 
was used as the basis for a positive test. By this criterion, 
the true positive rate for the saralasin test in detecting 
renovascular hypertension was 75 percent and the false 
positive rate 12 percent. The false negative rate for the 
saralasin test was 25 percent and the true negative rate 
88 percent. 


Discussion 


The development of specific peptide antagonists of 
angiotensin II has led to a direct test of the role of the 
renin-angiotensin system in clinical renovascular hy- 
pertension. Early experience with saralasin indicated 








TABLE Ill 
Plasma Renin Activity (PRA) Determinations 
Renovascular §Nonrenovascular 
Hypertension Hypertension p* 
PRA midday 1454 3.4 5.0 0.8 <0.01 
(nig/mi per h) 
24 h urinary sodium 97 + 12 96+ 13 NS 
(mEq) 
PRA preinfusion 14.1 £ 2.4 5.9 0.7 <0.01 
{ng/ml per h) 
PRA postinfusion 29.7 + 6.5 7.8 + 1.3 <0.01 
{ng/ml per h) 
APRA (ng/ml per h) 15.6 + 4.8? 1910 <0.01 





* p (probability) values are for comparison of the two groups; NS = 
not t significant. 
t p <0.01 by matched pair t test. 
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FIGURE 1. Effect of saralasin infusion upon diastolic arterial: pressure = 
in patients. with (RVH) and without renovascular hypertension (non RVA 
The mean value + standard error of the mean for each group is indi- 
cated by the horizontal bars. : 


that nearly.all patients with renovascular hypertension 
had reductions in pressure during infusion of the pep- — 
tide especially when prepared by diuresis or a low salt 
diet.4-° It was even implied that patients who had no 
decrease in pressure with saralasin infusion need not be 
further evaluated for renovascular hypertension. +? 
Subsequently, case reports!*!8 have documented the 
presence of surgically curable renovascular hyperten- 
sion in patients with negative saralasin studies. Past 
studies have also documented that a small proportion 
of patients without renovascular hypertension—for 
example patients with presumed high renin essential 
hypertension*® or secondary hypertension due to 
coarctation,!9 Cushing’s syndrome” or renal trans- 
plantation,2! also have depressor responses during sa- 
ralasin infusion. If saralasin is to be used in screening 
patients for renovascular hypertension these secondary — 
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FIGURE 2. Distribution of diastolic blood: pressure (BP) responses to 
saralasin in-patients with (RVH) and without (nonRVH) renovascular 
hypertension: The bars indicate the percent of patients responding with 
a given change in pressure. The curves present the cumulative percent 
of responses summated from left to right. 
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FIGURE 3. Calculated predictive value of positive or negative saralasin 
tests in relation to prevalence of renovascular hypertension (RVH) in 
a population to be screened. 


. ; forms of hypertension should be excluded as was the 


ease in our series. In addition, renal arteriography and 
-7 renal venous renin studies proved the lack of renovas- 

cular hypertension in all of our patients with false pos- 
itive saralasin studies. 

Significance of a positive or negative saralasin 
infusion test: In our series the saralasin test was posi- 
tive in 75 percent of patients with proved renovascular 
hypertension, but 12 percent of those proved not to have 
renovascular hypertension had a false positive test. 
Should these estimates be applicable to more wide- 
spread screening for renovascular hypertension 
- employing saralasin, the prevalence of renovascular 

hypertension becomes a factor in determining the pre- 
dictive value of this test according to the Bayes theo- 
rem.” Figure 3 demonstrates the relation between 
prevalence of renovascular hypertension and the like- 
liheod of renovascular hypertension if the saralasin test 
is positive or negative. It is apparent that if the preva- 
lence rate of renovascular hypertension is low (for ex- 
ample, 2 percent), only 10 percent of positive saralasin 


<- tests will indicate renovascular hypertension because 


of the predominant number of false positive tests in the 
98 percent of hypertensive patients without this con- 
dition. If renovascular hypertension is more prevalent, 
the usefulness of the saralasin test increases. However, 
the increasing fraction of false negative tests becomes 
more apparent. 

Plasma renin activity versus change in blood 


n pressure: Two recent.studies have suggested that either 


the change in plasma renin activity during saralasin 
infusion or its absolute level at the end of infusion may 


assist in the discrimination between renovascular and 
essential hypertension.234 Analysis of our data on 
plasma renin activity levels at midday, and before or 
after saralasin infusion showed that the change in dia- 
stolic pressure proved a better discriminator between 
renovascular and nonrenovascular hypertension than 
did absolute levels of plasma renin activity, change in 
absolute levels during infusion or percent change in 
these levels. The change in systolic pressure during sa- 
ralasin infusion was also a poorer discriminator than the 
change in diastolic pressure. It is possible that variations 
in the protocol for study or the composition of the 
groups of patients account for these differences between 
our results and those reported. 

The depressor action of saralasin may be related te 
the degree of sodium depletion before infusion. Al- 
though more drastic or prolonged diuresis may lead to 
a great percent of depressor responses in those with 
renovascular hypertension, it is likely that those without 
renovascular hypertension will also have more depressor 
responses”>?6, that is. for more true positive responses 
there will be more false positive responses in screening 
for renovascular hypertension. 

Clinical implications: Because of the partial agonist 
action of saralasin”’ it has been suggested that inhibi- 
tion of converting enzyme reveals the role of the 
renin-angiotensin system in clinical hypertension toa 
greater extent.?8 This may be of little value in screening 
for renovascular hypertension if significant depressor 
responses to inhibition of converting enzyme occur in 
a large fraction of patients with normal renin hyper- 
tension and even in some with low renin essential hy- 
pertensives. Furthermore, the antihypertensive action 
of SQ-14225 and SQ-20881 may not entirely be ex- 
plained by reduction in circulating angiotensin I, thus 
raising questions as to the specificity of these 
drugs.?9.30 

It may be argued that the saralasin test reveals sig- 
nificant information about the role of the renin-angio- 
tensin system in hypertensive patients even if reno- 
vascular hypertension is not present. Such information 
may be useful in predieting responses to drug treatment, 
but controlled trials of this approach have yet to be 
published. At present, the saralasin test appears to be 
as useful as the intravenous pyelogram in screening 
patients for renovascular hypertension. The ultimate 
cost-effectiveness and risk-benefit considerations of the 
saralasin test in relation to other techniques in screening 
for renovascular hypertension remain to be estab- 
lished. 
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Seventy-two hypertensive patients were treated with pindolol, a beta 
adrenergic blocking drug with intrinsic sympathomimetic activity. Serial 
measurements cf systolic time intervals were utilized (1) to determine 
whether the therapeutic response to pindolol was predictable from: pre- 
treatment measurements, and (2) to assess changes in cardiac function 
during a 15 week treatment period. Patients with an abnormal pretreat- 
ment ratio of preejection period to lefi ventricular ejection time (PEP/ 
LVET) of greater than 0.42 were less likely to respond with a decrease 
in mean blood pressure of greater tham 10 percent (8 of 22) than were 
patients with a normal (0.42 or less) pretreatment PEP/LVET ratio (33 
of 50) (p <0.05). Patients with low renin hypertension were as likely to 
respond as patients with normal renin hypertension. All three patients with 
high renin hypertension responded to pindolol. When patients with high 
renin hypertension were excluded, the systolic time intervals were a better 
predictor of response than was the renin classification. In patients with 
an abnormal pretreatment PEP/LVET ratio who responded to pindolol, 
treatment resulted in an apparent imprevement in cardiac function (that 
is, decrease in PEP/LVET ratio), presumably reflecting the influence of 
a reduced afterlead. 


Beta adrenergic blocking drugs are effective and widely used antihy- 
pertensive agents.'-? The mechanisms by which these drugs decrease 
blood pressure are complex and incompletely characterized. It is very 
likely that the effectiveness of beta adrenergic blocking agents as anti- 
hypertensive agents is influenced by the status of cardiac function and 
sympathetic activity prior to therapy.” 

Pindolol (also known as LB-46 or Visken) is a potent beta adrenergic 
antagonist. It also possesses intrinsic sympathomimetic activity and as 
a result appears to cause less depression of cardiac function! and less 
bronchoconstriction!! than do beta blocking agents without this action. 
Results from clinical trials!?-!> in Europe and Australia using pindolol 
alone or in combination with other antihypertensive agents have dem- 
onstrated that this compound significantly reduces blood pressure in 
more than 60 percent of the patients studied. 

As part of a phase II clinical trial designed to document the antihy- 
pertensive effectiveness of pindolol, cardiac function was assessed by 
measuring serial systolic time intervals. This method was used for the 
purposes of (1) determining whether therapeutic response is influenced 


_ by, or predictable from, control values of blood pressure, heart rate or 


systolic time intervals, and (2) detecting changes in cardiac function that 
might occur during long-term administration of pindolol. 


614 March 1980 . The American Journal of CARDIOLOGY Volume 45 


Methods 


Patients: Criteria for inclusion in this study were: (1) stable 
uncomplicated hypertension of mild to moderate severity 
defined as a blood pressure greater than 150/100 and less than 
230/120 mm Hg; (2) age less than 65 years; (3) presence of 
_ sinus rhythm and an electrocardiographic QRS duration of 
Jess than 100 ms; (4) absence of clinical evidence of congestive 
heart failure (cardiomegaly, basilar rales or ventricular gallop 
sound). Patients were excluded if they had concurrent disease, 
that is, bronchial asthma, chronic obstructive lung disease, 
chronic alcoholism, angina pectoris, insulin-treated diabetes, 
renal insufficiency (blood urea nitrogen greater than 30 
mg/100 ml) and bradycardia (heart rate less than 50 beats/ 
min). Only patients characterized as compliant (on the basis 
of pill: counts and clinic attendance) were included. 

Experimental design: The study was approved by the 
University of Maryland Human Volunteers Committee and 
each subject signed the approved consent form. All antihy- 
perttéensive and diuretic medications were discontinued for at 
least- 2.weeks before entry into the study and patients were 
advised to avoid excess salt intake. Initially, an oral placebo 
was administered three times a day for 3 weeks. Baseline 
measurements were determined at the end of this single-blind 
placebo washout period. Baseline systolic time intervals, heart 
- Yate, and blood pressure measurements were obtained while 
the patient was in the resting supine state. Blood pressure was 
measured with a mercury sphygmomanometer. Three blood 
pressure measurements were obtained at 2 minute intervals 
and these readings were repeated three times at 30 minute 
intervals, The baseline blood pressure was taken to be the 
average of these nine readings. Mean blood pressure was cal- 
culated as one-third pulse pressure added to the diastolic 
pressure. 

Plasma renin activity: All subjects had blood drawn for 
determination of plasma renin activity on two occasions 
separated by 2 weeks during the period of placebo adminis- 
tration. A 24 hour urine collection fer creatinine, sodium and 
volume. measurement was completed at 8:00 a.m. on the day 
of the plasma renin activity test. Then, after the patient had 
been upright for 2 hours, a baseline blood sample was drawn 
at room temperature for renin activity determination. The 
plasma was separated in a refrigerated centrifuge and frozen 
as quickly as possible in order to minimize renin cryoactiva- 
tion.'® After the baseline blood sample had been taken, the 
patient received 80 mg of furosemide by mouth. Four hours 
later, the blood drawing and processing were repeated with 
the patient remaining upright most of the time. 

Subjects were classified in low, normal or high renin 
subgroups on the basis of: (1) the results of the 24 hour urine 
sodium and baseline renin determinations compared with 
values on a nomogram constructed from urinary sodium and 
plasma renin data in 42 normal subjects who had been serially 
studied in identical fashion on normal, low and high sodium 
diets; and (2) the response of plasma renin activity to furo- 
semide stimulation.!’ Patients’ plasma renin activity was 
classified as “low” if the stimulated renin activity remained 
less than 1 ng/ml per h, “normal” if it was 1 to 5 ng/ml per h 
and “high” if it was greater than 5 ng/ml per h after admin- 
istration of furosemide. As previously shown, the plasma renin 
activity values obtained by this method of categorization 
correlate well with those obtained during sodium restriction. 
© Plasma renin activity was measured by a modification of 
Sealey’s technique'® in which 8-hydroxyquinolone solution 
and dimercapral were used instead of diisopropylfluoro- 
phosphate as angiotensinase inhibitors. Urinary sodium was 
measured by flame photometer. 
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Determinations of systolic time intervals: Simultaneous. 
high frequency phonocardiogram, electrocardiogram and 
external carotid pulse tracing were recorded on an Irex mul- 
tichannel recorder at a paper speed of 100 mm/s with 10 ms ~. 
time lines. All recordings were obtained with the patientin 
a supine position with an approximately 30° elevation ofthe. 
head and trunk. All studies were performed in the morning,’ 
at least 3 hours postprandially. Systolic time intervals were 
measured according to standard techniques.'*-*! 

The left ventricular ejection time (LVET) was measured ~~ 
from the initial rapid upstroke to the incisura of the external © © 
carotid pulse tracing. Preejection period (PEP) was obtained 
by subtracting the left ventricular ejection time from the 
electromechanical systolic interval (Q-S.) measured from the — 
initial deflection of the QRS complex to the first high fre- 
quency component of the second heart sound. All patients had 
normal sinus rhythm and each value represents the mean of 
five consecutive cardiac cycles. The resultant mean systolic 
time intervals were corrected for heart rate using the linear. 
regression equation of Weissler et al.” and are expressed in 
Tables I and II as indexes. Subsequent references to pre-- 
ejection period, Q-Se and left ventricular ejection time inthe — 
text refer to these rate-corrected values. The isovolumic. 
contraction time was calculated by subtracting the left ven- 
tricular ejection time from the heart sound interval ($; =S). 
Uncorrected preejection period and left ventricular ejection 
time were used to determine the PEP/LVET ratio. This ratio... 
is independent of heart rate, and the normal value + 2 stan- 
dard deviations is 0.34 + 0.08.7! 

Analysis of treatment response: After the initial placebo 
washout period, patients were randomly treated with 15,30 
or 60 mg/day of pindolol given in three divided doses. Systolic 
time interval measurements, heart rate and blood pressure 
were recorded at 8 and 15 weeks of therapy. Patients whose 
pretreatment mean blood pressure decreased by 10 percent. 
or more were classified as “responders”; those with lesser 
decreases were classified as “nonresponders.” When control 








TABLE | 
Characteristics and Classifications of Study Group 
Study Normal 
Group Values p 
Clinical data 
Age (yr) 
Mean 49.4 + 9.2 
Range 29-63 
Men (%) 98% 
Black (%) 67% 
Baseline BP (mm Hg) 
Systolic 153 + 16 
Diastolic 103 46 
Mean 120 +9 
Renin group 
High 3 
Normal 19 
Low 50 
Baseline STI 
Q-S» iims) §38 + 20 546 + 14 <0.01 
PEPI (ms) 136 + 20 1344 13 <0.05 
ICT (ms) 53+ 21 38+ 10 <0:001 
LVETI (ms) 403 + 20 413 + 10 <0.001 
PEP/LVET 0.39 + 0.09 0.34 + 0.08 <0.001 





Values shown are mean values + standard deviation. 

BP = blood pressure; | = index; ICT = isovolumic contraction time: 
LVETI = teft ventricular ejection time index; PEPI = preejection period - 
index; p = probability; PEP/LVET = ratio of preejection period to left 
ventricular ejection time. STI = systolic time intervals. 
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values were compared with measurements obtained during 
therapy for each patient, the systolic time intervals deter- 
mined at the time of the lowest blood pressure were used. 

To analyze and compare therapeutic responses in patients 
with normal versus those with abnormal left ventricular 
< function, patients were divided into two groups dependent 

- upon their baseline PEP/LVET ratio. Patients with a PEP/ 

LVET ratio equal to or less than 0.42 (normal mean plus 2 
standard deviations) constituted Group I (normal left ven- 
tricular function) and patients with a PEP/LVET ratio 
greater than 0.42 were inciuded in Group H (abnormal left 
ventricular function). 

Statistical analyses included paired and nonpaired t tests 
and chi square statistics. 


Fesults 


Patient characteristics: The clinical characteristics, 
renin status and baseline systolic time intervals of the 
72 hypertensive patients are shown in Table I. The 
majority of patients were black men with a low or nor- 
__ mal renin level. The mean systolic time intervals in our 

_ patients differed significantly from those of the normal 
subjects of Weissler et al“9 in that the Q-S» interval and 
left ventricular ejection time were significantly short- 
ened and the preejection. period, isovolumic contraction 
time and PEP/LVET ratio were significantly increased. 
Fifty patients (69 percent of the total) had a PEP/ 


TABLE Il 


.. Characteristics and Classification of Pindolol Responders 
> Compared with Nonrespornders” 








Responders Nonresponders 
Baseline Value (A = 41) {n = 31) p 
Age (yr) 5149 4849 NS 
Race 
Black 32 (67%) 16 (34%) <0.05 
White § (38%) 15 (61%) 
Baseline blood 
pressure (mm Hg) 
Systolic 157 + 17 1474 13 <0.02 
Diastolic 447 10246 NS 
Mean 12249 117 +8 <0.05 
Baseline heart rate 
(beats/min) 72+ 14 69+ 11 NS 
Daily dose (mg/day) 
15 1& (58%) 11{42%) 
30 14 (61%) 9 (39%) NS 
60 12 (52%) 11 (48%) 
Baseline systolic 
time intervals 
Q-Sol (ms) 540 + 20 §34 + 21 NS 
PEPI (ms) 121+ 20 1414 19 <0.05 
ICT (ms) 48421 60 + 21 <0.025 
LVETI (ms) 409 + 22 395 + 16 <0.005 
PEP/LVET 0.36 + 0.09 0.41 + 0.08 <0.02 
Group | 
(PEP/LVET <0.42) 32(66%) 17 (34%) 
Group It <0.05 
(PEP/LVET >0.42) & (36%) 14 (64%) 
Renin:group 
High = (100%) 0 NS 
Normal 14 (58%) 8 (42%) 
Low 27 (54%) 23 (46%) 


* Values shown are mean +£ standard deviation. 

ICT = isovolumic contraction time; LVETI = jeft ventricular ejection 
time index; NS = not-significant; p = probability; PEPI - preejection 
period index; PEP/LVET = ratic: of preejection period to left ventricular 
ejection time. 


LVET ratio of 0.42 orless (Group I) and 22 patients had 
a PEP/LVET ratio greater than 0.42 (Group H). There 
were no significant correlations among the clinical 
characteristics, renin status and systolic time inter- 
vals. 

Responders te pindolol versus nonresponders: Of 
the 72 patients treated with pindolol, 41 (57 percent) 
were classified as responders and 31 (43 percent) as 
nonresponders. The clinical characteristics and systolic 
time intervals of these two groups are compared in 
Table Il. There was no significant difference in the 
number of. patients responding in each of the three 
dosage groups. There were also no differences in age, 
initial heart rate or Q-So interval between responders 
and nonresponders. 

A greater proportion of black than of nonblack pa- 
tients responded to pindolol. Responders tended to have 
higher baseline systolic and mean blood pressures than 
did nonresponders. However, there were no correlations 
between race and baseline blood pressure or systolic 
time intervals. Responders had a significantly shorter 
mean preejection period and isovolumic contraction 
time and a significantly longer mean left ventricular 
ejection time than did nonresponders. Of the 50 patients 
in Group I (PEP/LVET ratio 0.42 or less), 33 (66 per- 
cent) were responders compared with only 8 of 22 pa- 
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FIGURE 1. Systolic time intervals in Group | responders {n = 33) and 


in Group Ii responders {n =. 8) before and-during treatment (Rx) with 
pindolol. * = p <0.0&. The shaded areas represent the normal mean 
values +2 standard deviations. 
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tients (36 percent) in Group II (PEP/LVET greater 
than 0.42) (p <6.05). Thus, patients with an abnormally 
increased pretreatment PEP/LVET ratio were less 
likely to respond than were patients with a normal 
PEP/LVET ratio. 

High, normal and low renin groups: All three pa- 
tients classified as having “high renin” were responders. 
Fifty-eight percent of patients with “normal” renin and 
54 percent of those with “low” renin responded. One 
patient with high renin, 13 with normal renin and 36 
with low renin were in Group I. There was no apparent 
- relation between renin status and baseline systolic time 
intervals or response to therapy. 

Effect on systolic time intervals: The systolic time 
~- intervals before and during treatment for responders 

are shown in Figure 1. The PEP/LVET ratio increased 
from 0.33 + 0.06 to 0.39 + 0.08 in the 33 responders in 
: Group I (p <0.001), but decreased from 0.51 + 0.07 to 

0.42 + 0.06 in the 8 responders in Group I (p <0.05). In 
Group I responders, the preejection period significantly 
increased, whereas the left ventricular ejection time 
significantly decreased with therapy. In Group II re- 
sponders, the preejection period decreased and the left 
ventricular ejection time increased with therapy. There 
-was no significant change in heart rate or Q-S interval 
in either group with therapy. Although the mean values 
for systolic time intervals before and after therapy were 
not significantly different for nonresponders as a group, 
11 of 15 “nonresponding” patients (73 percent) had an 
increase in PEP/LVET ratio. 

DBP/PEP ratio: Before treatment, the ratio of di- 
astolic blood pressure to preejection period (DBP/PEP) 
was higher for responders in Group I than in Group H. 
During therapy, the DBP/PEP ratio decreased in the 
responders in Group I, but was unchanged in the re- 
sponders in Group II (Fig. 2). The mean DBP/PEP ratio 
+ standard deviation of 50 normal subjects studied in 
our laboratory was 858 + 146. 


Discussion 


Although the majority of patients with systemic hy- 
pertension will respond to beta adrenergic blockade, 
minimal or no change in blood pressure occurs in 5 to 
40 percent of patients treated with various beta blocking 
drugs.!-35,6.12-15.22 Obviously it would be useful if the 
clinician could reliably identify those patients who 
would or would not respond to beta receptor blockade. 
In this study of pindolol, a beta adrenergic blocking drug 
with intrinsic sympathomimetic activity, we compared 
the 41 patients (57 percent) who showed a 10 percent 
or greater reduction in mean blood pressure (respond- 
ers) with the 31 patients (43 percent) whose blood 
pressure did not decrease to this degree (nonrespond- 
ers), Race, pretreatment blood pressure and systolic 
time intervals differed significantly in these two 
groups. 

Predictors of blood pressure response to beta 
blockade: Essential hypertension, even when the 
clinical presentation is uncomplicated, is not a homo- 
geneous clinical or hemodynamic entity. As a result, 

‘many. potentially important factors could be considered 
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possible predictors of clinical response to beta adren- 
ergic blockade. Earlier studies had suggested that older — 
hypertensive patients respond less well to beta block- > 
ade”?.24 and that renin levels are helpful in predicting 
clinical response.?.2?-27 However, other investigators 
found that these are not useful predictive face 
tors.®25.26.28-31 Tn our 72 patients, the average age of — 
responders and nonresponders did not differ signifi- 
cantly and the majority of patients (69 of 72, 96 percent) 
were classified as having normal or low renin hyper- 
tension. Because there were only three patients with 
high renin levels and there was no difference in response.” 
between the patients with normal and those with low 
renin levels, renin classification alone could not be used: 
as a “therapeutic predictor” in this population. 

Other factors suggested as predictors of response to 
beta adrenergic blocking agents include increased 
sympathetic activity,’ high cardiac output*** and labile- 
hypertension.*2 Several recent studies have demon- 
strated a lack of correlation between decreases in blood — 
pressure during treatment with beta blocking agents- 
and control values of either peripheral resistance?) 
urinary catecholamine excretion®®.*?4 or initial cardiac 
output.2930.34-38 However, the influence of left ven- 
tricular function on therapeutic response and the 
changes in left ventricular function during therapy have 
not been extensively studied. 

Influence of left ventricular function on thera- 
peutic response: use of systolic time intervals: In. 
choosing a method to study the influence of left ven- 
tricular function on response to beta receptor blockade, - 
practical considerations require that the method be safe, 
relatively simple, inexpensive and widely available. The 
measurement of systolic time intervals fulfills all these 
prerequisites and is accepted as a useful noninvasive | 
indicator of left ventricular function.2! The ratio of the 
preejection period to the left ventricular ejection time 
(PEP/LVET) has been shown to be inversely related to 
left ventricular ejection fraction.” In addition, the rate 
of rise of left ventricular pressure measured indirectly 
(ratio of diastolic pressure to isovolumic contraction 
time [DBP/ICT]) provides a reliable index of maximal 
dP/dt (first. derivative of ventricular pressure) measured 
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FIGURE 2. Ratio of diastolic blood pressure and preejection period 
(DBP/PEP) in Group | responders and in Group Il responders before and 
during treatment (Rx) with pindolol. * = p <0.05. 


March 1980 The American Journal of CARDIOLOGY Volume 45 617 








PINDOLOL. TREATMENT -OF HYPERTENSION—PLOTNICK ET.AL. 


directly from the left ventricle.*8 In patients without 
intraventricular conduction delay, the preejection pe- 
riod (PEP) can be substituted for isovolumic contrac- 
tion time (ICT) and is more easily measured. 

Previous studies of systolic time intervals in asymp- 
tomatic patients with essential hypertension have 
“demonstrated a wide range of values.29.39~45 The find- 
ings of increased preejection period, decreased left 
ventricular ejection time and increased PEP/LVET 
ratio in our study group are similar to those of several 

previous reports.4°-42 

Although Tarazi et al.4° reported that the prolonga- 

tion of preejection period in patients with compensated 
hypertension is secondary to prolongation of the Q-S,; 
interval with the isovolumic contraction time remaining 
normal, in our patients the isovolumic contraction time 
was significantly prolonged. The prolonged preejection 
period and isovolumic contraction time could be ac- 
counted for by diminished ventricular function (de- 
-ereased dP/dt) or by the need to generate a higher 

-pressure before aortic valve opening (effect of diastolic 
blood pressure).4*4> Although Tarazi et al.4° reported 
a correlation between preejection period and diastolic 
blood pressure, we were unable to substantiate this 
correlation. Therefore, we postulate that in our hyper- 
tensive patients impaired cardiac function, reflected by 
an increased preejection period, is common. 

For analysis, we classified the patients into those with 
a normal pretreatment ventricular function (normal 
PEP/LVET ratio) and those with impaired function 
(abnormal ratio). Sixty-six percent of patients with a 
normal ratio responded to beta receptor blockade, 
- whereas 64 percent of patients with an abnormal ratio 
failed to respond. The potential clinical utility of this 
finding is obvious. 

Effect of pindolol on ventricular function: In 
addition to our observation that baseline systolic time 
intervals predict the likelihood of a satisfactory clinical 
response to beta blockade with pindolol, we were in- 
trigued by the changes in systolic time intervals seen 
during pindolol therapy {Fig. 1). The 33 patients with 
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FIGURE 3. Proposed model to expiain differences in response between 
patients with normal (<0.42) and abnormal (20.42) PEP/LVET ratio. 
BETA block = beta adrenergic blocking effect; DBP = diastolic blood 
pressure; ISA = intrinsic sympathomimetic activity; LVET = left ven- 
tricular ejection time; PEP = preejection period. 





a normal baseline PEP/LVET ratio who responded to 
pindolol (Group I) showed an increase in this ratio 
during treatment, whereas the small group of 8 patients 
with an abnormal PEP/LVET ratio who responded to 
pindolol (Group I) showed a decrease in this ratio 
(tendency to return to normal). 

It is likely that the impact of pindolol on cardiac 
function depends on the relative contribution of three 
factors: (1) the hypotensive effect, (2) the beta blocking 
action, and (3) the intrinsic sympathomimetic activity. 
Recognizing the opposing effects of beta receptor 
blockade and intrinsic sympathomimetic activity, we 
suggest a hypothetical model that could explain the 
observed and directionally opposite changes in left 
ventricular function seen in patients who responded 
with similar decreases in blood pressure during pindolol 
therapy (Fig. 3). The DBP/PEP ratio was significantly 
higher in Group I responders than in Group II re- 
sponders. Using this ratio as an indirect measure of left 
ventricular dP/dt, we propose that a higher DBP/PEP 
ratio reflects a relatively higher level of beta sympa- 
thetic “tone” (that is, greater cardiac beta adrenergic 
responsiveness). In turn, it might be expected that pa- 
tients with higher beta adrenergic sympathetic “tone” 
would show changes in cardiac function during pindolol 
therapy that would predominantly reflect the influence 
of beta blockade with little contribution from intrinsic 
sympathomimetie activity. In contrast, in patients with 
lower beta sympathetic “tone” (ower DBP/PEP ratio), 
the intrinsic sympathomimetic effect of pindolol might 
make a relatively greater contribution and result in 
maintenance or improvement of overall left ventricular 
function. The decrease in the DBP/PEP ratio during 
pindolol treatment in Group I responders reflects the 
anticipated effects of beta receptor blockade. In the 
Group II responders, the DBP/PEP ratio did not change 
during treatment, presumably reflecting a balance be- 
tween beta blocking and intrinsic sympathomimetic 
actions of pindolol. The overall decrease in the PEP/ 
LVET ratio in Group II responders is presumed to re- 
flect the effect of decreased blood pressure (afterload) 
with unchanged ventricular dP/dt. 

This proposed model for interpreting our findings is 
consistent with the conceptual framework suggested by 
Wiedmann et al.“ These investigators suggested that 
in hypertensive subjects there is “increased cardiovas- 
cular responsiveness to normal adrenergic outflow 
rather than sympathetic over-activity” and that 
“variations in sensitivity of cardiac and renal beta re- 
ceptors ... may modulate the effects of various sym- 
patholytic agents as well as beta blockers.” 

Although the clinical significance of the intrinsic 
sympathomimetic activity of some of the newer beta 
receptor blocking drugs is still controversial, a recent 
review of pindolcl suggests that the intrinsic sympa- 
thomimetic activity of this drug is clinically relevant.“ 
An alternative explanation for our findings should also 
be considered. The lack of reduction in DBP/PEP ratio 
in patients in Group II might reflect the greater impact: 
of afterload reduction in patients with poorer cardiac 
function. 
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Clinical implications: Our study of serial systolic 
time intervals in 72 patients treated with pindolol for 
uncomplicated essential hypertension suggests that 
these easily obtained values may provide a predictive 
clue for clinical response to beta adrenergic blockade. 
_ Patients identified as having normal cardiac function 
(Group D are more likely to respond to pindolol than are 


_. patients with abnormal cardiac function (Group II). 


Diréctionally opposite changes in systolic time intervals 
in the two subgroups suggest different mechanisms for 
changing cardiac function. Pindolol’s dual action as a 


. beta blocking agent with intrinsic sympathomimetic 
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activity is proposed as a possible explanation, beta 
blockade effects predominating in Group I and sym- | 
pathomimetic activity balancing the beta blocking effect 


in Group IL. Further studies are needed to document the 


predictive value of systolic time intervals and tochar- 
acterize further the unique changes in cardiac function 
seen during pindolol therapy. 
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in Normal and Hypertensive Man: Abnormal 
Renin-Aldosierone Patterns in Low Renin Hyper- 
tension @ Physiologic Characteristics of Hyper- 
tension @ Blood Pressure and Cardiac Per- 
formance m Neurogenic Factors in Human 
Hypertension: Mechanism or Myth? m 


505 pages, 150 figs. and tbis., index, $12.50 


2. Methods—tne methodology in- 
volved in the evaluation of the physiologic pa- 
fameters of high blood pressure. W An Eval- 
uation of Measurement Performance of Selected 
Blood Pressure Devices m Assay of Plasma Cate- 
cholamines. An Approach to Evaluating Altered 
Sympathetic Activity in Essential Hypertension S 
The Measurement of Plasma Renin Activity in 
Man @ Measurement of Urinary Aldosterone Ex- 
cretion in Man m Radioimmunoassay of Plasma 
Aldosterone @ Searching Out Low Renin Pa- 
tients: Limitations of Some Commonly Used 
Methods 


120 pages, 50 figures and tables, index, $7.56 


3. Renin System, Drug Ther- 


apy and Diet—the principles of man- 
agement and treatment, inciuding the role of 
_ ranin-aldesterone system in the strategy of 


treatment for high blood pressure. Also in- 


‘cludes special sections of hypertensive drug 
therapy and iow sodium diet. W Vaso- 


constriction-Volume Analysis for Understanding 
and Treating Hypertension. The Use of Renin and 
Aédosterone Protiles m The Volume Factor in Law 
and Normal Renin Essential Hypertension. its 
Treatment with Either Spironolactone or Chlor- 
thalidone @ The Antihypertensive Action of Pro- 
pranolol. Specific Antirenin Responses in High 
aad Normal Renin Forms of Essential. Renal, 
Renovascular and Malignant Hypertension ™ 
Antihypertensive Drug Therapy m Moderate Low 
Sodium Diet 


135 pages, 25 figures and tables. index, $7.50 
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I. Figure lisa pre-stress CKG (Cardiokymo- 
graph) tracing of the left ventricle (V3 posi- 
tion), 1t demonstrates: 

OA normal systolic inward motion 

GB midsystole bulging 

CC. holosystolic outward motion 

G D. other 

Il, Figure 2 is a two minute post-stress CKG 

(Cardiokymograph) tracing cf the left ven- 
tricle (V3 position), on the same patient, 
demonstrating: 

G A. normal systolic inward motion 

OB midsystolic bulging 

CC. holosystolicoutward motion 

I D. other 


UI. Figure3isaä thirty minute posi-stress rest- 
ing CKG (Cardiokymograph}tracing of the 
left ventricle (V3 position), onthe same 
patient, demonstrating: 

C A. normalsystolic inward motion 
OB midsystolic bulging 
OG. holesystohe outward moton 


m 


G D. other 




















IV. Figurésl, 2and3, taken together, 
demonstrate: 
C] A stress induced ventricular wall motion ab- 
normalities consistent with ischemia 
O B. normal ventricular wall motion 
V. According to recently published data, the 
CKG (Cardiokymograph) stress test is: 
O A 98% sensitive —98% specific 
O B. 59% sensitive--69% specific 
CIC. 74% sensitive —95% specific 
O D. 40% sensitive— 60% specific 
VI. Figure 4is.a photograph of: 
OA. CKG/700 (Cardiokymograph) 
O B anoninvasive device that provides an 
analog representation of wall motion 
OC. alow cost, simple device to be used in 
conjunction with stress testing to enhance 
diagnostic accuracy 
G D. allofthe above 
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BRETYLOL — 


(bretylium tosylate) 


Unique antifibrillatory-antiarrhythmic effect 
Unique mechanism of action 
Unique safety: no cardiac depression 


Bretylol® (bretylium tosylate), the unique 

new antifibrillatory-antiarrhythmic, provides 
lifesaving effects in the suppression of life- 
threatening ventricular arrhythmias unresponsive 
to lidocaine. 


See last page of this advertisement for prescribing information. 








. Lifesaving potential 


g: 


(bretylium tosylate). 





-in refractory ventricular arrhythmias 


Unicue antifibrillatory-antiarrhythmic effect 

Studies in laboratory animals demonstrate that 

Bretylol significantly raises the ventricular fibrillation 

threshold with a consistency and magnitude that ap- 

pears to be unique among antiarrhythmic agents! 
Bretylol (in conjunction with electrical cardio- 

version) frequently restores a normal sinus rhythm 

. within minutes following intravenous injection in 

: patients with ventricular fibrillation who have not 

responded to lidocaine. 

Bretylol often controis ventricular tachycardia and 
other life-threatening ventricular ectopic rhythms, 
even when recurrent or refractory to lidocaine. | 

Clinically, Bretylol exhibits specific therapeutic 
effectiveness against refractory ventricular arrhyth- 
mias of various etiologies; for example, ventricular 
fibrillation and/or tachycardia associated with myo- 
cardial infarction2-©*° open heart surgery,®"° and 
ischemic heart disease’ In one review of published 
experimental and clinical experiences with Bretylol'' 
the authors state, “clinical experience indicates that 
bretylium (Bretylol®) is frequently effective in the 
acute control of recurrent ventricular tachycardia or 
fibrillation resistant to other antiarrhythmic drugs... 
(and)...response of refractory ventricular arrhyth- 
mias to bretyliurn has been impressive’ 


_ Unique safety 
Unlike other antiarrhythmics, Bretylol does not de- 
press cardiac function or exert a negative inotropic 
effec® 

There are no reports of Bretylol causing toxicity to 
any of the organs, including liver, kidney, heart, bone 
marrow, blood or central nervous system. 


Therapy is generally well tolerated, and treatmen 
is seldom discontinued because of adverse effects. 

Reductions in blood pressure (usually orthostatic 
may occur as a result of adrenergic blockade: If the 
patient is kept supine, the reduction in blocd pres- 
sure is not usually clinically significant. Serious 
supine hypotension can occur in a few patients. 
Moreover, hypotension sometimes observed with 
Bretyiol is not necessarily incrsased when the 
dosage is increased. 


Unique cardiac effect 
in laboratory studies Bretylo! demonstrates.a posi- 
tive inotropic effect on the myocardium. Clinical 
reports confirm that Bretylol maintains cardiac out- 
put and does not depress myocardial function? 
Therefore, when used-as an antiarrhythmic 
Bretylo!l should not interfere with the major thera- 
peutic goal in the M.1. or post-open heart patient— 
the preservation of cardiac function. 
it is recommended that the clinician consult the 
full prescribing information for dosage instructions 
and possible adverse effects prior to using Bretylol. 
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2. Bernstein, LG. and Koch-Wesar, J., Circulation, 45:1024-1034, 1972. 
3. Chatterjee, K., Mandel, Wd., Vyden. J.K., Parndey, WW. and Forrester, J.S. JAM 
223-751-760, 1973. i 
4. Cardinal, R. and Sasyniuk, B.L, J. Pharmacol Exp. Ther, 204-169-174, 1978. 
5. Bacaner, M., AM. a} Cardiol, 21:530-543, 1968. 
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10. Ourandhar, R.W., Teasdale, $.J. and Mahon, WA., Can. Med. Assoc. J, 1051614161 
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11. Heissenbuttel, R.H. and Bigger, dT. Ann. intera. Med, 91-229-238, August 197! 
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Brist Summary of Prescribing information 

CLINICAL PHARMACOLOGY —BRETYLOL (bretylium tosylate) suppresses ventricular 
fibrillation and ventricular arrhythmias. The mechanisms of the aatifibrillatory and anti- 
arrhythmic actions of BRETYLOL are not established. In efforts to define these mech- 
anisms, the following electrophysiciogic: actions of BRETYLOL have been demonstrated 
zin animal experiments: 


1. increase in ventricular fibrillation threshold. 
z a in action potential duration and effective refractory period without changes 
n heart rate. 
3. Little effect on the rate of rise or amplitude of the cardiac actien potential (Phase 0} 
or in resting membrane potential (Phase 4) in normal myocardium. However, when cell 
-injury slows the rate of rise, decreasés amplitude, and lowers resting membrane poten- 
tial, BRETYLOL restores these parameters toward normal. 
4. increase in impulse formation and spontaneous firing rate of pacemaker tissue as 
well_as increased ventricular induction velocity. 


-The restoration of injured myocardial cell electrophysiology toward normal, as well as 
‘the increase of the. action potential duration and: effective refractory period without 
“changing their ratio to each: other, may be important factors in seppressing reentry of 
: aberrant impulses and decreasing induced dispersion of local excitable states. 

. BRETYLOL has a positive inotropic effect on the myocardium, but it is not yet certain 
“whether this effect is direct or is mediated by catecholamine release. 

BRETYLOL is eliminated intact by the kidneys. In various studies of BRETYLOL 
excretion, estimates of the terminal. half-life have varied from about 5 to about 10 hours, 
with.an even wider range in individual subjects (4 to 17 hours). Whether this represents 
true intrapatient variability or limitations of methodology remains to be determined. 

Effect on Heart Rate: There is sometimes an initial small increase in heart rate when 
BRETYLOL is administered, but this is an inconsistent and transient occurrence. 
Hemodynamic Effects: Following intravenous administration of 5 mg/kg of BRETYLOL 
to.patients with acute myocardial infarction, there was a mild increase in arterial pressure, 
followed by a modest decrease, remaining within normal limits throughout. Pulmonary 
artery pressures, pulmonary capillary wedge pressure, right atrial pressure, cardiac index, 
stroke volume. index, and stroke work index were not significantly changed. These hemo- 
dynamic effects were not correlated. with antiarrhythmic activity, 
Onset of Action: Suppression of ventricular fibrillation is rapid, usually occurring within 
Minutes following intravenous administration. Suppression of ventricelar tachycardia and 
“other-ventricular arrhythmias develops more slowly, usually 20 minutes to 2 hours after 
parenteral administration. 
INDICATIONS —BRETYLOL is indicated in the treatment of life-threatening ventricular 
arrhythmias, principally ventricular fibrillation and ventricular tachycardia, that have failed to 
respond to adeguate doses of a first-line antiarrhythmic agent, such as ddocaine or procain- 
amide, At this time, BRETYLOL should not be considered a first-line antiarrhythmic agent. 

Use of BRETYLOL should be limited to intensive care units, coronary care units or 
other facilities where equipment and personnel for constant moaitoring of cardiac 
amrhythmias and blood pressure are available. 

Following injection of BRETYLOL there may be a delay of 20 minutes to 2 hours in 
the onset of antiarrhythmic action, although it appears to act within minutes in ventricular 
fibrillation. The delay in effect appears to be longer after intramuscuiar than after intra- 
venous injection. 

CONTRAINDICATIONS — There are no contraindications to use in treatment of ventri- 
cular fibrillation or life-threatening refractory ventricular arrhythmias. 
- WARNINGS — Administration of BRETYLOL regularly results in postural hypotension. 
~Some degree of hypotension is present in about 50% of patients whlie they are supine. 
Hypotension may occur at doses lower than those needed to suppress arrhythmias. 
















Patients should be kept in the supine position until tolerance to the hypotensive 
effect of BRETYLOL develops. Tolerance occurs unpredictably but may be present 
after several days. 





Hypotension with supine systolic pressure greater than 75 mm Hg need not be treated 
unless there are associated symptoms. If supine systolic pressure falls below 75 mm Hg: 
an infusion of dopamine or norepinephrine may be used to raise blood pressure. When 
catecholamines are administered, a dilute solution should be employed and blood pressure = 
monitored closely because the pressor effects of the catecholamines are enhanced. by 


BRETYLOL. Volume-expansion with blood or plasma and correction of dehydration should = 


be carried out where appropriate. 

Due to the initial-release of norepinephrine from adrenergic postganglionic nerve 
terminals by BRETYLOL, transient hypertension or increased frequency of premature: ven- 
tricular contractions and other arrhythmias may occur in some patients. 

The initial release of norepinephrine: caused by BRETYLOL may aggravate digitalis 
toxicity. When a life-threatening cardiac arrhythmia occurs in. a digitalized. patient, 
BRETYLOL should be used only if the etiology of the arrhythmia does not appear to be 
digitalis toxicity and other antiarrhythmic drugs are not effective. Simultaneous initiation 
of therapy with digitalis glycosides and BRETYLOL should be avoided. 


In patients with fixed cardiac output (Le., severe aortic stenosis or severe pulmonary = 


hypertension) BRETYLOL should be avoided since severe hypotension may result from 
a fall in peripheral resistance without-a compensatory increase in cardiac output. if 
survival is threatened by the arrhythmia; BRETYLOL may be used but vasoconstrictive 
catecholamines should be given promptly if severe hypotension occurs. 


USE IN PREGNANCY —The safety of BRETYLOL in human pregnancy has not been 
established. 


USE IN CHILDREN-The safety and efficacy of this drug in children has not bean 
established. 


PRECAUTIONS —BRETYLOL should be diluted (one part BRETYLOL with four parts of 
Dextrose Injection, USP or Sodium Chloride: Injection, USP) prior to intravenous. use. 
Rapid intravenous administration may cause severe nausea and vomiting. Therefore, the 
diluted solution should be infused over a period greater than 8 minutes. In treating existing 
ventricular fibrillation. BRETYLOL should be given as rapidly as possible and may be 
given without dilution. 

When injected intramuscularly, not more than 5 mi should be given in a site, and 
injection sites shouid be varied since repeated intramuscular injection into the same site- 
may cause atrophy and necrosis of muscle tissue, fibrosis, vascular degeneration and 
inflammatory changes. 

Since BRETYLOL is excreted principally via the kidney, dosage should be reduced in 
patients with impaired renal function. 


ADVERSE REACTIONS — Hypotension and postural hypotension have been the most 
frequently reported adverse reactions. Nausea and vomiting occurred in about three percent 
of patients, primarily when BRETYLOL was administered rapidly by the intravenous route. 
Vertigo, dizziness, light-headetiness and syncope, which sometimes accompanied postural 
hypotension, were reported in about 7 patients in 1000. 

Bradycardia, increased frequency of premature ventricular contractions, transitory hyper- 
tension, initial increase in arrhythmias (see Warnings section), precipitation of anginal 
attacks, and sensation of substernal pressure have also been reported in a small number 
of patients, i.e., approximately 1-2 patients in 1000. 

Renal dysfunction, diarrhea, abdominal pain, hiccups, erythematous macular rash, Hush- 
ing, hyperthermia, confusion, paranoid psychosis, emotional lability lethargy, generalized 
tenderness, anxiety, shortness of breath, diaphoresis, nasal stuffiness and mild conjunc- 
tivitis, have been reported in about 1 patient in 1000. The relationship of BRETYLOL 
administration to these reactions has not been clearly established. 


HOW SUPPLIED — NDC. 0094-0012-10: 10 mi ampul containing 500 mg bretylium 
tosylate in Water for injection, USP. January 1980 
Please refer to complete prescribing information prior tc use. 
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This is Station 7 at Memorial 
City General Hospital in Hou- 
ston, Texas, where Abbott's 
new “ACS” Arrhythmia Cen- 
tral is helping unit staff in the 
anticipation and prevention 
of life-threatening cardiac 
events. 


While Station 7 is a gen- 
eral.medical floor, many of 
the unit's patients are gradu- 
ates of the Critical Care Unit, 
since many arrhythmias be- 
gin recurring days after a pa- 
tient appears stable. Others 
monitored by the “ACS” are 
Post Op, or persons with 
suspected coronary prob- 
lems who are not ill enough 
to be considered as CCU 
candidates. 


In all cases, the 8-bed 
telemetry system watches for 
and trends arrhythmias that 
can foretell a possible, im- 
pending crisis. Treatment and 
drugs can be prescribed to 
reverse an arrhythmia pat- 
tern and block its recurrence. 


The concept is working 
at Memorial City General. 
And Abbott’s new “ACS” 
brings sophisticated and ef- 
fective arrhythmia detection 
within practical reach of all 
hospitals, regardless of size. 










More detailed informa- 
tion is available free from: 
Abbott Medical Electronics 
8330 Broadway, 

P.O. Box 12696 
Houston, Texas 77017 


Station 7 patients are monitored 
by means of battery-powered 
telemetry transmitters. Arrhyth- 
mias are more likely to occur 
with mobile, rather than supine, 
patients. 


= 


Ability to edit arrhythmia criteria if desired is a valuable feature of 
Abbott's ACS. Operator / System communication is via keyboard. 


C] 


ABBOTT 


Medical Electronics 





A life-threatening 


ges Breokinase infusion! 


BRE OKLNASE 


(urokinase) 


or injection 





NEW 
BREORINASE 


(urokinase) 


for injection 


Rapid and effective dissolution 
of pulmonary emboli. 








E Proven by controlled clinical studies} 


E More rapid and effective than heparin 
alone during the first 24 hours after 
start of therapy? 


1. Sasahara AA, Hyers TM, Cole CM, et al: The urokinase pulmonary embolism trial. Circulation (Suppl |!) 47:1-108, 1973. 
2. Fratantoni JC, Ness P, Simon TL: Thrombolytic therapy: Current status. N Eng J Med 293:1073-1078, 1975. 


Please see prescribing information on last page of this advertisement. It is important to pay close 
attention to WARNINGS and CONTRAINDICATIONS sections to minimize the risk of bleecing. 


_ "Febrile episodes occurred inabout 2-3% of urokinase-treated patients. A causal relationship to - S : 


o urokinase has not been established. 
tin vitro and intradermal tests gave no evidence of induced antibody formation: However the possi- 


= bility of serious allergic reactions occurring cannot be penta Thore have been rare reports Foo a 


- : -relatively mild allergic reactions such as bronchospasm and 

3 Sasahara AA, Bell WR, Simon TL Stengie JM, Sherry S: = phase Jl urokinase streptokinase : 
-pulmonary embolism trial. Thrombos Diathes Haemorrh (Stuttg) 33:464-476, 1975 

»  4-Urokinase pulmonary embolism trial study group: Urokinase-streptokinase embolism trial. JAMA 


| 229-4606-1613, 1974. 








Doctor: Before prescribing or administering 
Breokinase® (urokinase for injection) please read the 
` following product information. 


BREORI NASE’ 
( uroki nase ) for injection 


Breokinase (urokinase for injection) should be used 
only by physicians with adequate experience in the 
management of thrombotic disease in hospitals where 
necessary clinical and laboratory monitoring can be 
performed (see Warnings, Precautions and Dosage and 
| Administration). 

The physician should carefully assess the overall 
‘clinical status and history of the patient before 
beginning urokinase treatment. Urokinase produces 
more profound changes in hemostasis and a greater 
| frequency of bleeding than heparin or oral coumarin 
| anticoagulant therapy. Bleeding when it occurs is more 
severe and more difficult to manage. Such factors as 
patient's age, physical condition, and underlying bieed- 
ing tendency (as described under Warnings and Pre- 
cautions) should be taken into consideration when the 
potential risk of serious hemorrhage is weighed against 
the potential benefits of urokinase treatment. 
Indications 


Breokinase is indicated for the thrombolytic treat- 

ment of: 

—acute massive pulmonary embolism, defined as ob- 
struction or significant filling defects involving two or 
more lobar pulmonary arteries or an equivalent 

- amount of emboli in other vessels, as seen on pul- 
monary arteriography; 

—pulmonary embolism accompanied by unstable 
hemodynamics, i.e., inability to maintain blood 
pressure without supportive measures. 

The diagnosis of pulmonary embolism should be 
confirmed by objective means, preferably pulmonary 
arteriography. 

Urokinase treatment should be started as soon as 
possible after diagnosis of pulmonary embolism, but 
no later than five days after onset. Under these circum- 
stances. angiographic and hemodynamic measure- 
ments and perfusion lung scans demonstrate a more 
rapid improvement during the first 24 hours after initia- 
tion of therapy than with heparin therapy. However, 
it has not been established that urokinase treatment 
decreases morbidity or mortality compared to heparin 
therapy alone. 


Contraindications 


Thrombolytic therapy increases the risk of bleeding. 
The risk of hemorrhage in the conditions listed below 
should be weighed carefully against the anticipated 
benefits of urokinase therapy in each patient The 
benefits and risks associated with urokinase therapy 
should be compared to the benefits and risks asso- 
ciated with other forms of treatment. 

1. Surgical procedures within preceding ten days (in- 
cluding liver or kidney biopsy, lumbar puncture, 
thoracentesis, paracentesis, extensive or multiple 
cutdowns). 

2. Intraarterial diagnostic procedure within ten days. 

3. Ulcerative wound. 

4. Recent trauma with possibility of internal injuries. 

5. Visceral or intracranial malignancy. 

6. Pregnancy and the first ten days post-partum. 

7. Actively bleeding lesion of the gastrointestinal or 
genitourinary tract, or a condition with significant 
potential for bleeding (including ulcerative colitis, 
diverticulitis). 

8. Severe hypertension. 

9. Acute or chronic hepatic or renal insufficiency. 

10. Uncontrolled hypocoagulable state (including 
coagulation factor deficiency, thrombocytopenia, 
spontaneous fibrinolysis, any purpuric or hemor- 
rhagic disorder). 

11. Chronic pulmonary disease with cavitation. e.g., 
tuberculosis. 

12. Subacute bacterial endocarditis or rheumatic val- 
vular disease. 

13. Recent cerebral embolism, thrombosis or hemor- 
rhage (within at least two months) to avoid risk 
of bleeding into infarcted cerebral tissue. 

14. Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult 
to locate or control. 

Warnings 

Bleeding: Activation of the fibrinolytic system with 

urokinase causes a more profound change in the hemo- 

static status of the patient than does anticoagulant 
therapy with heparin or coumarin agents. The objective 
of urokinase therapy is the production of sufficient 
amounts of plasmin to lyse intravascular deposits of 
fibrin; however, fibrin deposits which provide hemo- 
stasis, for example at sites of needle punctures, will 
also undergo lysis, and bleeding from such sites may 
occur. The possibility of bruising or hematoma forma- 
tion, especially with intramuscular injections, is 
substantial during thrombolytic therapy. Unnecessary 

Clinical or diagnostic procedures should be avoided. 

It is important that close attention be paid to this sec- 

tion and the Contraindications section in order to 

minimize the risk of bleeding. 


Intramuscular injections should be avoided during 
urokinase therapy, as with heparin therapy, because 
of the high risk of hematoma formation. Bleeding may 
occur at sites of recent invasive procedures. Therefore, 
arterial punctures must be avoided before as well as 
during treatment with urokinase. If arterial puncture 
is absolutely necessary, the radial or brachial artery 
should be used and the femoral artery must be avoided. 
Arterial puncture should be perfermed with great care 
by an experienced physician and pressure should be 
applied for at least 15 minutes. This should be followed 
by the application of a pressure dressing, and the punc- 
ture site should be checked frequently for evidence of 
bleeding. 

Venipunctures should also be perfomed as carefully 
and infrequently as possible. If bleeding from an inva- 
sive site occurs during urokinase infusion, but is not 
severe, treatment may be continued with close clinical 
observation. Local pressure and other measures 
should be initiated immediately. 

Spontaneous internal bleeding that is not accessible 
for the application of pressure may also occur. The 
risk of spontaneous bleeding is greater in patients with 
pre-existing hemostatic abnormalities, including pa- 
tients whose histories are suggestive of prior bleeding 
problems whether or not there are demonstrable ab- 
normalities in platelet count, prcthrombin time, partial 
thromboplastin time, or bleeding time. The relative 
risks and benefits of urokinase treatment must be care- 
fully assessed in such patients before initiating 
treatment. 

Piasmin degrades fibrinogen, Factor V, Factor VIII, 
and other proteins in addition to fibrin. The products 
of plasmin degradation of fibrinogen and fibrin 
(FDP/fdp) possess an anticoagulant effect which may 
make bleeding difficult to control. 

If serious spontaneous bleeding occurs, the infusion 
of urokinase should be terminated immediately, and 
treatment instituted as described under Adverse 
Reactions. 


Risk of Cerebral Embolism 


Urokinase treatment of patients with atrial fibrillation 
or other conditions which predispose to cerebral 
embolism may be hazardous because of the risk of 
bleeding into the infarcted cerebral area. 


Use of Anticoagulants 


Concurrent use of anticoagulants with urokinase may 
be hazardous and is not recommended. Before be- 
ginning urokinase infusion in patients being treated 
with heparin, the effects of heparin should be allowed 
to decrease, as evidenced by a thrombin time of less 
than twice normal or an activated partial thrombo- 
plastin time (APTT) of less than one and one-half times 
normal. Similarly, heparin shouid be withheld for four 
hours following urokinase therapy unless the pro- 
thrombin time is in the normal range. 

Rethrombosis has been observed after completion 
of urokinase treatment. In order to minimize this risk, 
administration of intravenous heparin followed by oral 
anticoagulant therapy is considered a necessary 
adjunct following urokinase therapy (see Dosage and 
Administration). 


Use in Pregnancy 
See Contraindications. 
Use in Children 


Safety and effectiveness of urokinase therapy in 
children have not been established; therefore, treat- 
ment of such patients is not recommended. 


Precautions 
Drug Interactions 


Drugs that may alter platelet function, e.g., aspirin, 
indomethacin, and phenylbutazone, should be avoided 
during urokinase treatment. The interaction of 
BREOKINASE with other drugs has not been studied. 


Laboratory Monitoring 


In patients who have received heparin, the thrombin 
time or APTT should be measured prior to starting 
urokinase. (See Warnings.) Similarly, the prothrombin 
time should be monitored dusing and following uro- 
kinase therapy prior to instituting heparin. (See Dosage 
and Administration.) During urokinase administration, 
the levels of fibrinogen, plasminogen, Factor V, and 
Factor VIH are usually substantially decreased, and the 
level of fibrin and fibrinogen degradation products 
(FDP/fdp) is increased. Reduced fibrinogen and in- 
creased FDP/fdp result in a prolongation of the 
prothrombin time. Changes in these tests serve as 
confirmation of the existence of a lytic state. There 
are no data to indicate that alteration of dosage is 
required on the basis of these tests, although as a gen- 
eral rule the prothrombin time should not be allowed 
to increase above 30 seconds 

Urokinase infusion should be terminated immediately 
if serious bleeding occurs. 

Adverse Reactions 

Careful observance of the contraindications, warnings, 
and precautions to the use of urokinase is essential to 
minimize the incidence and severity of adverse effects. 
Bleeding 

Incidence 

In controlled clinical trials of streptokinase and 
urokinase, severe bleeding (requiring a transfusion of 


greater than two units of blood) was seen in 4% of 
streptokinase patients and 6% of patients receiving 
urokimase Several fatalities due to cerebral hemor- 
rhage have occurred during urokinase therapy. 

Spentaneous bleeding of a less severe degree has 
been observed during urokinase treatment at about 
twice the frequency as that occurring during heparin 
therapy. Oozing of blood from sites of skin puncture 
is frequent; therefore, all invasive procedures, espe- 
cially arterial punctures and intramuscular injections, 
should be avoided and intravenous punctures kept toa 
minimum before and during treatment with urokinase. 

Amoderate decrease in hematocrit not accompanied 
by clinically detectable bleeding was observed in about 
20% of patients treated with urokinase. 


Management of Severe Bleeding 


Urokinase therapy must be discontinued if serious 
bleeding occurs. Packed red cells are indicated for 
large blood loss. Plasma volume expanders (other than 
Dextran) may be used to replace blood volume deficit. 
Whole blood may also be used if it alone is available. 
The use of aminocaproic acid (ACA, AMICAR®) in 
humans as an antidote for urokinase has not been 
cocumented, but its use may be considered if the 
hemerrhage is unresponsive to blood replacement 
(see Warnings). 


Allergic Reactions: 


Urokinase is a protein of human origin, and in vitro as 
well as intradermal tests in humans gave no evidence 
of incuced antibody formation. However, the possibility 
of serious allergic reactions (including anaphylaxis) 
eccurring during its use cannot be excluded. There 
have been rare reports of relatively mild allergic reac- 
tions. e.g., bronchospasm and skin rash. 


Fever: 


Febrile episodes occurred in about 2-3% of urokinase- 
treated patients. A causal relationship to urokinase 
has not been established. Symptomatic treatment with 
acetaminophen rather that aspirin is usually sufficient. 


Dosage and Administration 
Preparation 


Reconstitute each via! of Breokinase by aseptically 
adding 8.0 ml of Steriie Water for Injection, U.S.P (Itis 
important that only Sterile Water for Injection, U.S.P, 
witheut preservatives, be used. Bacteriostatic Water 
for Injection or other diluents should not be used.) 
Swir gently to avoid foaming. Do Not Shake. Because 
Breokinase contains no preservatives, it should not be 
reconstituted until immediately before using. Any un- 
used portion of the reconstituted material should be 
discarded. 

Each mi of reconstituted Breokinase contains 
31,250 C.TA. Units of urokinase activity. 


Dosing 
Breokinase is Intended for Intravenous Infusion Only 


Urokinase treatment should be begun as soon as pos- 
sible after the occurrence of pulmonary embolism, and 
no later than five days after onset. A priming or loading 
dose of 2000 C.T.A. Units/ib (4400 C.T.A. Units/kg) of 
reconstituted Breokinase is given over a period of 
ten minutes. This is followed by a continuous infusion 
of 2000 C.T.A. Units/Ib/hr (4400 C.T.A. Units/kg/hr) 
for 12 hours. 

A constant infusion pump independent of all other 
intravenous systems should be used. Do not expose 
reconstituted solution to excessive heat, such as high 
intensity lights, during administration. 


Anticoagulation Following Breokinase Treatment 


At the end of Breokinase infusion, treatment with 
heparin by continuous intravenous infusion followed 
by oral anticoagulant therapy is recommended to mini- 
mize rethrombosis. Heparin treatment should begin 
4 hours after Breokinase infusion, or sooner if the 
prothrombin time has returned to normal. See manu- 
facturer's prescribing information for proper use of 
heparin. 

How Supplied 

Breokinase is supplied as a sterile lyophilized prepara- 
tion. Each vial contains 250,000 C.T.A. Units of 
urokinase activity and approximately 0.9 millimols 
sodium phosphates. The vials should be stored at or 
below 4° C. 


Breon Laboratories Inc. 
2 90 Park Avenue 
New York N Y 10016 5 
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The use of maintenance medication in the treatment of episodic cardiac _ S : 
arrhythmia is often complicated by problems of patient compliance with __ 
therapy and adverse side effects. Furthermore, repeated hospitalizations —_. 
and cardioversions are both costly and inconvenient. A method of inter- 
mittent drug therapy is described in which antiarrhythmic medicationis __ 
taken only at the onset of an episode of arrhythmia. This approach was 
effective in terminating both supraventricular and ventricular arrhythmias — 

in 24 of 32 patients and obviated the need for hospitalization and further __ 
treatment. In cases in which maintenance therapy was required because. 
of the frequent occurrence of arrhythmia, periodic drug therapy was still ae 
of value in the treatment of breakthrough episodes. The use of intermittent 
drug therapy is a safe and effective approach to the management of ep- 
isodic cardiac arrhythmia and, in addition, results in significant financial 
saving. 





The introduction of direct current cardioversion and the availability of 
increasing numbers of antiarrhythmic drugs enable the modern clinician _ 
to terminate readily a variety of cardiac arrhythmias. The problem is. 
frequently not how to abolish an arrhythmia, but rather how to prevent: = 
its recurrence. The clinician traditionally relies on prescribing an anti- 
arrhythmic drug to be taken several times a day as prophylaxis against. __ 
recurrence of episodic arrhythmia. However, when taken on a long-term | 
basis, these medications may cause unwelcome and even serious com- __ 
plications. An attractive option is to use one or more antiarrhythmic. 7 
medications in combination or in “cocktail” form only at the onset of- 
an arrhythmia or even in anticipation of its possible development. This __ 
approach is applicable not only for atrial, but also for ventricular. 
tachyarrhythmias, because it is now recognized that ventricular tach, 
cardia in some patients need not significantly compromise cardiae out 
put. Also, in the absence of myocardial infarction, ventricular tachycardia 
is less likely to degenerate into ventricular fibrillation.’ The use of 
medications only as required avoids the problems of drug compliance? : 
and is recommended by its inherent simplicity. When maintenance _ 
therapy is required because of frequently occurring arrhythmia, periodic 
drug cocktail therapy is still of value in the treatment of breakthrough _ 
episodes. This study was undertaken to assess the efficacy of such an. _ 
approach. a 














Methods 


Patients: Thirty-two patients with recurrent tachyarrhythmias werestudied) > 
The nature of the underlying arrhythmia was established by 24 hour ambulatory | 
electrocardiographic monitoring. In certain cases, arrhythmia was provoked by o 
exercise stress testing performed according to a Bruce protocol.4° 

Of the 32 patients, 22 were men and 10 women. Their ages ranged from 15to | 
77 years (mean 47). All had experienced troublesome; symptomatic arrhythmias 
in the past and these arrhythmias had been treated tnsuccessfully with nu- 
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TABLE | 
«Nature of Underlying Heart Disease in 32 Patients With 
| of Atrial and Ventricular Arrhythmias 











Atrial Supra- Ven- 
Fibril- ventricular tricular 
Underlying Patients lation and Tachy- Tachy- 
Disease (n) Flutter cardia cardia 
Coronary artery 8 3 o 5 
_ disease 
Mitral valve 2 2 0 0 
A prolapse 
oo Hypertension 5 4 1 0 
=o Preexcitation 3 0 3 0 
oo. syndrome 
/ Functional murmurs 7 3 2 2 
No structural heart 7 2 4 1 


disease 





“merous antiarrhythmic agents in adequate dosages. Fourteen 
patients had atrial fibrillation or flutter, or both, 10 had su- 
praventricular tachycardia, and 8 had ventricular tachycardia. 
The associated underlying heart disease is shown in Table 

iL 
S Treatment protocol: Whenever possible, each clinically 
- Observed episode of arrhythmia was used as an opportunity 
_  toassess drug treatment. If the patient was in clinically stable 
|. condition, cardioversion was avoided and electrocardiographic 
monitoring was performed by telemetry trendscription using 
an American Optical Trendscriber.6 This method permits 

- continuous, on-line electrocardiographic monitoring in re- 
duced format, thus enabling visualization of 30 minutes or 
-more of information on one sheet of special recording paper. 
Carotid sinus massage and the Valsalva maneuver were at- 
-tempted first for termination of both atrial and ventricular 
-= arrhythmias. If these maneuvers failed, an antiarrhythmic 
= drag or drug combination wes selected (as described later) and 

- administered orally to the patient. A stop clock was simulta- 

neously started and a continuous log of heart rate, rhythm and 
vital signs was kept. At the end of 1 hour, or at the estimated 
time of peak action of the drug, the vagal maneuvers were 
repeated. If after 2 hours patients had not responded to the 
"drug, another antiarrhythmic agent was administered. In this 





TABLE Il 


Antiarrhythmic Drug Combinations Most Frequently Used in 
- Terminating Atrial and Ventricular Arrhythmias in 32 
< Patients“ 








Supraventricular Ventricular 
Arrhythmias Arrhythmias 
Digoxin Quinidine 
Digoxin, Quinidine, 
quinidine propranolol 
Digoxin, Procainamide 
quinidine; 
propranolol 
Disopyramide 
Disopyramide, 
propranolol 
Disopyramide, 
digoxin 





* Diazepam {5 mg) was included with each drug or drug combination. 
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manner, drug effectiveness as well as any adverse reactions 
were documented. If at any point the patient exhibited 
symptoms due to the arrhythmia, manifesting hypotension 
or chest pain, cerdioversion was performed. 

Selection of an antiarrhythmic agent was based on 
knowledge of the arrhythmia as well as known action of the 
drug. Quinidine was the drug of first choice for atrial fibril- 
lation and atrial flutter, and digoxin or disopyramide was 
selected for supraventricular tachycardia. Procainamide was 
used as the agent of first choice fer ventricular tachycardia 
because of its rapid onset of action. If slowing of the heart rate 
was desirable before reversion to sinus rhythm in patients with 
either atrial or ventricular arrhythmias, propranolol was 
added to the regimen. In addition, a sedative such as diazep- 
am, 5 mg, was prescribed together with the antiarrhythmic 
agent or agents and this combination constituted the drug 
“cocktail.” The final drug selection was determined by both 
therapeutic response and lack of adverse effects. The most 
common drug combinations we utilized for supraventricular 
and ventricular arrhythmias are shown in Table II. 

Follow-up treatment directions: Once a suitable drug 
cocktail was chosen, patients were discharged from the hos- 
pital with precise directions for its use. If the arrhythmia was 
supraventricular in origin, the patient was instructed on the 
use of right and left carotid sinus massage and the Valsalva 
maneuver. The latter was performed by sitting up in bed, 
grasping a pillow tightly with both arms, leaning forward and 
bearing down hard. If these maneuvers failed, the patient was 
to take the drug cocktail. If sinus rhythm was not restored by 
1 hour, the patient was told to repeat the vagal maneuvers or 
the drug cocktail. Failure of the medication to terminate the 
arrhythmia or the development of symptoms such as chest 
pain or dyspnea constituted indications for notifying their 
physician. 

As part of the follow-up study, a detailed questionnaire was 
completed by all patients to evaluate the efficacy of such 
treatment. Patients were asked about the frequency of ar- 
rhythmia, the time taken for the drug cocktail to abort a 
paroxysm and the side effect of the treatment. The number 
of hospital admissions before and after institution of the drug 
cocktail therapy was-also assessed, as were the patients’ atti- 
tudes toward self-medication. 

Criteria for drug effectiveness: Assessing the efficacy 
of the drug cocktail posed several problems. The duration of 
the arrhythmia varied considerably for each patient and for 
each occasion they experienced an episode. Thus, there was 
no definitive way of determining whether the tachycardia 
would have terminated of its own accord had the drug cocktail 
not been taken. For the purpose of this study, therefore, the 
drug cocktail was arbitrarily judged effective if (1) the ar- 
rhythmia was aborted within 1 hour of administration of the 
medication, or (2) the number of hospital and emergency room 
admissions was materially reduced after the institution of drug 
cocktail therapy, or both. 

The financial aspects of drug cocktail therapy were also 
censidered. The savings obtained by dispensing with emer- 
gency room treatment, cardioversion and hospital admission 
were documented and the cost of maintenance antiarrhythmic 
medication was compared with the cost of intermittent drug 
therapy. 


Results 


Effectiveness of Therapy 


In 24 of the patients (75 percent) drug cocktail ther- 
apy was deemed effective by the criteria chosen, namely, 
termination of the arrhythmia within 1 hour of taking 


ae. 


the medication, or a material reduction in the number 
--of hospital and emergency room admissions, or both. In 
16 of these 24 patients, the arrhythmias were terminated 
-within 1 hour of administration of the medication. The 
mean effective time was 45 minutes. In the remaining 
- 8 patients, the arrhythmia was terminated 1 to 3 hours 
after they had taken the drug cocktail; this result may 
or may not have been related to the medication. More 
striking was the marked reduction in hospital admis- 
sions and emergency room visits after the introduction 
of the intermittent medication program (Table HI). Five 
of the patients with supraventricular arrhythmias were 
hospitalized between 10 and 23 times each before drug 
cocktail therapy was instituted. After the institution of 
therapy, none of these patients required hospitalization. 
Among the patients with ventricular tachycardia, one 
patient had had 20 hospitalizations and another 12 
before drug cocktail therapy was prescribed. Thereafter, 
neither had a single hospitalization for ventricular 
tachycardia. Although the mean duration of symptoms 
-among all patients before drug cocktail therapy was 15 
years (range 1 to 40) and the mean duration of follow-up 
has only been 2.5 years (range 1 to 7), the improvement 
in the responders is still striking. 
< Of the 24 patients who responded to therapy, 9 pa- 
tients (4 with atrial fibrillation, 3 with supraventricular 
tachycardia and 2 with ventricular tachycardia) received 
drug cocktail therapy alone; the remaining 15 patients 
- required some form of maintenance antiarrhythmic 
medication as well as drug cocktail therapy for effective 
control. In a mean follow-up period of 2.8 years (range 
2 to 7) none of the 9 patients who were treated solely 
with the drug cocktail regimen required emergency 
room treatment or hospitalization. Their arrhythmias 
were all terminated by drug cocktails taken at home. In 
the other 15 patients, breakthrough arrhythmias all 
responded to the drug cocktails; thus no change in 
maintenance medication was required and unnecessary 
hospitalization was avoided. 

Eight of the 32 patients included in the study stopped 
the drug cocktail therapy either because it was deemed 
ineffective (5 patients) or produced unpleasant side 
effects (1 patient) or because the episodes of arrhythmia 
appeared to have abated without therapy (2 pa- 
tients). 


Atrial Fibrillation and Flutter 


Of the 32 patients studied, 14 had paroxysmal atrial 
fibrillation or flutter. In 10 of these patients the ar- 
rhythmias were controlled by a variety of drug cocktails, 
including digoxin (0.25 to 0.5 mg), quinidine (200 to 800 
mg) and propranolol (20 to 40 mg) either alone or in 
combination (Table H). The following case history is 
illustrative: 


Illustrative Case 1: A 77 year old man had an 8 year history 
of paroxysmal atrial fibrillation. He had experienced about 
10 episodes, all associated with central chest pain, that lasted 
from 2 to 12 hours. The paroxysms had resulted in several 
hospital admissions and as a result he had become depressed. 

“He restricted many of his previous activities and was afraid 
to'venture any great distance from his home or doctor. Phys- 
ical examination was normal. The chest X-ray film showed 
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TABLE ill 


Mean Number of Hospital Admissions or Emergency Room 
Visits Before and After Introduction of Drug Cocktail 
Therapy 





Mean Number of 








Admissions 
Patients Before After 
Arrhythmias (n) Therapy Therapy 
Atrial fibrillation and flutter 10 3.4 0 
Supraventricular 8 9.9 0.1 
tachycardia 
Ventricular tachycardia 6 7.7 0.2 





a normal heart size and the electrocardiogram revealed right. 
bundle block and left axis deviation. Twenty-four hour elec- 
trocardiographic monitoring confirmed runs of atrial fibril- 
lation, and exercise stress testing revealed frequent atrial 
premature beats. 

The patient was discharged on maintenance therapy of 
digoxin, 0.25 mg daily, and quinidine sulfate, 300 mg every 6 
hours; we also prescribed a drug cocktail of digoxin, 0.25 mg; 
quinidine, 600 mg, and diazepam, 5 mg, to be taken at the 
onset of arrhythmia. Despite maintenance therapy, in the 2- 
years of follow-up study he experienced two episodes of par- 
oxysmal atrial fibrillation that responded at home to the drug 
cocktail (Fig. 1). Since then he has regained tremendous 
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FIGURE t. Case 1. Trendscription record of conversion of atrial fibril- 
lation to sinus rhythm in a 77 year old man with paroxysmal atrial fi- 
brillation: The resumption of sinus rhythm is noted in line 10, 50: minutes. 
after ingestion of quinidine (300 mg), digoxin (0.25 mg) and diazepam 
(5 mg). 
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self-confidence and leads an active life once more, traveling 
abroad annually, armed with his drug cocktail. 


Supraventricular Tachycardia 
Ten of the 32 patients in the study experienced epi- 


~ sodes of supraventricular tachycardia. In eight of these 


the arrhythmias were controlled with a variety of drug 
cocktails, including digoxin 0.25 to 1.0 mg, quinidine 200 


= to 600 mg; propranolcl 20 to 60 mg and disopyramide 
- 100 to 300 mg, either alone or in combination. The fol- 
< lowing case history is representative: 


Illustrative Case 2: A 49 year old woman had had parox- 
ysmal atrial tachycardia since the age of 8 years. Initially, the 
arrhythmia had terminated spontaneously, but during the 
preceding 3-years it had become refractory to routine antiar- 
rhythmic agents and she had required several hospital ad- 
missions for treatment and cardioversion. Physical exami- 


nation revealed an intermittent late systolic click, and echo- 


cardiography demonstrated prolapse of the posterior mitral 


-= valve leaflet. ‘Twenty-four hour electrocardiographic moni- 


toring confirmed the diagnosis of paroxysmal atrial tachy- 


= cardia. 


A drug cocktail consisting of digoxin 0.5 mg, propranolol 40 


-cmg and diazepam 5 mg was prescribed to be taken at the onset 


of episodes of atrial tachycardia. In the ensuing 2 years the 


< patient had four episodes of tachycardia; all were abolished 
“by home treatment with the drug cocktail without contact 
“with a physician (Fig. 2). 


_ Ventricular Tachycardia 


The third group consisted of eight patients with re- 
current ventricular tachycardia, six of whom responded 


-to drug cocktail therapy. The medications used were 
¿quinidine (300 to 600 mg), procainamide (1.0 to 2.0 g) 


and propranolol (40 to 60 mg), alone or in combination 
(Table H). The following case history exemplifies this 
experience. 


INustrative Case 3: A 48 year oid investment executive had 
recurrent ventricular tachycardia 4 years after an inferior 
myocardial infarction. Coronary angiographic findings were 
normal. The patient had- repeated bouts of ventricular 
tachycardia for 11 years, that oceurred daily on occasions and 
lasted from a few minutes to several hours. The attacks, for 
which he was frequently hospitalized, were accompanied by 
dizziness and a feeling of nausea but were never associated 
with syncope. Numerous drug regimens and overdrive pacing 
were attempted without success. Physical examination and 
routine investigations were all normal. The electrocardiogram 
showed an old inferior myocardial infarction. Exercise was a 
significant factor in provoking his arrhythmia and this was 
confirmed. on several occasions by exercise testing, which 
produced runs of ventricular tachycardia. Repeat exercise 
tests were performed on various medications and significant 
suppression of the ventricular tachycardia was noted with 
procainamide (Fig. 3). He was given instructions to take 
procainamide, 1 g, at the onset of any arrhythmia or prior to 
a situation that might provoke arrhythmia, such as a game of 
tennis or squash. He has subsequently done extremely well. 
No further hospitalizations have been necessary over the 7 
years on this course of management and he now leads a very 
active life. 


Cost Analysis 


The costs of a visit to an emergency room, as well as 
the costs of a single cardioversion, a period of observa- 
tion and admissicn to an intensive care unit for 24 hours 
of monitoring are listed in Table IV. If one considers, 
as an example, a fairly standarc maintenance medica- 
tion of digoxin (8.25 mg daily) pilus quinidine sulfate 
(300 mg every 6 hours, the annual cost to a patient is 
$279. In contrast, a drug cocktail of digoxin (0.5 mg), 
plus quinidine sulfate (600 mg). taken four times in 1 
year, for example, would cost the same patient only $2, 
Such an analysis would obviously apply only to these 
nine patients who were relying solely on drug cocktail 
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FIGURE 2. Case 2. Conversicn to sinus rhythm of an 
episode of atrial tachycardia 20 minutes after ingestion 
of digoxin (0.5 mg), propranoicl (40 mg) and diazepam 
(5 mg), in a 49 year old woman with a 40 year history of 
paroxysmal atrial tachycardia. 
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therapy. However, even among the remaining 15 pa- 
tients the costs of emergency room treatment and hos- 
pital admission were avoided because their break- 

-through arrhythmias were terminated at home witha 
drug cocktail. The tremendous financial savings thus 
~- become readily apparent. 


Discussion 


Indications: The philosophy of drug cocktail therapy 
is both simple and pragmatic. It aims at avoiding long- 
|. term maintenance therapy in patients with only epi- 

-sodice arrhythmias. Instead; medication is tailored to 
- need. Such a form of treatment would not be applicable 

to patients with life-threatening arrhythmias. However, 

for those patients whose palpitations occur only at 

monthly or less frequent intervals and who are not sig- 
-nificantly compromised hemodynamically, this ap- 
= proach has merit. 

Additionally, drug cocktails can be utilized in patients 
receiving maintenance antiarrhythmic therapy who 
_ experience breakthrough arrhythmias. These patients 
= on occasion exhibit. episodic arrhythmia that can be 
-controlled with an additional dose of the same medi- 
-Cation used for maintenance therapy. This approach 

-eliminates the need for repeated hospitalizations both 
to terminate the arrhythmia and to reshape the pa- 
tient’s primary antiarrhythmic program. 

If the drug cocktail regimen is judged on its ability to 
terminate an arrhythmia within 60 minutes, we have 
shown it to be effective in half our cases. If efficacy is 
judged in terms of abolishing the need for emergency 
room treatment or hospital admission, this approach 
has been successful in three quarters of the cases. To 
date, no patient has had any complications. It should 
. be emphasized that drug cocktail therapy is not used in 
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TABLE IV B 
1979 Admission and Treatment Costs at a Boston Hospital = 
Emergency room visit plus 8 to 16 hours’ observation $120 
24 hours in intensive care unit $595 
Electrical cardioversion $ 77 





patients who experience syncope or hypotension during: 
episodes of arrhythmia. For example, patients withthe - 


Wolff-Parkinson-White syndrome, who experience 


rapid tachyarrhythmias, or those with ventricular. . 
tachycardia that is likely to degenerate into ventricular: 


fibrillation are excluded at the outset. The treatment 


is reserved for patients who are symptomatic but who- 
have no hemodynamic sequelae when the arrhythmia — 
persists for several hours. Likewise, any patient who _ 
experiences dizziness or significant chest pain with an 
arrhythmia is advised to seek help promptly. i 
Advantages: There- are several advantages to the 


approach we have used. The patient participates asan 


integral agent in the management process. Much ofthe —- 
psychologic disability from illness relates to the help- _ 


lessness experienced in a situation that is neither un- 


derstood nor correctable. The availability of a repertoire 
of prerehearsed activity.in the face of a sudden onset.of- 
arrhythmia assuages anxiety and instills self-confidence. 
In the questionnaires completed by the patients, the 
overwhelming message was one of relief gained with the 
realization that the arrhythmias were not life-threat- 
ening. The responses also reflected the patients’ newly 
won confidence that they were able to manage the ar-: 


rhythmias on their own. Furthermore, we believe that ic 
the diminution of anxiety has been therapeutic in its 


own right. With removal of psychologic stress as apro- 
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FIGURE 3. Case 3. Conversion to sinus rhythm of an Ama 

episode of ventricular tachycardia 45 minutes after in- 

- gestion of procainamide (1.0 g) and diazepam {5 mg). The 

patient was a 48 year old man with an 11 year history of 
recurrent ventricular tachycardia. 
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voking factor of arrhythmia,’ wé believe that the fre- 
_ quency of paroxysmal tachycardias lessened in many 


oot the patients. Another advantage is related to patient 


compliance with drug treatment regimens. 3 Tt is prob- 
~ able that patients with episodically occurring arrhyth- 
mias are less likely than patients with more persistent 





a rhythm disorders to abide by a daily drug regimen 


during asymptomatic periods. However, the abrupt 


onset of arrhythmia is an immediate stimulus for ini- 


__ tiating the medical regimen. The unpleasant side effects 
of antiarrhythmic medications can also be largely av- 
-erted if the patient has to resort to drugs only occa- 
sionally. 
Long-term therapy carries with it the problems’of 


` drug intolerance and toxic side effects such as throm- 
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bocytopenia with quinidine and procainamide-induced 


lupus erythematosus. Additionally, toxic interactions 
oceur, such as that between digoxin and quinidine. 
Although none of our patients experienced these 
problems, these considerations require close patient 
follow-up with frequent- blood level estimations of these 
drugs. Intermittent dosing largely obviates these haz- 
ards and burdens. In patients requiring daily antiar- 
rhythmic medication, the addition to the regimen of 
periodic treatment with a drug cocktail may permit a 
lower maintenance dosage than would otherwise be 
possible. Finally, the avoidance of inconvenient visits 
to the emergency room and the significant financial 
savings accrued add further to the appeal of our ap- 
proach. 
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Mexiletine therapy was administered to 15 patients with chronic andre- : 


current episodes of ventricular tachycardia or ventricular fibrillation. All _ - 
patients were intolerant of or had arrhythmias resistant to conventional — 


antiarrhythmic agents. At maximal dosages of mexiletine 2 patients had 
more than 90 percent reduction in frequency of premature ventricular. 


complexes, whereas 11 patients had less than 50 percent reduction, as : : 
measured on 24 hour electrocardiographic recordings. Mexiletine was __ 
unsuccessful in preventing or abolishing ventricular tachycardia init- __ 


patients. Adverse side effects occurred in nine patients (60 percent) and. 


were severe enough to necessitate discontinuation of therapy in six pa- _ : 


tients (40. percent). Side effects appeared to be dosage-related. Phar- 


macokinetic analysis indicated a mean elimination half-life of 12.64.1.6 
` hours following oral administration of mexiletine. In the patients studied, 


mexiletine exhibited limited antiarrhythmic efficacy and was associated 
with frequent adverse side effects. 


Mexiletine, a new antiarrhythmic agent recently released for use in 
Europe, currently is undergoing clinical investigation in the United 
States. Structurally and electrophysiologically similar to lidocaine, 
mexiletine has been shown effective in suppressing ventricular ar- 
rhythmias that occurred in patients with acute and: chronic ischemic 
heart disease as well as in patients with other.acute clinical conditions. 4 
Reported side effects have been minimal. Preliminary pharmacokinetic 
data indicate that the oral form of mexiletine has good bioavailability 
and a relatively long half-life (10 to 24 hours), suggesting that it may be 
an excellent antiarrhythmic agent for long-term management of ven- 
tricular arrhythmias.®*® This report deals with the clinical evaluation 
of oral mexiletine in a study designed to assess its antiarrhythmic efficacy 
and to evaluate its pharmacokinetic properties in a group of patients with 
chronic, intractable ventricular arrhythmias. 


Methods 


Study patients: Fifteen patients, 10 men and 5 women with documented 
symptomatic ventricular tachycardia or ventricular fibrillation, were entered 
into the study. Their ages ranged from 28 to 76 years (mean 53), and the majority 
had arrhythmias related to chronic ischemic heart disease. These patients were 
considered for therapy with mexiletine because conventional agents failed to 
control the ventricular arrhythmia or produced intolerable side effects. Several 
patients also did not respond to a trial of investigational antiarrhythmic agents 
(Table I). 

Episodes of ventricular tachycardia had produced syncope or presyncope in 
12 patients. Frequent electric cardioversion was required in two patients, and 


two others had experienced cardiac arrest. Multiple asymptomatic episodes of - 
ventricular tachycardia were recorded in the postinfarction period in two patients 2 


and after coronary arterial bypass grafting in one patient. 
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TABLE | 








Prior Drug Therapy 














Age(yr) Quini- Procain- Disopyr- 
Case Sex Cardiac Diagnosis dine amide arnide Propranolol Other 
1 51F Cardiomyopathy + + + + = 
2 56F Rheumatic heart disease + + t Ea Phenytoin 
3 46M Ischernic heart disease + + + + Aprindine 
4 76M ischemic heart disease + F $ z Se 
5 28M Cardiomyopathy + + + + Aprindine 
6 44F Mitral valve prolapse + + + + Aprindine 
7 61M Ischemic heart disease + + + + Phenytoin, 
oo A _ aprindine 
8 47M ischemic heart disease + + =: a = 
9 53M ischemic heart disease + + + + = 
10 59M ischemic heart disease + + + + Phenytoin, 

: Le sh bretyiium 
ti 47M ischemic heart disease + + + + Phenytoin 
12 2 42F Mitral valve prolapse + + 5 + = 
13 52F Hypertensive heart disease + ~+ + + Phenytoin 
t c 81M Ischemic heart disease + _ + + _ 

15 68M ischemic heart disease + a + = = 
+ = received drug: — = did not receive drug. 


Recards of prior antiarrhythmic therapy were reviewed to 


: judge the adequady of earlier drug trials. In the absence of 


_ limiting side effects, drug therapy was judged adequate (1) 
- when the following doses had been administered: quinidine, 
1,200 mg/day; procainamide, 3 g/day; and, where applicable, 

“< disopyramide, 600 mg/day; or (2) when plasma drug levels 
were within accepted therapeutic ranges. 


Patients were excluded from the study if they had evidence 


of renal, hepatic or gastrointestinal disease because these 


conditions may adversely affect drug absorption or elimina- 
tion. In.addition, no patient had uncompensated heart failure, 


-= cardiogenic shock or any other long-term terminal illness. No 


other antiarrhythmic agent was administered during the 


study; however, six patients received digitalis for control of 
| heart failure. No patient reteived concurrent therapy with 
-+ Marcoti¢ analgesic agents because these drugs may interfere 


with mexiletine absorption.” Signed informed consent was 
obtained from éach patient after the nature of the study and 


o possible known risks had been explained. 


Drug protocol: The prötocol (Fig. 1) involved a single- 


-blind sequential study anc each patient served as his or her 


own control. The maximal dose of mexiletine was 300 mg every 


‘8 hours in 12 patients and 400 mg every 8 hours in 3 pa- 


tients. 

z 

3 
a 400 

oE 
uw 300 
z 
Z 200 
aa) 
a 
x ff] 
3 (placebo) 


BLOOD LEVEL 
TESTING 


PROTOCOL DAY 





Daily 24 hour electrocardiographic recordings were ob- 
tained in each patient. The electrocardiographic tapes were 
analyzed by a commercial firm to provide mean heart rate and 
total premature ventricular complex count for 24 hours. In 
addition, episodes of ventricular tachycardia, defined as three 
of more consecutive ventricular complexes at a rate greater 
than 100/min, weré identified. 

. Patients were withdrawn from the study if the following 
developed: (1) second or third degree atrioventricular con- 
duction block, (2) greater than 30 percent increase of P-R, 
QRS or Q-T intervals, or (3) intolerable side effects. Addi- 
tionally, if patients exhibited an arrhythmia that required 
urgent therapy, the study protocol was discontinued. 

Pharmacokinetic study: Heparinized blood samples were 
obtained 24 hours Before and at 0, 1, 2,3, 4, 6 and 8 hours after 
the last dose of a given dosage schedule. Ih addition, blood 
samples were obtained at 12, 16, 24, 32 and 40 hours after the 
last dose.of mexiletine in those patients completing the pro- 
tocol. These Samples were centrifugedjand the plasma was 
removed and frozen for subsequent gas chromatographic assay 
of mexiletine concentration. 

Mexiletine‘halj-life and elimination rate constant were 
determined from the terminal linear log (concentration) 
versus time curve after the last dose of mexiletine using least 


FIGURE 1. Outline of the protocol for mexiletine admin- 
istration and assay of mexiletine blood levels planned for 
15 study patients. Placebo was administered 24 hours 
before mexiletine was given and for 72 hours after the 
maximal mexiletine dosage level (300-mg in 12 patients, 
400 mgin 3 patients). Mexiletine blood levels were also 
analyzed during steady state conditions at each dosage 
level. i x 


. 
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TABLE Il 
Results of Mexiletine Therapy in 15 Patients 
Lowest 
Maximal PVC Frequency/24h VT Mexiletine Cause of 
Dose Plasma Premature 
Mexiletine Pre- Maximal Post- During During Concentration Termination 
Case {mg/8h) Drug Dose Drug Control Therapy (ug/mi) of Drug Trial Adverse Effects 
1 400 333 32 392 0 + 1.8 Nps Dizziness, tremor, nausea 
2 300 35,680 31,285 = + + 1.3 Adverse effects Nausea, dizziness 
3 300 1,541 8,250 == + + 1.3 VT None 
4 300 766 9 716 0 0 3.4 en's None 
5 300 7,137 4,604 34805 + + 1.2 None 
6 400 10,488 12,481 22471 0 0 17 None 
7 300 22,766 27,606 35157 + + 1.0 None 
8 300 $4,963 56,492 42300 + + 0.7 Bins None 
Q 300 20,483 18,731 5 + + 0.6 Adverse effects Tremor, ataxia, anxiety 
10 300 27,504 10,587 = 0 + 1.7 VT Tremor, dizziness 
11 300 42,719 13,337 18150 + + 0.8 re Nausea, skin rash 
12 300 23,652 13,440 PE 0 0 1.2 Adverse effects Tremor, nausea, vomiting 
13 400 30,014 31,547 z + + 1.0 Adverse effects Tremor, vomiting, dysarthria 
14 300 = = = = = F Adverse effects Tremor, dizziness, anxiety 
15 300 = = a + + 2.0 Adverse effects Nausea, vomiting, blurred 
fe vision 
+ = present: 0 = absent; — = not determined, PVC = premature ventricular complex, VT = ventricular tachycardia 


squares regression analysis. Area under the mexiletine con- 

-centration-time curve was calculated over the last 8 hour 
‘dosing interval of each dose regimen using the trapezoidal 
method. Plasma clearance of mexiletine was estimated for 
each dose regimen frorn the area under the concentration-time 
cùrve and the administered dose, assuming 90 percent bio- 
availability. Volume of distribution was determined by di- 
viding the plasma clearance by the elimination rate con- 
stant. 

Statistical analysis: The frequency of premature ven- 
tricular complexes during the control period was compared 
with their frequency at the maximal tolerated dose of mexi- 
letine using Student’s paired t test. The linearity of the rela- 
tion between the area under the mexiletine concentration- 
time curve and mexiletine dose was tested using Student’s t 
test applied to the univariate correlation coefficient. Plasma 
mexiletine clearance with the 200 and 300 mg dose schedules 
was compared using Student's paired t test. Null hypotheses 
were rejected if their statistical probability was less than 5 
percent, using a two-tailed testin all cases. All values are ex- 
pressed as mean values + standard deviation. 


Results 


Antiarrhythmic effects of mexiletine (Table IT): 
Continuous ambulatory electrocardiographic recordings 
adequate for analysis of frequency of premature ven- 
tricular complexes were obtained in 13 patients. Tech- 
nical difficulties prevented accurate counts in two pa- 
tients. 

To assess antiarrhythmic efficacy, we compared the 
frequency of premature ventricular complexes mea- 
sured during the pre-drug placebo control period with 
the frequency of premature ventricular complexes 
during treatment with the maximal dose of mexiletine. 
A 90 percent or greater reduction in frequency was ob- 
served in Patients 1 and 4, who had only 333 and 766 
premature ventricular complexes/24h during the control 
period. The remaining 11 patients had either a slight 
decrease or an increase in frequency of premature 
ventricular complexes but no patient had more than 50 
percent reduction in frequency. For the entire patient 


N 
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group, the mean frequency of premature ventricular 
complexes during the control period was 17,542 + 12,327 
complexes/24 hours compared with the mean value with _ 
the maximal mexiletine dose of 17,915 + 15,030 com- 
plexes/24 hours. This difference was not significant. The 
mean lowest level of plasma concentration of mexiletine, 
available in 14 patients, was 1.39 +.0.65 ug/ml. 

The presence of ventricular tachycardia could be 
determined in 14 patients. It was present in nine pa: 
tients during the pre-drug placebo control period. 
Mexiletine therapy did not successfully abolish ven- 
tricular tachycardia in any of these nine patients. No 
episodes of ventricular tachycardia were present during 
the placebo control period in five patients but they 
subsequently occurred in two of these patients during 
mexiletine therapy. Plasma concentrations of mexile- 
tine ranged from 0.74 to 1.77 ug/ml during periods of 
recorded ventricular tachycardia. Drug therapy was 
prematurely terminated in two patients (Cases 3 and 
10) because the appearance of symptomatic ventricular 
tachycardia required alternative treatment. 

Seven patients completing the protocol had 24 hour 
electrocardiographic recordings during the post-drug 
placebo control period. The mean frequency of pre- 
mature ventricular complexes was 23,427 + 16,010, 
which was slightly but not significantly higher than the 
pre-drug placebo values. 

Adverse effects (Table II): Of the 15 patients en- 
tering the study, 7 completed the entire protocol. Drug 
trials were prematurely terminated in two patients 
because ventricular tachycardia occurred during mex- 
iletine therapy. Side effects, judged by the patient and - 
physician to be severe, prompted discontinuation of the 
drug trial in six patients. Three additional patients had 
milder side effects that did not necessitate a change in 
therapy, and six patients reported no side effects. 

The most common adverse reactions to mexiletine 
were nausea, vomiting, tremors and dizziness. One pa- 
tient manifested a macular, erythematous skin rash on 


629. 
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the trunk, face and limbs that began 2 days after 


_ treatment was begun and disappeared several days after 


its discontinuation. 
No patient exhibited changes in P-R, QRS or Q-T 
intervals during normal sinus rhythm. Additionally, no 


patient had any change in laboratory values that would 


o indicate hepatic, renal or hematologic dysfunction. 
- Relation between plasma concentration and 
adverse effects: In six patients the side effects that 


necessitated discontinuation of therapy occurred 


shortly after an increase in mexiletine dosage. In these 


_ six patients the maximal mexiletine dose not associated 


with side effects produced a mean plasma concentration 


- of 2.2 ug/mřFat peak level and 1.2 ug/ml at the trough 
__~ level. Therefore, adverse effects appeared to be related 
to dosage and plasma concentration of mexiletine. 


Pharmacokinetics of mexiletine: The average 
fluctuation in the lowest level of plasma mexiletine 
concentration over the 24 hours before any dose change 
was 10 percent, confirming that steady state plasma 
concentrations had been achieved. The area under the 

_ plasma concentration-time curve for each dose regimen 
_ was linearly related to oral dose in mg/kg (r = 0.63, p 
<. <0.001) (Fig. 2), suggesting first order elimination ki- 











a TABLE IH 
` Pharmacokinetics of Mexiletine in the Seven Patients Who 
Completed the Protoco! 
Mean Range 

Half-life {h} 12.6 10-14.4 
Plasma clearance (ml/min) 363 221-619 
Volume of distribution 

Liters/kg 5.56 3.9-9 

Liters 403 275-578 








FIGURE 2. Area-under concentration-time curve as a 
function of 8 hourly oral doses (in mg/kg body weight). 
The highly significant linear correlation (r = 0.63, p 
<0.001) is suggestive of a first order elimination pro- 
cess. 


netics.” Average mexiletine plasma clearance with the 


200 mg dose (835 + 50 ml/min) was similar to that with 


the 300.mg dose (315 +40 ml/min) (p >0.5). Further- 
more, in three patients, there was no change in mexile- 
tine plasma clearance with the 400 mg dose. 

The half-lives cbtatned from the terminal log con- 
centration-time curves are shown in Table III, together 
with the other calculated. pharmacokinetic variables. 
The correlation coefficients relating the logarithm of 
mexiletine concentration to time in these patients av- 
eraged 0.96 (range 0.90 to 0.99). 

Long-term follow-up: Mexiletine was continued 
beyond the acute testing protocol for long-term therapy 
in Patients 4 and 6. Patient 4 received 300 mg every 8 
hours for 10 months until recurrent ventricular tachy- 
cardia was noted in a routine ambulatory électrocar- 
diographic recording. Mexiletine was then increased to 
400 mg every 8 hours but side effects subsequently oc- 
curred and administration of the drug was discontinued. 
In Patient 6, administration of 400 mg of mexiletine 
every 8 hours was continued for 5 weeks but subsequent 
occurrence of side effects necessitated discontinuation 
of therapy. 


Discussion 


This study employed a controlled evaluation of the 
antiarrhythmic effects of mexiletine in 15 patients who 
(1) had ventricular tachycardia or ventricular fibrilla- 
tion that recurred despite treatment. with conventional 
agents, or (2) were intolerant to conventional antiar- 
rhythmic agents. Analysis of antiarrhythmic effects with 
the maximal mexiletine dose revealed that 2 patients 
had a more than 90 percent reduction in frequency of 
premature ventricular complexes, whereas 11 patients 
had a less than 50 percent reduction. The mean fre- 
quency-for these 13 patients: was unchanged. Ventric- 
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ular tachycardia was not abolished in nine patients, 
whereas recurrent, uncontrolled ventricular tachycardia 
‘necessitated premature termination of mexiletine 
therapy in 2 patients. 

Comparison with previous studies: Earlier studies 
have indicated better antiarrhythmic effects than those 
demonstrated in our trial. Talbot et al." reported a 95 
percent reduction in premature ventricular complexes 
in 43 of 59 patients treated with mexiletine, whereas 
while Campbell et al.4 found a 50 percent or more re- 
duction in 14 of 17 patients treated with oral mexiletine. 
Both reports indicate that mexiletine abolished ven- 
tricular tachycardia. Mexiletine has been found to be 
an effective agent for suppression of premature ven- 
tricular complexes and ventricular tachycardia in other 
studies as well.*1!9 In ventricular arrhythmias after 
myocardial infarction,?!> mexiletine demonstrated 
antiarrhythmic effects comparable to procainamide but 
was associated with fewer side effects. However, in our 
patient group; mexiletine demonstrated minimal anti- 
arrhythmic effects as measured either by changes in 
frequency of premature ventricular complexes or sup- 
pression of ventricular tachycardia. 

Side effects: Adverse effects had been most fre- 
quently reported with intravenous administration of 
mexiletine but initial reports*+ indicated these were less 
common during oral therapy. In our study, adverse ef- 
fects occurred in nine patients (60 percent) and in 6 of 
these patients (40 percent) these effects were of suffi- 
cient severity to warrant discontinuation of therapy. We 
noted no instances of adverse cardiovascular effects 
such as bradycardia or arterial hypotension. The fre- 
quency of adverse effects we noted is similar to that 
reported in later studies. Campbell et al. found severe 
adverse effects in 31 percent of patients, and Talbot et 
al.? reported a 29 percent incidence rate of severe ad- 
verse effects that necessitated some changes in 
therapy. 

Therapeutic and maximally tolerated plasma 
concentrations: Antiarrhythmic effects of mexiletine 
were determined in our study at a time when trough 
plasma concentrations of mexiletine ranged from 0.6 to 
3.1 ug/ml as measured in 14 patients. According to prior 
reports,*!®!9 therapeutic plasma concentrations of 
mexiletine range between 0.75 and 2.00 ug/ml. There- 
fore, the poor antiarrhythmic response is not explained 
by a failure to achieve expected therapeutic plasma 
levels. 

In the six patients with side effects that limited 
therapy, the mean mexiletine plasma concentration that 
was well tolerated was 1.2 ug/ml at the lowest level, 
while patients with no dose-limiting adverse effects 
achieved a plasma concentration of 1.5 ug/ml at the 
lowest level. It was not possible to determine the 
steady-state low levels of mexiletine at the time of se- 
vere adverse side effects but the maximal tolerated 
plasma levels in this study agree with the findings of 
Campbell et al., who suggested that adverse effects 
were most common when the lowest plasma concen- 
trations exceeded 1.50 ug/ml. In our study four patients 
tolerated low level plasma concentrations greater than 
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1.5 ucg/ml but only two of the four had a more than 90 
percent reduction in premature ventricular complexes; 
in the other two these complexes increased or ventric- 
ular tachycardia appeared. Our findings indicate there 
is both considerable interpatient variability in dose- 
response to mexiletine and a narrow toxic-therapeutic 
ratio of mexiletine. 

Pharmacokinetics: Our data demonstrate that 
mexiletine appears to undergo elimination by a first- 
order pharmacokinetic process. This implies that at a 
given dosage regimen, plasma concentration is directly 
proportional to the size of the dose and elimination 
half-life is constant. The elimination half-life of mexi- 
letine was 12.6 + 1.6 hours. This value is similar to that 
reported by Prescott et alë in six patients studied in a. 
coronary care unit and is longer than the value found 
in normal volunteers of 9.3 + 2.4 hours.® Thus, in the . 
presence of cardiac disease, mexiletine half-life appears 
to be longer than in normal patients. If one assumes a 
bioavailability of 90 percent for oral mexiletine,® these 
pharmacokinetic data predict that an oral dose of 4.2 
mg/kg every 8 hours should, at steady state, producea 
mean plasma concentration of about 1.6 ug/ml, which 
is the mean effective plasma concentration reported by 
Talbot et al? 

Therapeutic implications: The observations on 
antiarrhythmic efficacy and adverse side effects of 
mexiletine in our patient group are disappointing. One 
factor that may account for the difference between our 
results and those of earlier trials is the nature of our 
patient group. In early studies, the majority of patients 
were treated for ventricular arrhythmias occurring 
within several days of acute myocardial infarction. In 
our study, nine patients had ischemic heart disease and 
all were studied more than 1 month after infarction, and 
the other 6 patients had a variety of cardiac disorders. 
In addition, all 15 patients had failed multiple trials of 
other oral antiarrhythmic agents in an attempt to con- 
trol recurrent ventricular tachycardia. In a more recent 
study, Campbell et al.6 noted similar findings in treating 
patients with chronic, recurrent ventricular tachycardia, ©. 
despite adequate plasma concentrations of mexiletine. 
Therefore, mexiletine appears to have limited efficacy 
in the management of chronic, drug-resistant ventric- 
ular tachycardia and ventricular fibrillation and its use 
is associated with a relatively large incidence of adverse 
effects. 


Addendum 


Since this report, we have treated four additional 
patients with mexiletine. All had recurrent symptomatic 
ventricular tachycardia or ventricular fibrillation, or 
both, that was not controlled by conventional antiar- 
rhythmic agents. Three patients had recurrence of 
symptomatic ventricular tachycardia while receiving 
other investigational agents. During a follow-up period 
of 1 to 6 months (mean 4.5 months), no patient has had 
clinical evidence of recurrence of ventricular tachy- 
cardia while receiving 200 to 400 mg of mexiletine every. 
8 hours. One patient required propranolol in addition —— 
to mexiletine. There were no apparent differences in any 
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continue to believe that mexiletine has a limited role in 
treating patients with recurrent drug-resistant ven- 
tricular tachycardia. 


‘elinical variables between these 4 patients and the first 
~o L-treated patients that might account for the differ- 
ences in clinical success. with mexiletine treatment. We 
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Twenty-three patients with recurrent sustained ventricular tachycardia 
underwent Holter electrocardiographic monitoring to assess whether the 
frequency or grade, or both, of spontaneous ventricular ectopic activity 
was predictive of the therapeutic response to pharmacologic or surgical’ 
therapy as judged from electrophysiologic testing. Only infrequent, non- 
complex ventricular ectopic activity was noted on Holter monitoring in. 


six patients successfully treated with antiarrhythmic agents who subse- 


quently have been free of recurrent sustained ventricular tachycardia. 
In only one patient did complex ventricular ectopic activity persist.in 11 __ 
(67 percent) of 16 patients in whom drug therapy failed (thatis, in whom. 
tachycardia was inducible), sustained ventricular tachycardia (7 patients) 


or other complex ventricular ectopic activity (4 patients) was noted during __ 


Holter monitoring on an ineffective regimen. However, 2 (20 percent) of 
these 11 and the remaining 5 patients (31 percent) in whom drug treat- 
ment failed showed greater than 90 percent suppression of all ventricular 
ectopic activity (other than ventricular tachycardia) on at least one in- 
effective regimen. 

Eleven patients in whom drug therapy failed underwent aneurysmec- »_ 
tomy and endocardial resection. Sustained ventricular tachycardia could 
not be induced postoperatively by programmed electric stimulation nor 
has it recurred spontaneously in any patient; however, 8 (72 percent) of — 
these 11 had persistent complex ventricular ectopic activity on Holter — 
monitoring. It is concluded that the response of ventricular ectopic activity 
on Holter monitoring to antiarrhythmic or surgical therapy does not predict 
therapeutic success in the treatment of recurrent sustained ventricular 
tachycardia. 


The therapy for recurrent sustained ventricular tachycardia is often — 
frustrating and unsuccessful despite the availability of numerous anti- 
arrhythmic agents. Surgical procedures. and specialized pacemaker de- 
vices have not previously met with widespread success. However, so- 
phisticated electrophysiologic techniques, allowing the serial testing of 
antiarrhythmic agents and identification of the sites of origin of the 
tachycardia circuits, have recently provided a-more rational approach 
to the management of these patients.'° Although the ability to prevent 
the initiation of sustained ventricular tachycardia by pharmacologic or — 
surgical therapy, or both, correlates with the presence of sustained 
ventricular tachycardia clinically, no data are available concerning the 
effects of these interventions on asymptomatic arrhythmia. ee 
This study was designed to address the following questions: (1) Does 


therapy, which prevents the initiation of ventricular tachycardia, alter 
the frequency and grade of other ventricular ectopic activity when as- 
sessed with long-term electrocardiographic monitoring? (2) Can this _ 


effect on ventricular ectopic activity serve as a marker for the propensity — 
for spontaneous sustained ventricular tachycardia to develop? 
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Methods 


* Patients: The study group comprised 18 men and 5 women 
ranging in age from 23 to 68 years (mean 56) (Table I). All 


c73 patients had symptomatic ventricular tachycardia refractory 


to empirically designed antiarrhythmic regimens before their 
referral. Twenty-two of the 23 patients had coronary artery 
disease, including 14 (61 percent) with an angiographically 
defined ventricular aneurysm. One patient had previously 
‘undergone right ventriculotomy and infundibulectomy for 
repair of tetralogy of Fallot. All patients underwent electro- 
physiologic studies to assess the efficacy of several antiar- 
rhythmic agents or surgery, or both, and were then followed 
up prospectively with a long-term regimen devised on the 
basis of the results of these studies. 

Electrophysiologic studies: These studies were performed 


: : {after informed consent was obtained) with the patients in the 


nonsedated postabserptive state. Multiple electrode catheters 
were inserted either percutaneously or by cutdown procedure 
and. positioned in the heart under fluoroscopic guidance. 
~ Quadripolar electrode catheters were used when recording and 
stimulation from the site were required. The distal electrode 
was used for stimulation and the proximal pair for recording. 
Intracardiac recordings were filtered at 40 to 500 hertz and 
_ simultaneously displayed with two or three electrocardio- 
graphic leads on a multichannel oscilloscope (DR16, Elec- 
tronics for Medicine, White Plains, New York). The data were 
~ stored-on magnetic tape and later retrieved on photographic 


ae paper at speeds of 100 te 400 mm/s. Programmed electric 


stimulation was performed using a specially designed pro- 


=- grammable stimulator and isolated current source (Bloom 


Associates, Ltd., Narberth, Pennsylvania). The stimuli were 
rectangular pulses 1 ms long and twice diastolic threshold 
during all studies. 

The stimulation protocol during control and all subse- 
quent studies included the introduction of single and double 
ventricular extrastimuli during normal sinus rhythm and 
during ventricular pacing at several cycle lengths, and ven- 
tricular pacing at cycle lengths of 600 to 250 ms for 15 to 60 
seconds. This protocol has previously been described in de- 
tail.4® In each patient, before pharmacologic or surgical 
therapy, ventricular tachycardia similar in morphologic fea- 
tures and rate to the spontaneously occurring arrhythmia 
could be reproducibly initiated with programmed ventricular 
stimulation. 

Serial electrophysiologic studies were performed after the 
administration of various antiarrhythmic agents, including 
lidocaine, disopyramide, procainamide, quinidine, phenytoin 
and propranolol or combinations of these agents. During these 
studies the patients’ clinical status was stable, serum elec- 
trolytes were maintained within the normal range and other 
. medications were unchanged. If an agent prevented the in- 
duction of sustained ventricular tachycardia, blood levels were 


-drawn and treatment with an antiarrhythmic regimen de- 


signed to provide similar long-term blood levels was initiated. 
Patients in whom no agent or combination of agents prevented 
the initiation of sustained ventricular tachycardia underwent 
endocardial mapping to localize the origin of the tachycardia 
circuit.” Eleven (69 percent) of the 16 patients in whom 
medical treatment failed thus studied underwent surgical 
resection of the aneurysm or scar and endocardial border at 
which the tachycardia was localized with intraoperative 
mapping.!° Five (31 percent) of the 16 patients either refused 
surgery or were judged to have an inoperable condition and 
were treated with a medical regimen that made induction of 
ventricular tachycardia most difficult. 

Continuous electrocardiographic monitoring: All pa- 
tients underwent continuous electrocardiographic monitoring 
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for at least 24 hours earlier by telemetry (B-D Electrodyne 
Computerized Arrhythmia Program) or by Holter monitoring 
after therapeutic intervention. The seven patients who re- 
sponded to antiarrhythmic therapy underwent at least two 























TABLE | 
Summary of Data on 23 Patients 
Age (yr) Prestudy Follow- 
Case  & Sex Arrhythmia Diagnosis Up 
Medical Responders 
1 67M Recurrent VT CAD, 21 mo 
s/p MI 
2 64M Recurrent VT, CAD, 7 mo, died 
VF s/p Mi 
3 60M Syncope, . GAD, 11 mo 
recurrent VT s/p Mi 
4 54F Recurrent VT, CAD, 34 mo 
VF s/p MI 
5 S0 F Recurrent VT, CAD 23 mo 
F 
6 72F Recurrent VT, CAD, 3 mo 
V flutter s/p Ml 
7 58M Recurrent VT CAD, s/p 3 mo 
MI, LV 
aneurysm 
Surgical Group 
& 49F Recurrent VT CAD, s/p 8 mo 
MI, LV 
aneurysm 
9 60M Recurrent VT, VF CAD, s/p 15 mo 
MI, LV 
aneurysm 
10 61M Recurrent VT CAD, s/p 7 mo 
Mi, LV 
aneurysm 
t1 66M Recurrent VT CAD, s/p 9 mo 
MI, LV 
aneurysm 
12 62M Recurrent VT CAD, s/p 5 mo, died 
Mi, LV 
aneurysm 
13 49M Recurrent VT CAD, s/p 12 mo 
Mi, LV 
aneurysm 
14 59M Recurrent VT CAD, s/p 10 mo 
Mi, LV 
aneurysm 
15 47M Recurrent VT CAD, s/p 28 mo 
Mi, LV 
aneurysm 
16 23M = Recurrent VT Correction of 6mo 
tetralogy of 
Fallot 
1? 69M Recurrent VT CAD, s/p 2 mo 
MI, LV 
aneurysm 
18 57M Recurrent VT CAD, s/p 14 mo 
MI, LV 
aneurysm 
Medica’ Failures Not Undergoing Surgery 
19 68 F Recurrent VT GAD, 15 mo 
s/p MI 
20 55M Recurrent VT CAD, s/p 3 mo 
MI, LV 
aneurysm 
21 52M Fecurrent VT, VF CAD, 1 mo, died 
. s/p Mi 
22 33M = Recurrent VT SAD 21 mo 
23 56M = Recurrent VT CAD, 2 wk, died 
- s/p Mi 





CAD = coronary artery disease; LV = left ventricular; MI = myo- 
cardial infarction; s/p = status post; V = ventricular; VF = ventricular 
fibrillation; VT = ventricular tachycardia. 
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periods of continuous 24 hour electrocardiographic monitoring 
-while they were on the medical regimen that prevented the 
‘initiation of ventricular tachycardia by programmed stimu- 
. lation Of the remaining 16 patients, 14 (88 percent) under- 
“went-continuous electrocardiographic monitoring on regimens 
«that failed to prevent initiation of sustained ventricular 
tachycardia. All surgically treated patients underwent con- 
tinuous electrocardiographic monitoring at least once and, in 
several instances, multiple times after postoperative elec- 
trophysiologic testing demonstrated that sustained ventricular 
tachycardia could no longer be induced. The frequency and 
-éomplexity of ventricular ectopic activity was then assessed 
in all patients. 


Results 


Patients in whom antiarrhythmic therapy pre- 
vented initiation of ventricular tachycardia: In 7 (30 
~- percent) of the 23 patients antiarrhythmic agents pre- 
vented the induction of sustained ventricular tachy- 

_ cardia (Table II). Procainamide was effective in four 
patients, procainamide and propranolol in one patient, 
phenytoin in one patient and disopyramide in the sev- 
enth. Each patient underwent continuous electrocar- 


TABLE il 
Results of Holter Monitoring in Medical Responders 


diographic monitoring during initial hospitalization 1- - 


to 10 days after each electrophysiologic study. Virtual 


suppression of all complex and infrequent, noncomplex = 
ventricular ectopic activity was noted on long-term 


electrocardiographic monitoring in six of seven patients. 


The frequency of ventricular ectopic activity ranged _ 


from 0 to 81 uniform ventricular premature depolar- 


izations/h with mean frequencies ranging from 0.25 to 


17.4/h. Only one patient (Case 5) continued to manifest 
bigeminal and trigeminal ventricular ectopic activity | 
while on an effective regimen. 


Sustained symptomatic ventricular tachycardia did _ 
not recur in the follow-up period of 3 to 34 months 
(mean 14) when the effective antiarrhythmic agent was __ 


maintained at the prescribed dosage. In three patients - 


(Cases 1, 4 and 5) sustained ventricular tachycardia f 
developed when antiarrhythmic therapy was inter- 


rupted either by the patient or the referring physician 


(Table II). Reinstitution of the prescribed dose resulted _ : 
in continued absence of ventricular tachycardia. Patient __ 
5 continued to manifest bigeminal and trigeminal ven- __ 


tricular ectopic activity even with the proved effective . 





ineffective Regimen by 
Case Electrophysiologic Testing 


Monitoring While 
VT Inducible 


60 VPDs (uniform) 1h 
30-60. VPDs/h (uniform) 
30-60 VPDs/h (uniform) 





1 Procainamide, 4 mg/min IV 
Procainamide,:6 mg/min IV 
Procainamide, 8 mg/min IV, 
and Propranolol, 20 mg q6h 


2 Procainamide, 1,250:mg g4h 
couplets, triplets 


3 No antiarrhythmic agents VT 


4 No antiarrhythmic agents VT 


5 No antiarrhythmic agents 90-120 uniform VPDs/h 


6* No antiarrhythmic agents VT 


7 No antiarrhythmic agents VT — VF 


Procainamide, 750 mg q4h 





* Patient admitted medical noncompliance prior to this recording. 








Frequent VPDs, salvos of 


20 s episode of VT, 0-500 
VPDs/h mean 69 VPDS/h 





Effective 
Oral 
Regimen Monitoring on Effective Regimen 
Procainamide, (1) 2 days post study->0 VPD/24 h 
1g -q4h orally (2) 8 days post study —-0-6 VPD/h 
and (3) 11 days post study —= 100 VPD/h 
Propranolol, Multiple episodes of sustained VT when 
40 mg q6h dose of procainamide lowered to 750 
q4h. No recurrence after institution of 
original effective dose. : 
Procainamide, (1) tday post study > 0 VPD/24 h 
1,500 mg q4h (2): 3 days post study -> 0 VPD/24h 
(3) 14 days post study —>=0-3 VPD/h (mean 
0.25/h) 
Procainamide, (1) 1day post study -> 0-54 VPD/h 
500 mg q4h (2) 8 days post study > 0-81 VPD/h (mean 
10/h)} 
Procainamide, (1) 10 days post study -> 0 VPD/24 h 
500 mg q4h (2) Cardiac arrest after procainamide 
discontinued by referring 
‘physician. On procainamide again, 
no recurrence 
Phenytoin, (1) 1-day post study —> bigeminy, 
200 mg bid quadrageminy 
(2) 11 days post study —> (Norpace,® 
150 mg tid, added) trigeminy 
(3) 1yr post study VT after missing 
dose of medication. No 
recurrence on reinstitution of 
phenytoin. 
Disopyramide, (1) 1 day post study -> rare uniform 
150 mg q6h VPDs 
(2) 2 days post study —> 0/VPD/24h 
Procainamide, (1) 2 days post study -> 0-42 
1,250 mgq4h 


uniform VPDs/h (mean 17.4/h) 





iV = intravenously; VPDs = ventricular premature depolarizations; VT = ventricular tachycardia. 


-À 
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antiarrhythmic regimen. Disopyramide was added by 
the referring physician, but it did not alter the fre- 


> quency of the arrhythmia. The patient remained 


- asymptomatic until 1-year after hospitalization when, 

- after missing several doses of her medication, she had 
an episode of sustained ventricular tachycardia re- 
quiring direct current cardioversion. After reinstitution 


of her initial medication she continued to be asymp- 


tomatic over the ensuing 10 months. 

Patients.in whom antiarrhythmic therapy failed 
to prevent electrophysiologic initiation of ven- 
© tricular tachycardia: In 16 (70 percent) of the initial 

>. 23 patients, ventricular tachycardia was inducible de- 


TABLE il 
_ Results of Holter Monitoring in Surgical Group 


spite treatment with all-antiarrhythmic agents (Tables 
HI and IV}. Five (31 percent) of these 16 did not un- 
dergo surgery (Table IV). Two patients (Cases 20 and 
21) were believed to be poor surgical candidates because 
of diffuse severe left ventricular dysfunction or the 
absence of a discrete, resectable aneurysm. One patient 
(Case 23) died from intractable ventricular tachycardia 
before surgery could be performed. Two patients re- 
fused surgery. All of these patients were maintained on 
the antiarrhythmic regimen that made induction of 
ventricular tachycardia by programmed stimulation 
most difficult. Eleven of the 23 patients underwent 
surgery and will be describec later. 





Ineffective Regimens by 


f Monitoring While 
Case Etectrophysiolagic Testing 


VT inducible 





8 All regimens VT 


3 All regimens Recurrent VT 


10 Aprindine, 50 mg q12h 
Procainamide, 509 mg a4h 


0 VPD/24 h 
300-900 VPDs/h 


YW Baseline Muitiform, triplets, 


couplets 
All regimens T 
12 Lidocaine, 4 mg/min IV 0 VPD/24h 
Other regimens VT 
13 Quinidine, 400 mg q6h VT 


14 Quinidine, 600 mg. q6h Multiple runs of 


nonsustained VT, 
bigeminy 
Other regimens Unavailable 
15 Disopyramide, 15 mg q6h 0-480 uniform 
VPDs/h VT 
Other regimen? VT 
16°. All regimens VT 


0 VPDs/24 h on all 
regimens 


0-2 VPDs, VT 
Occasional couplets 


17 AH regimens 


18 — Procainamide, 5 mg/min 
Quinidine, 300 mg o6h 





VT not inducible 


VT not inducible 


YT not inducible 


VT not inducible 


VT not inducible 


VT not inducible 


VT not inducible 


VT not inducible 


VT not inducible 


VE not inducible 


VT not inducible 


Postoperative Postoperative Monitoring 





(1) 14 days postop —> occasional VPDs 
(4 beat-run) of nonsustained VT 


(1) 1 month postop —> 1-17 muitiform 
VPDs/h ieee 

{2} 2 month postap ~> 180 VPDs/h with 
bigeminy, pairs, triplets 

(3) 9 weeks postop -> (procainamide, 
500 mg q4h) -> rare unifocal VPDs 
and couplets 


(1) 22 days postap -> 500-200 VPDs/ 
h, mean 59/hduniform) 


(1) 13 days postep —> 10-93 muitiform 
VPDs/h (mean 43/h) 
with couplets, triplets * 

(2) 22 days postop > 20-50 multiple. - 
VPDs/h 


(1) 7 days postop > 0-78 multiple 
VPDs/h, 2 episodes unsustained VT 


14) 13 days postop > (on quinidine, q6h) 
fon quinidine, —> 0-3 uniforra VPD/h (mean 0.5/h) 
800 q6h for 

SVT} 


(1) 5 days postop —> 20-748 VPD/h 
{mean 201/h), 
frequent couplets 


(1) 4 days postop > 24-153 uniform 
VPDs/h (mean 168/h}, couplets 

(2) 1 day postop (Norpace®, 150 mg q8h 
added).72-385 unifocal VPDs/h 
{mean 64/h) 

{3} 1 yr postop (no medication) 10-156 
VPDs/h 


(4) 12 days postop —> bigeminy with 
exercise 

(2) 6 mo postop, 19-100 multiform 
VPDs/h 


(3} 2 wk postop “> multiform VPDs, 
couplets 


(1) 2 wk Holter — 5-25 uniform VPDs/h 
(mean 16) 





* Procainamide added by referring physician because of ventricular ectopic activity noted on Holter monitoring. 
IV = intravenously; postop = postoperative; SVT = supraventricular tachycardia; VPDs = ventricular premature depolarizations; VT = ventricular 


tachycardia. 
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Fourteen (88 percent) of the 16 patients in whom 
“medical therapy failed (Tables IH and IV) underwent 
< continuous electrocardiographic monitoring on a 
medical regimen that failed to prevent initiation of 
ventricular tachycardia by programmed stimulation, 
including the 11 patients subsequently undergoing 
= surgery (Table IID). Nine (67 percerft) of the 14 contin- 
- ously. monitored patients manifested ventricular 
tachycardia (6 patients) or complex arrhythmias (3 
patients) during at least one monitoring period while 
on an ineffective regimen. Two patients (Cases 18 and 
20) had complete suppression of all ventricular ectopy 

on one of multiple ineffective regimens. In the re- 
maining four patients noncomplex ventricular ectopic 

activity. was observed during at least one monitoring 

: period and ventricular ectopic activity was completely 
abolished by at least one antiarrhythmic regimen that 
proved ineffective in the electrophysiologic laboratory. 
Therefore, 6 (38 percent) of the 16 patients in whom 
medical treatment failed had almost complete sup- 
pression of ventricular ectopic activity on at least one 
medical regimen that did not prevent the initiation of 
sustained ventricular tachycardia. 

Four of the five patients with unsuccessful medical 

therapy who did not undergo surgery (Table IV) had 
-recurrent ventricular tachycardia in the follow-up pe- 
riod and continued to manifest complex ventricular 
ectopic activity on outpatient long-term electrocar- 
diographic monitoring. One of these five patients (Case 
99) demonstrated continued abolition of all ventricular 
arrhythmias while on a previously defined ineffective 
regimen. In this patient ventricular tachycardia could 
only be initiated by two ventricular extrastimuli during 
a basic drive cycle length of 300 ms on the previously 
defined ineffective regimen: There were no recurrences 
of ventricular tachycardia in 12 months of follow-up. 


Patients undergoing surgical therapy after 
medical failure: Eleven of the 16 patients (69 percent) 


with unsuccessful medical therapy underwent surgery 


(Table III). Ten (90 percent) of the 11 underwent en- 


docardial resection with (8 patients) or without (2 pa=.: : 


tients) aneurysmectomy in attempts to interrupt the 
tachycardia circuit. One patient (Case 14) underwent 
resection of scar tissue in the right ventricular outflow 
tract resulting from childhood repair of tetralogy of 
Fallot. In only one of these patients could sustained =- 
ventricular tachycardia be induced by programmed 
stimulation in the postoperative period. 

All patients had at least one period of 24 hour elec: 
trocardiographic monitoring after postoperative elec- 


trophysiologic evaluation. Complex ventricular ectopic 
activity was seen in 10 of these 11 patients on atleast __ 
one 24 hour recording. Runs of nonsustained ventricular —_ 
tachycardia {three to five complexes) were noted in | 
three patients (Cases 8, 11 and 12) but sustained vene 
tricular tachycardia did not occur. Six additional pa- 


tients (Cases 9, 11 and 14 to 17) manifested complex 
forms including couplets, triplets and multiform activity 
on at least one 24 hour recording. Only one patient (Case 
18) demonstrated infrequent uniform ventricular ecs- 


topic activity with 5 to 25 uniform ventricular prema- 
ture depolarizations/h (mean 16/h) during a 24-hour __ 


recording period. Patient 13 was treated with quinidine 
for atrial arrhythmias in the postoperative period. This 
patient had only infrequent uniform ventricular pre- 
mature depolarizations (mean 0.5/h) during the 24 hour 
recording period. The mean frequency of ventricular 
premature depolarizations for this group was 112 + 
10/h, (mean + standard error of the mean), excluding 
the single patient taking quinidine. Despite the fre- 
quency and complexity of ventricular ectopic activity 
universally noted in this group of patients, sustained 











TABLE IV 
Results of Holter Monitoring in Patients With Medical Failure (nonsurgical group) 
Case Ineffective Regimen 
19 Quinidine and disopyramide 


Phenytoin, 300 mg/d and propranolol, 40 q6h 
(regimen making VT most difficult to induce) 


20 Procainamide, 750 mg q4h 
Procainamide, 1,250 mg q4h 
Procainamide, 1 g q4h + quinidine 300 q6h 
Procainamide, 2 g q4h 
Aprindine, 200 mg q6h 


21 Procainamide, 4 mg/min IV 
Quinidine, 600 mg q6h 
22 Quinidine, 400 mg g6h . 


Disopyramide, 300 mg q&h + propranolol, 40 mg q6h 


23 Disopyramide, 200 mg q6h + aprindine, 150 mg q6h 
Disopyramide, 400 mg q6h + aprindine, 150 mg q6h 





Monitoring on Regimen 





(1) VT, syncope 
(1) 4 mo post study —> frequent couplets, 
rare triplets 


(1) Rare uniform VPDs 

(1) Isolated/24 h 

(1) 0 VPDs/24-h 

(1) 0 VPDs/24 h 

(4) 360-420 VPDs/h 

(2) Slow spontaneous VT 

(3) VT as outpatient 1 mo post study 


(1) Bigeminy 
(1) 2 triplets, rare uniform VPDs 
(1) 0 VPDs/24 h 


(1) 0 VPDs/24 h 
(2) 1 mo post study ~> 0 VPDs/24 h 


(1) Couplets, rare uniform VPDs 
(1) VT —> VF (recurrent) — died 





SVT = supraventricular tachycardia; VPDs = ventricular premature depolarizations; VT = ventricular tachycardia. 
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ventricular tachycardia did not occur in the follow-up 
period of 2 to 29 months {mean 10.6) in any patient. 


Discussion 


Simple or complex ventricular activity as a 
marker for susceptibility to sustained ventricular 
- tachycardia: The management of patients with re- 
~~, current sustained ventricular tachycardia often presents 


| difficult problems despite the availability of several 


apparently effective antiarrhythmic agents. The ther- 
apeutic approach to this disorder has been based on the 
unproved assumption that simple or complex ventric- 
ular ectopic activity serves as a marker for the propen- 
sity of sustained ventricular tachycardia to develop. 
Therapeutic efficacy has therefore been assumed to 
correlate with suppression or elimination of ventricular 
ectopie activity on an empirically designed antiar- 
rhythmic regimen. The results of our study suggest that 


ventricular ectopic activity may not serve as a marker 


-_ for susceptibility to development of sustained ventric- 
ular tachycardia and therefore that the basic premise 
-for empirically designed therapy may be invalid. 

A recent report by Myerburg et al.!! suggests that the 
“presence or absence of complex ventricular ectopic ac- 
tivity en long-term electrocardiographic monitoring 

does not allow prediction of the patients likely to have 

| > recurrent out-of-hospital cardiac arrest. Although our 

patient population differs from that of their study, our 

data support a similar conclusion in patients with re- 
current sustained ventricular tachycardia. 

Programmed electric stimulation as a judge of 

therapeutic efficacy: Because empiric trials of anti- 
arrhythmic agents must await the recurrence of ven- 
tricular tachycardia in order to define therapeutic 
failure, other methods have been sought for rapid and 
accurate assessment of success or failure. Programmed 
electric stimulation appears to be an effective and re- 
liable technique for judging therapeutic efficacy. Several 
recent studies indicate that the induction of sustained 
ventricular tachycardia in the electrophysiologic labo- 
ratory correlates with its clinical occurrence?“ and that 
the inability to induce the tachycardia predicts its 
clinical absence.'*69 Because the availability of these 
sophisticated electrophysiologic techniques is limited 
to a small number of large medical centers, we have 
+ sought to establish whether noninvasive evaluation 
utilizing long-term electrocardiographic monitoring 
would allow prediction of the success or failure of the 
therapeutic regimen or modality in question. 

Holter electrocardiographic monitoring to pre- 
~ diet therapeutic success or failure: Recent data have 
=< demonstrated the marked spontaneous variability of 
«ventricular ectopic activity recorded by Holter moni- 

toring.!* Such variation limits the utility of this tech- 
nique to assess drug efficacy and specifically to predict 
a sporadic event such as ventricular tachycardia. Thus 
we have prospectively evaluated the relation of spon- 
taneous ventricular ectopic activity on Holter moni- 
toring to the ability to induce ventricular tachycardia 
by programmed stimulation after therapeutic inter- 
ventions. Although successful antiarrthythmic therapy 


was often associated with marked suppression of ven- 
tricular ectopic activity, patients in whom such therapy 
failed also frequently (38 percent) demonstrated sup- 
pression of ventricular activity. Moreover, successful 
surgical ablation of sustained ventricular tachycardia 
was almost invariably associated with the presence of 
complex ventricular arrhythmias on monitoring. Thus 
the presence or absence of arrhythmias on a Holter 
monitor recording could not predict the clinical results 
of therapy, although the clinical response did correlate 
with electrophysiolegic testing. 

Mechanisms of efficacy of antiarrhythmic agents 
and surgery in ventricular tachycardia: Two 
mechanisms for abolition of ventricular tachycardia are 
possible—eradication of the triggering mechanisms 
{that is, spontaneously occurring ventricular ectopic 
aeitivity) or rendering the reentrant circuit incapable 
of sustaining reentry. In patients successfully treated 
with surgical interventions, the continued presence of 
simple and complex arrhythmias suggests that the 
mechanism for successful surgery was an alteration of 
the reentrant circuit. In contrast, in patients in whom 
ventricular tachycardia was abolished by antiarrhyth- 
mic agents, prevention of ventricular tachycardia was 
often associated with abolition of ventricular ectopic 
activity. However, the mechanism of successful anti- 
arrhythmic therapy has not yet been determined. By 
definition, failure of programmed electric stimulation 
to reinitiate a tachycardia after administration of a 
certain drug was the basis for choosing subsequent 
antiarrhythmic therapy. Programmed electric stimu- 
lation only tests the ability of a potential reentrant 
circuit to sustain a reentrant tachycardia because the 
“triggers” are artificially induced. Because clinical re- 
currences of ventricular tachycardia are accurately 
predicted by eleetrophysiologie testing, alterations of 
the electrophysiolégic properties of the reentrant circuit 
are the most likely mechanism of successful antiar- 
rhythmic drug action. There was only one potential 
exception to this hypothesis; in one patient (Case 22) 
ventricular tachycardia was still inducible by. pro- 
grammed electric stimulation, yet no clinical ventricular 
tachycardia has recurred. However, the programmed 
eleetric stimulation required to initiate the tachycardia 
in this patient was unphysiologic (see previous discus- 
sion). Thus, it appears that alterations of the reentrant 
circuit are probably the method by which surgery or 
pharmacologic therapy, or both, successfully ablates 
long-term arrhythmias. 

Clinical implications: Patients with complete ab- 
sence of ventricular ectopic activity on a given drug 
regimen may still manifest recurrent ventricular 
tachycardia. In our experience the ventricular tachy- 
cardia of these patients can be initiated by programmed 
electric stimulation. Therefore, an a priori assessment 
of the efficacy of antiarrhythmic agents in preventing 
recurrent sustained ventricular tachycardia cannot be 
made solely from Holter monitoring of ventricular ec- 
topic activity. Whether absence of ventricular ectopic 
activity in a patient in whom ventricular tachycardia 
cannot be induced by programmed electric stimulation 
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can serve as a marker for continued suppression of 
_ ventricular tachycardia is unknown. Further follow-up 
- -of such patients is required to assess whether the de- 

velopment of ventricular ectopic activity that is fre- 
-quent or complex, or both, may indicate subtherapeutic 
drug levels due to noncompliance with therapy or a 
_ change in drug metabolism and portend a clinical epi- 
sede of ventricular tachycardia. 

Our results should be applied only to those patients 
with recurrent sustained ventricular tachycardia due 
“to structural cardiac abnormalities as a result-of isch- 
_-emic heart disease or surgical repair of congenital heart 


« 


disease. Patients with primary electric heart disease or — : 


arrhythmias temporally associated with transient. o 
myocardial ischemia may represent different patient ©. 


populations with different electrophysiologic se 
strates. 
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Moxaprindine, a new derivative of aprindine, possesses antiarrhythmic 
properties and is significantly less toxic than its parent compound on 
hematopoietic cells in culture. Hs electrophysiologic effects were studied 
with programmed electric stimulation of the heart in 19 patients with re- 
current episodes of reentrant tachyarrhythmias (atrioventricular nodal 
tachycardia, & cases; circus movement tachycardia involving an ac- 
cessory pathway, 6 cases; ventricular tachycardia, 4 cases; ventricular 
tachycardia and atrioventricular noda! tachycardia, 1 case). Moxaprindine 
was perfused intravenously at a dose of 0.15 (10 cases) or 0.2 mg/kg per 
min (9 cases) during 15 minutes. Moxaprindine lengthened the conduction 
time along the His-Purkinje system as well as the refractory periods of 
right atrial and ventricular muscle. Depressing effects on the atrioven- 
tricular node were also seen, especially at the arger dose. 

The effects of the drug on accessory pathways used in anterograde 
manner were measurable in three cases. Complete blockade along the 
bypass was seen in two and prolongation of the effective refractory period 
in the remaining one. After moxaprindine, five of six patients showed — 
retrograde blockade along the accessory pathway, whereas the last 
subject had prolongation of the refractory period of the bypass used in 
a ventriculoatrial direction. _ 

Perfused intravenously during episodes of tachycardia (atrioventricular 
nodal tachycardia, eight cases; circus movement tachycardia using an 
accessory pathway, six cases; ventricular tachycardia, three cases), the 
drug interrupted the rhythm disorder in ail 17 instances. No tachycardia 
could be elicited after moxaprindine in 11 of the 19 patients. Among the 
six in whom sustained tachycardia couid still be initiated, five had received 
the smaller dose. 

it is concluded that moxaprincine is a potent antiarrhythmic agent 
whose long-term efficacy and toxicity in patients deserve further inves- 
tigation. 


Aprindine, an effective antiarrhythmic agent, °? is currently available 
throughout most of Europe and is undergoing review for approval for 
use in the United States. Agranulocytesis”° has recently been associated 
with chronic use of the drug. This complication is reversible if treatment 
is discontinued.°° 

Moxaprindine, a derivative of aprindine, which possesses antiar- 
rhythmic properties in the dog, was recently submitted for initial clinical 
experimentation. The first results are promising.“ This substance de- 
serves attention because its inhibitory effects on hematopoietic cells in 
culture are less than those of aprindine (Collard E, Lambert M, Deles- 
pesse G, Stryckmans P, unpublished data). Our study was designed to 
evaluate the acute electrophysiclogic effects of moxaprindine in 19 pa- 


(. 


+ 


tients with paroxysmal arrhythmias easily reproducible 
by programmed stimulation of the heart. 


Methods 


Nineteen patients (10 male and 9 female) with reentrant 
tachyarrhythmias were studied. They ranged in age from 16 


-= to 55 years (mean + standard error of the mean 42.2 + 12.9 


= years). They were referred to the laboratory for determination 
-cof optimal pharmacologic oral therapy by electrophysiologic 
testing. All patients had documented episodes of paroxysmal 
tachycardia (Table I). In 8 patients (Cases 1 to 4 and 10 to 13) 
the electrophysiologic investigation revealed the signs of 
reentrant intranodal tachycardia diagnosed according to 
“previously described criteria.24 Five patients (Cases 9 and 14 
to-17) showed evidence of reentrant ventricular tachycardia. 
‘One of them (Case 14) also had intranodal tachycardia. 
Electrocardiographic evidence of the Wolff-Parkinson-White 
“syndrome was present, at least intermittently, in 5 patients 
“(Cases 5, 7, 8, 17 and 19) in whom.circus movement tachy- 
<: càrdia developed. In Patient 6, activity of the coronary sinus 
lead during tachycardia clearly preceded low right atrial ac- 
tivation, thus indicating the presence of a concealed left-sided 
bypass.””-25 Previous drug treatment is outlined in Table 
H. 
Electrophysiologic study: All patients gave informed 
consent. Cardioactive drugs were discontinued at least 72 
“hours before the procedure. Three catheters were passed 
through the right femoral vein using the Seldinger technique 
and positioned as previously described.*6 A fourth catheter 
was positioned either in the coronary sinus (when left-sided 
“-preexcitation was suspected) or in the right ventricular in- 
fundibulum (when paroxysmal! ventricular tachycardia was 
diagnosed). 

















TABLE 1 
Description of Study Patients 
Age (yr) 
Case & Sex Type of Arrhythmias 
A. Large Dose 
1 55M AVNT 
2 51F AVNT 
3 34F AVNT 
4 55M AVNT 
5 ATF intermittent right-sided 
accessory pathway 
6 57F Concealed left-sided 
accessory pathway 
7 16M WPW type A 
8 21M WPW type A 
9 52M Paroxysmal VT 
B. Smal! Dose 
10 41F AVNT + flutter 
11 31F AVNT + flutter 
12 46M AVNT 
13 34M AVNT 
14 51M AVNT + paroxysmal VT 
15 52M Paroxysmal VT 
16 46F Paroxysmal VT 
17 46M Paroxysmal VT 
18 49F WPW type B 
19 18F WPW type B 





. AVNT = atrioventricular nodal tachycardia; VT = ventricular 
“tachycardia; WPW = Wolff-Parkinson-White syndrome. 
Large dose and small dose = 0.2 and 0.15 mg/kg per min of moxa- 


prindine, respectively. 


oe 
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With the use of the single test stimulus method during: 


atrial stimulation, the functional and effective refractory l 


periods of the right atrium and the atrioventricular node were- 


measured. Then, the right atrium was paced at increasing. 


rates up to the development of second degree atrioventricular 
block or to a maximal pacing rate of 250 beats/min. Thereaf- 
ter, with the single test stimulus method during right ven- 
tricular pacing, the pattern and effective refractory period of - 
the ventriculoatrial conduction as well as the functional and 
effective refractory periods of the right ventricle were deter- 
mined. Then, the right ventricle was paced at increasing rates 
either up to the occurrence of second degree ventriculoatrial 
block or up to a maximal pacing rate of 250 beats/min, For 
simplicity, only data derived at one cycle length will be pre- 
sented. 

Multiple premature stimuli and rapid pacing at different 
cycle lengths. were used in an attempt to initiate reentrant 
tachycardia when single stimuli failed to do so. Definition of 
conduction intervals and refractory periods, as used here, has 
previously been described.?® 

The same measurements were repeated during the half. 


hour after the perfusion of moxaprindine, using identical © - 


basic cycle length and test stimulus intervals. The drug was- 
systematically administered. during a sustained episode of 


arrhythmia except in Patient 16 in whom ventricular tachy- 
cardia was poorly tolerated and in Patient 11 in whom atrie- 


ventricular nodal tachycardia was never sustained before drug’ > 
administration. In nine patients (Cases 1 to 9), moxaprindine - 
was perfused at a dose of 0.2 mg/kg per min during 15 minutes 
(large dose) and in the others at a dose of 0.15 mg/kg per min 
during the same period (small dose). 


TABLE il 
Previous Drug Treatment in 19 Patients 





Case Drugs Previously Used (alone or in combination) 





Propranolol, 80 mg daily: verapamil, 120 mg daily 

Quinidine bisulfate, 1,000 mg daily; disopyramide, 600 
mg daily; aprindine, 100 mg daily 

Disopyramide, 900 mg daily; deacety!-lanatoside C, 
0.50 mg daily; 

Propranolol, 60 mg daily 

Propranolol, 120.mg daily; verapamil, 80 mg daily; 
disopyramide, 600 mg daily 

Amiodarone loading dose: 600 mg for 1. week; 
maintenance dose 150 mg daily 3 weeks per month 

Quinidine bisulfate, 1,000 mg daily: disopyramide, 600 
mg daily; propranolol, 120 mg daily 

Disopyramide, 900 mg daily: verapamil, 160 mg daily 

Tocainide, 800 mg daily; mexiletine, 400 mg daily 

Propranolol, 40 mg daily; disopyramide, 600 mg daily; 
aprindine, 100 mg daily 

Quinidine bisulfate, 1, 000 mg daily; propranolol, 60 
mg daily 

Propranolol, 100 mg daily; deacetyl-lanatoside C, 0.25 
mg daily 

Verapamil, 120 mg daily; disopyramide, 300 mg daily 

Propranolol, 120 mg daily; mexiletine, 800 mg daily; 
tocainide, 800 mg daily; aprindine, 200 mg daily; 
deacetyl-ianatoside, 0.75 mg daily; procainamide, 
4,000 mg daily 

15 Tocainide, 800 mg daily; mexiletine, 400 mg daily; 

aprindine, 200 mg daily 

16 Aprindine, 100 mg daily 

17 Mexiletine, 400 mg daily 

18 Verapamil, 120 mg daily; propranolol, 60 mg daily 

19 Quinidine bisulfate, 1000 mg daily; disopyramide, 600 

mg daily; aprindine, 100 mg daily 
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No data on patient compliance are available; treatments- were n, 
changed because of poor tolerance or unresponsiveness. : 
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The position of the catheters remained . unchanged 
throughout the procedure. All data obtained were recorded 
on tape (HP 8868 A recorder) and directly registered on an 
eight channel Elema recorder. Leads I, HI, Vi, Ve, and intra- 

„cavitary right atrial lead, the His bundle lead and left atrial 

lead, when available, were simultaneously recorded. Stimuli 

.. were delivered by a programmable stimulator (JSISU 2— 
danssen, Beerse; Belgium). 

Plasma levels öf moxaprindine were determined by gas 


= chromatography according to a method very similar to that 


used for the assay of aprindine.”™ 


Results 
Electrophysiologic Effects 


For descriptive purposes, a distinction will be made 

_ between the patients who received a larger dose (0.2 

“mg/kg per min) or.a smaller dose (0.15 mg/kg per min) 
of moxaprindine. 

Effeets of moxaprindine on basic electrophysi- 

ologie measurements: The mean spontaneous cycle 


È length was unchanged after administration of the drug. 
o The A-H interval increased (mean + standard error of 


the mean) from 77 + 22 to 114 + 34 ms (p <0.001) in the 
-patients who received the large dose. It also increased 
in all but one patient receiving the small dose (from 89 
+23 to 104 + 25 ms). Because of the longer refractory 
period of the right atrium, the effective refractory period 


of the atrioventricular node could usually not be mea- 
sured with accuracy. It could be assessed in three pa- 
tients receiving the larger dese and lengthened in all 
three (Patient 1, +10 ms; Patient 4, +70 ms; Patient 8, 
+20 ms). The functional refractory period of the node, 
measurable in seven of nine subjects treated with 0.2 
mg/kg per min, lengthened from 386 + 54 to 439 + 36 
ms (p <0.05). Inconsistent changes were observed at the 
dose of 0.15 mg/kg per min. The atrial pacing cycle 
length required to produce second degree atrioven- 
tricular block lengthened in all but one patient receiving 
the larger dose (mean variation for the whole group from 
287 + 44 to 400 + 51 ms: p <0.001); it also increased in 
duration in 8 of the 10 patients receiving the small dose 
(mean variation for the whole group from 312 + 74 to 
469 + 67 ms; not significant). 

The His-Purkinje conduction time (H-V interval) 
increased significantly from 41 + 9 to 54 + 10 ms (p 
<0.001).in the smaller dose group and from 38 + 6 to 62 
+ 17 ms {p <0.901) in the larger group. 

After moxaprindine, the effective refractory period 
of the right bundle branch was reached in Patients 9 and 
16, whereas the effective refractory period of the left 
bundle was reached in Patient 4. 

All but one patient showed ventriculoatrial con- 
duction during ventricular pacing. Retrograde con- 


TABLE ill 





Effects on Tachycardia CL and Initiation 














Cycle Length (ms) Mode of Initiation 
Type of De Pe ye eS = 
Case Arrhythmia Effect of Injection B A B A 
to AVNT Stopped; retrograde block 310 ee 1APC 
2 ANNT topped; anterograde block 305 Kop 2 APC wees 
3. AVNT Stopped; retrograde block 270 370 2 APC. 2 APC 
4 AVNT Stopped; R-R interval lengthening 280 Sate 2 APC eer 
+ 2-spontaneous APB 
5 CMT Stopped;. block along bypass 300 ee 7 APC 
6 CMT Stopped: block along bypass 290 nas 1 hae 
7 CMT ` Stopped: block along bypass 270 Pk 2 VPC 
& CMT Stopped; block along bypass 306 ei 1 VPC: 1 APC ee 
9 VT Stopped 150 250 unsust 4 VPC 4 VPC 
10 AVNT + flutter Stopped; retrograde block 290 ses 2 APC aed 
11 -AVNT. + flutter Stopped Unsust 330 sust 2 APC Rapid at pac 
12.. AVNT Stopped; retrograde block Fast-slow unsust 28 1 APC 1 VPC PE 
siow-fast sust 
360 
43 AVNT Stopped; retrograde block 280 2 APC 2 VPC 
Rapid at pac 
14. AVNT, Stopped; retrograde block 550 ee 1,2,3 VPC Lee 
VT Cardioversion 230 330 1 or 2 VPC 1 VPC 
15 VF Stopped 240° Unsust 3 VPC 3 VPC 
280 2 VPC 
16. VT injection during SR 230 sust 280 sust 2. VPC 3 VPC 
17 NT Stopped 420 §50 3.VPC 2 VPC 
18. CMT Stopped; block-along bypass 310 400 unsust 1. APC.1-VPC 1 APC 
19 CMT Stopped; block along bypass 400 450 2 VPC TAPC 
f Rapic ventricular 
pacing 





A = after drug administration; APC = atrial premature complex; at pac = atrial pacing; AVNT = atrioventricular nodal tachycardia; B = before 
drug administration; CMT = circus movement tachycardia; SR = sinus rhythm; sust= sustained; unsust = unsustained; VPC = ventricular premature 
complex; VT = ventricular tachycardia. 

* Two different morphologies and cycle length. 


a 
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duction occurred over the atrioventricular node in 14 
patients. Moxaprindine abolished ventriculoatrial 
conduction in seven of these patients (four of the larger 
dose group; three of the smaller dose group) and con- 
siderably lengthened the effective refractory period of 
the ventriculoatrial conduction system in three who had 
received the smaller dose (increase greater than 70 ms 
in Case 10, 190 ms in Case 13 and 220 ms in Case 15). 
The results obtained in the five patients in whom ven- 
triculoatrial conduction occurred along a bypass will be 
discussed in the following paragraph. 

The effective refractory period of the right atrium 
increased from 220 + 38 to 299 + 34 ms (p <0.001) after 
administration of the larger dose of moxaprindine, and 
from 211 + 31 to 251 + 43 ms (p <0.001) after the 
smaller dose. Likewise, moxaprindine increased the 
effective refractory period of the right ventricle from 234 
+ 19 to 274 + 26 ms (p <0.001) in the larger dose group 
and from 224 + 24 to 257 + 27 ms (p <0.001) in the 
smaller dose group. 

No attempt was made to measure the actual 
threshold for cardiac pacing. Nonetheless, it was noted 
that before drug administration, the pacing stimuli 
measured 0.8 ms in duration and 400 mA in intensity 
(+1.5 X threshold values). At small doses of moxa- 
prindine, no change in stimulus characteristics was 
needed to obtain proper responses. At larger doses, it 


FIGURE 1A. Case 1. Atrioventricular nodal 
reentrant tachycardia with a cycle length of 310 
ms (paper speed, 100 mm/s). 


FIGURE 1B. Case 1. Four minutes after the start 
of moxaprindine perfusion (0.2 mg/kg per min), 
the tachycardia cycle length is prolonged (400 ms) 
and complete right bundle branch block develops. 
Sinus rhythm is restored by blockade along the 
fast retrograde pathway (paper speed, 50 mm/s). 
In this figure and in Figures 2 and 3, |, Ill, V and Ve, 
are standard electrocardiographic leads; CS and 
CS, are coronary sinus electrograms; HRA = high 
right atrial electrogram; and HBE = his bundle 
electrogram. 


ait 


ELECTROPHYSIOLOGIC STUDY OF MOXAPRINDINE—WALEFFE ET AL. 


was necessary to use a stimulus of longer duration and 
higher intensity. The stimulus characteristics (+1.5 X _ 
threshold values) became 2 ms in duration and 900 mA 
in intensity. 

Effects on accessory pathways: The effects of 
moxaprindine on the anterograde effective refractory 
period of accessory pathways could be assessed in Pa- 
tients 7, 18 and 19. In Cases 7 and 19, preexcitation 
disappeared after drug administration; in Case 18, the 
effective refractory period of the accessory pathway 
increased from 280 to 320 ms. The effective refractory 
period of the bypass used in retrograde direction could 
be measured only in Patient 19; it lengthened from 300 
to 480 ms. In the five other cases, a complete ventricu- 
loatrial block occurred after drug administration along 
both the nodal axis and the accessory pathway. 


Effects of Moxaprindine on Reentrant Tachycardias 
(Table Ill) 


Atrioventricular nodal tachycardia (Fig. 1): 
Moxaprindine was injected during an episode of sus- 
tained atrioventricular nodal tachycardia in eight pa- 
tients (four receiving the larger dose [Cases 1 to 4] and 
four receiving the smaller dose [Cases 10 and 12 to 14]). 
In every case, the tachycardia cycle length first in- 
creased considerably and then tachycardia stopped by 
blockade of either the fast retrograde pathway (Cases 
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FIGURE 2A. Case 19. Patient with a right-sided 
accessory pathway. During right atrial pacing at 
a-cycle length of 400 ms and with a coupling in- 
terval of 280 ms, the effective refractory period 
of the bypass is reached and circus movement 
tachycardia is initiated (paper speed, 100 mm/s). 


FAGURE 2B. Case 19. Six minutes after beginning 
the perfusion by moxaprindine (0.15 mg/kg per 
rain), the tachycardia cycle length increases from 
330 to 480 ms. Sinus rhythm is restored by 
biockade along the accessory pathway (paper 
speed, 50 mm/s). 


FIGURE 3A. Case 18. Initiation of ventricular 
tachycardia by introduction of 3 ventricular pre- 
mature depolarizations during ventricular pacing 
ai a cycle length of 400 ms (paper speed 100 
mm/s). 


FIGURE 3B. Case 18. Eight minutes after initiation 
of moxaprindine perfusion (0.15 mg/kg per min), 
the tachycardia cycle length increases from 430 
te 600 ms and sinus rhythm is restored by sinus 
capture (paper speed, 50 mm/s). 


1,3, 10 and 12 to 14) or the slow anterograde pathway 
(Case 2). In Patient 4, the tachycardia also stopped after 
increase of cycle length and the occurrence of two 
spontaneous atrial premature beats. 
<- Atrioventricular nodal reentrant tachycardia could 
still bé initiated after drug administration in only one 
: patient (Case 3), but the tachycardia cycle length had 
-considerably increased (from 270 to 370 ms). In Patient 
11, only short episodes of atrioventricular nodal 
tachycardia could be elicited before drug administra- 
tion. After injection of the drug, sustained atrioven- 
‘tricular nodal tachycardia was started by rapid atrial 
“pacing. 
Circus movement tachycardia incorporating an 
accessory pathway (Fig. 2): In six patients (four re- 
_ceiving the larger dose [Cases 5 to 8] and two receiving 
the smaller dose [Cases 18 and 19], moxaprindine in- 
jected during a sustained episode of circus movement 
tachycardia, after initially lengthening the cardiac cycle 
length, resulted in interruption of the rhythm disorder 
by retrograde blockade along the bypass. In four pa- 
tients (Cases 5 to 8), no tachycardia could be initiated 
after drug administration. In one. patient (Case 18), 
tachycardia could still be elicited but was not sustained 
after moxaprindine. Finally, in Case 19, moxaprindine 
widened the echo zone. Initiation of tachycardia became 
possible with one single atrial premature beat, whereas 
two ventricular premature beats or rapid ventricular 
‘pacing had been necessary during the control study. 
However, the cycle length had considerably increased 
from 400 to 450 ms) after moxaprindine. 

Ventricular reentrant tachycardia (Fig. 3): In five 
patients (one receiving the larger dose [Case 9] and four 
receiving the smaller dose [Cases 14 to 17]), critically 

“timed ventricular premature stimuli started episodes 
of ventricular reentrant tachycardia during the control 
period. In Patients 14 and 16, the arrhythmia was poorly 
tolerated from the start: Both required cardioversion. 
In the three other patients, the drug was perfused dur- 
ing an episode of sustained, well tolerated ventricular 
tachycardia. It interrupted the rhythm disorder in all 
three. 

After drug administration, no sustained ventricular 
tachycardia could be elicited in Cases 9 and 15; in the 
three others (Cases 14, 16 and 17), ventricular tachy- 

‘cardia could still be started, but the cycle length of the 
tachycardia had increased, allowing a better toler- 
ance. 


Drug Plasma Leveis 


The peak drug plasma level measured at the end of 
injection ranged from 1.81 to 7.40 y/ml in the larger dose 
‘group and from 0.80 to 4.87 y/ml in the smaller dose 
group. The mean drug plasma concentrations measured 
-at the end of injection as well'as 15, 30 and 45 minutes 
later are indicated in Figure 4. There was no difference 
between plasma levels obtained in a subject who showed 
_no response to the drug compared with levels in patients 
who did show a drug response. 
.. Side effects: During this acute study, no side effects 
“were observed. Intravascular monitoring of blood 
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FIGURE 4. Mean plasma levels of moxaprindine (y/ml) observed after 
intravenous (IV) perfusion of the drug at the dose of 0.2 mg/kg per min. o- 
during 15 minutes (5 cases, larger dose) or 0.15 mg/kg per min during - 
15 minutes (10 cases, smaller dose). 8 





pressure was not performed, but blood pressure was 
repeatedly measured by sphygmomanometer. No sig- 
nificant pressure change was noted. 


Discussion 


Since 1972, several reports!-!9 have repeatedly 
stressed the value of aprindine for short- and long-term 
treatment. of refractory supraventricular as well as 
ventricular arrhythmias.'“!° Chronic use of the drug 
frequently produces tolerable side effects such as 
tremor. Unfortunately, recent reports indicate that 
agranulocytosis!* °° and cholestatic jaundice!® are also 
associated with prolonged aprindine administration. 
These observations prompted studies aimed at devel- 
oping molecules derived from aprindine that would 
maintain its antiarrhythmic properties but would be less 
toxic. Initial investigations?!.2? have shown that mox- 
aprindine is very efficient in its effect on ventricular 
ectopic activity both at rest and during exercise.?! 
Pharmacologic studies using cultured bone marrow cells 
indicate that moxaprindine is significantly less toxic on 
hematopoietic cells than aprindine itself (Collard E, 
Lambert M; Delespesse G, Stryckmans P, unpublished 
data). Our investigation was designed to evaluate the 
acute electrophysiologic effects of moxaprindine in 
patients with paroxysmal tachycardia easily reproduced 
in the laboratory by programmed electric stimulation 
of the heart. 

Electrophysiologic effects of moxaprindine: 
Moxaprindine lengthened the conduction time along 
the His-Purkinje system and prolonged the refractory 
periods of the right atrial and ventricular muscle, The 
drug also produced definite depressing effects on the 
atrioventricular node. Altogether, the results obtained 
with moxaprindine were quite comparable with those 
reported with aprindine itself.+ 18 The observed 
changes were also of the same order of magnitude. 

Moxaprindine produced a marked effect on acces- 
sory pathways used in an anterograde direction. This 
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effect was seen even in one patient (Case 7) who had a 
short refractory period of the accessory pathway (250 
ms) and in whom anterograde block developed along the 
bypass. The effects were even more conspicuous in a 
retrograde direction; indeed, in five of six cases, com- 
plete ventriculoatrial block along the accessory pathway 
followed the injection of moxaprindine. In the remain- 
ing patient, the refractory period of the bypass increased 
by 180 ms. These results deserve attention because the 
drug also suppressed ventriculoatrial conduction in half 
of the patients who, during the control period, showed 
ventriculoatrial conduction along the His nodal axis. 
This profound depressive effect on the transmission of 
impulses from the ventricular to the atrial level may be 
of greatest clinical interest to prevent ventricular ec- 
topic.complexes from initiating tachycardias incorpo- 
rating the normal or an accessory atrioventricular 
pathway in the reentrant circuit. 

Effects on tachycardia: The effects of moxaprin- 
dine on tachycardias were also remarkable. Perfused 
intravenously during episodes of tachycardia in 17 pa- 
tients, it interrupted the rhythm disorder in all in- 
stances. In addition, no tachycardia could be elicited 
after drug administration in 11 of 19 patients. In three 
of the remaining patients tachycardia could be triggered 
more sasily after moxaprindine. This paradoxic effect 
may at times be seen with almost all antiarrhythmic 
agents. In Case 19, initiation was most probably facili- 
tated by a slowing of transmission along the atrioven- 
tricular nodal His axis.2628-33 A similar mechanism, 
consisting of delayed conduction along a portion of the 
reentrant circuit, thus permitting another portion to be 
reached after the end of its refractory period, might 
similarly account for the paradoxic facilitation seen in 
Case 17. Finally, another form of paradoxic effect was 
observed in Patient 11, in whom sustained episodes of 


atrioventricular nodal tachycardia could be elicited only 
after drug administration. Some vagolytic effect, cor- 
responding te what is frecuently seen with antiar- 
rhythmic agents injected intravenously and illustrated 
in this case by shortening of the functional refractory 
period of the node and of the basic cycle length inducing 
second degree atrioventricular block, might explain the 
development of sustainec atrioventricular nodal 
tachycardia after drug perfusion. 

Studies after the acute administration of a drug have 
obvious limitations. Nonetheless, recent reports®+4! 
underline that favorable results obtained by intravenous 
perfusion of a drug can be extrapolated to long-term oral 
use.°4+-39 Therefore, moxaprindine appears to share the 
electrophysiologic properties of aprindine. Our findings, 
like those of others,”! indicate that it is a very potent 
antiarrhythmic agent. The slowing of conduction along 
the His-Purkinje system stresses the need for careful 
monitoring of the P-R interval when moxaprindine is 
used in patients with intraventricular conduction de- 
fects. However, in a recent report*? dealing with ap- 
rindine used -intravenously, several patients had se- 
verely impaired conduction but no block occurred after 
the drug. 

Chronic studies consisting of a meticulous scrutiny 
of all possible side effects are now required to establish 
the safety of mexaprindine in long-term oral treatment. 
The need for new molecules efficient for therapy of re- 
fractory arrhythmias amply justifies such studies. 
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Vasodilators produce beneficial acute hemodynamic effects in patients 
with congestive heart failure and are employed in long-term management. . 
Tolerance has developed with respect to the hemodynamic effects of 
prazosin in heart failure, whereas the long-term effects of nitrates are little 
known. Hemodynamic values were measured in 19 patients with chronic 
left heart failure before and 90 minutes after oral administration of 40 mg 
of isosorbide dinitrate. Patients were then randomly assigned in double- 
blind fashion to receive isosorbide dinitrate (9 patients) or placebo (10 
patients), 40 mg four times daily, for 3 months, after which hemodynamic 
values were measured again before and 90 minutes after administration 
of the test drug. Both groups of patients responded similarly with a sig- 
nificant decrease in pulmonary wedge and systemic arterial pressures 
after the first dose of nitrate. After 3 months of isosorbide dinitrate 
treatment the pulmonary wedge pressure was significantly below control 
values (—2.5 + 0.9 mm Hg [mean + standard error of the mean]; p <0.02) 
and decreased another 5.4 + 1.5 mm Hg after a dose of isosorbide dini- 
trate (p <0.01). In the placebo. group, pulmonary wedge pressure. at 3 
months was unchanged from. control values (—1.2 + 2.1 mm Hg) and 
failed to change significantly after another: dose. In the nitrate-treated 
group a dose of isosorbide dinitrate at 3 months also reduced mean sys- 
temic arterial pressure (—9.3 + 2.0 mm Hg; p <0.01) and systemic 
vascular resistance (—7.8 + 3.7 units; p <0.05). Thus, long-term: ad- 
ministration of isosorbide dinitrate is associated with sustained hemo- 
dynamic effects and hemodynamic responsiveness in patients with 
congestive heart failure. 


The use of vasedilators to reduce left ventricular outflow resistance has 
gained widespread interest as a method of managing congestive heart 
failure. Several studies!-4 have demonstrated marked hemodynamic 
improvement early after their administration to hospitalized patients 
with severe or refractory heart failure. Thus, their use has been logically 
extended to long-term treatment of congestive heart failure. 

The most widely used agents for long-term therapy have been nitrates, 
hydralazine and prazosin.5-!! The development of drug tolerance, as 
measured by lessening of hemodynamic effects, has been reported! 
during administration of prazosin to patients with congestive heart 
failure. Hydralazine is a well knewn vasodilator that has not been as- 
sociated with development of significant tolerance in hypertensive pa- 
tients; preliminary studies!* in patients with congestive heart failure have 
also shown continued responsiveness to hydralazine during long-term 
administration. The long-term hemodynamic effects of nitrates in 
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congestive heart failure have not been extensively 
studied, although the possibility of tolerance to these 
-agents developing during their use in treatment of an- 
gina pectoris has long been suggested.'+-!* Recent 
studies!” of long-term treatment of angina with iso- 
< sorbide dinitrate showed that neither tolerance to this 
-drug nor a cross-tolerance to nitroglycerin developed. 
However, other studies,!®-!® have suggested some tol- 
erance developing with respect to the venedilating ac- 
tion of nitrates, which may be their most important 
effect in congestive heart failure. The present study was 
therefore designed to evaluate the long-term hemody- 
namic effects of nitrates in patients with congestive 
“heart failure to determine whether the initial im- 
-provement is maintained over time and if acute re- 
`- sponsiveness persists. 


Methods 


Patients: Twenty-four patients with chronic congestive 
heart failure present for at least 3 months were selected for 
“ study. The diagnosis of congestive heart failure was estab- 
lished on clinical grounds by the presence of a ventricular 

_ gallop sound, jugular venous distension, pulmonary rales and 
otherwise unexplained peripheral edema. Radiologic evidence 
of pulmonary vascular congestion or cardiomegaly was also 
present.. The cause of congestive heart failure was either 
ischemic or primary cardiomyopathy. The diagnosis of isch- 
emic cardiomyopathy was based on a previous, documented 
acute myocardial infarction or on coronary. angiographic 
demonstration of significant coronary arterial occlusive dis- 
ease. The diagnosis of primary myocardial disease was es- 
tablished when no other cause of congestive heart failure could 
be demonstrated. Patients were excluded if they had had a 
myocardial infarction within the past 4 months-or had a his- 
tory of angina pectoris requiring nitrate administration, pri- 
mary valvular heart disease or primary lung disease. In pa- 
tients meeting the foregoing criteria, written informed consent 
was obtained before their entry into the protoccl, which had 
been reviewed and approved by the Subcommittee on Human 
Studies of this institution. 

Hemodynamic measurements: Patients were brought to 
the laboratory where Swan-Ganz catheterization was per- 
formed for measurement of pulmonary arterial pressures; 
heart rate and rhythm were monitored from a standard elec- 
trocardiogram and blood pressure was measured with the 
standard cuff technique. Cardiac output was measured non- 
invasively by the carbon dioxide rebreathing method, an in- 
direct Fick procedure that we have previously described and 
validated in patients with congestive heart failure.2°?! Pul- 
monary wedge pressure was taken as the occluded pulmonary 
arterial pressure or the pulmonary arterial diastclic pressure. 
In any given patient the same ‘pressure measure was used 
throughout all studies because these pressures were not in- 
terchanged. Pressures were measured using a Bel! and Howell 
transducer positioned at the mid axillary line with the patient 
supine. Pressure tracings were displayed on a Mechanics for 
Electronics direct writing recorder. 

Protocol: On day 1 of the study, after control hemodynamic 
measurements were obtained with the patients supine and at 
rest, isosorbide dinitrate, 40 mg orally , was administered. 
Measurements were repeated 90 minutes later. All patients 
received active drug on day 1 to assure that all responded to 
this agent. Upon completion of these studies on day 1 patients 
were then randomly assigned in double-blind fashion to re- 
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ceive isosorbide dinitrate, 40 mg (two tablets) four times daily, 
or identical-appearing placebo tablets, two tablets four times 
daily. Patients were maintained on this regimen for 3 months 
and were seen at monthly intervals in the clinic. During the 
3 month follow-up period the dosages of digitalis and the test 
drug were kept constant, whereas diuretic dosage was adjusted 
as needed. At the end of 3 months patients were instructed to 
withhold their diuretic drugs for 24 hours befor 
the laboratory early in the morning. On their 
laboratory all medications, except for the test < rug ar 
uretic agent, were given, after which Swan-Ganz cathete 
ization was performed again and all measurements were r 


peated as on day 1. The patients were then given theircoded 


test drug and measurements were repeated 90 minutes 
later. ; 


of 24 patients, 12 were assigned to each treatment regimen. 


Three of those assigned to receive isosorbide dinitrate failed — 


to complete the 3 month follow-up study. One patient with 


primary myocardial disease, who had been doing well, died : 


suddenly after 2 months. One patient refused to continue in - 
the study because of persistent symptoms of congestive heart 


failure and one other patient had a nonfatal stroke after 2 


months. Of the 12 patients assigned to receive placebo, two. 


failed to complete the 3 month trial. One patient with ischemic i 


heart disease died suddenly at home 10 days after randomi- 


zation and one other patient refused to continue in the study“ © : 


because of persistent symptoms of heart failure after 6 weeks. 
Thus, of this initial population, 19 completed the trial; 10 were 
assigned to the placebo and 9 to the isosorbide dinitrate group. 


TABLE i 


Clinical Characteristics of Patients With Congestive Heart 
Failure Before Random Assignment to Receive Isosorbide 
Dinitrate or Placebo 




















Age Clinical Cardiothoracic 
Case (yr) Diagnosis Class* Ratio (%) 
Isosorbide Dinitrate 

1 61 IHD H 50 

2 56 IHD H 44 

3 63 PMD H 59 

4 58 IHD H 58 

5 55 PMD li 63 

6 53 IHD H 80 

7 46 PMD iH 57 

8 70 IHD IV 61 

9 52 PMD Hi 52 
Mean 57.1 56.0 
SEM +2.3 42.0 

Placebo 

10 50 IHD it 54 
1 61 IHD Hl 56 
12 54 IHD H 60 
13 68 IHD iH 61 
14 62 IHD H 52 
15 63 PMD ii 61 
16 62 IHD IV 59 
17 49 PMD Iv 60 
18 64 PMD H 55 
19 55 IHD ii 57 
Mean 58.8 57.5 
SEM +2.0 £10 





* According to criteria of the New York Heart Association.” 
IHD = ischemic heart disease; PMD = primary myocardial disease; 
SEM = standard error of the mean. 


March 1980 The American Journal of CARDIOLOGY Volume 45 649 










Randomization and follow-up study: Of the initial group S 








TABLE Il = : 
Hemodynamic Responses to First Dose of Isosorbide Dinitrate in Patients With Congestive Heart Failure 









































Mean Arterial Pressure Pulmonary Wedge: Cardiac index Systemic Vascular 

Heart Rate (beats/min) (mm Hg) Pressure (mm Hg) - (L/min per m°) Resistance (units) 

Case Cc ISDN Cc {SDN c ISDN C ISDN C ISDN 

Isosorbide Dinitrate 

t 64 72 70 72 28 20 3.89 2.56 10 16 
2 80 $1 4105 93 9 8 1.87 2.38 31 22 
3 88 76 80 76 35 23 2.11 2.49 22 18 
4 96 &4 97 80 36 26 1.70 1.54 29 27 
& 79 &4 103 93 17 42 1.86 2.88 26 15 
€ 75 73 75 73 29 20 1.24 1.76 32 22 
7 97 $2 87 76 30 21 1.54 2.40 29 16 
E 75 75 104 109 26 17 2.52 1.81 24 35 
g 84 76 95 95 26 17 1.83 1.61 22 25 

Mean 82.0 80.3 90.7 85.2 26.2 18.2 2.06 2.16 250 218 

SEM +35 +2.5 +44.4 44.3 +2.8 +41.8 +0.26 +0.16 +2.2 +2.2 
p NS <0.05 <0.001 NS NS 

Placebo 

16 67 7 85 70 16 6 2.54 2.84 16 12 
1% 70 7 70 70 16 6 1.61 2.18 26 19 
12 90 83 89 79 33 21 1.54 161 29 25 
13 87 84 82 81 23 14 2.47 222 20 21 
14 95 92 87 77 17 9 2.32 2.61 20 15 
15 72 80 76 69 18 14 1.55 4.59 23 20 
18 100 52 89 80 32 22 151 1.55 34 30 
17 74 68 79 77 26 13 2.86 199 15 21 
13 80 105 100 89 16 10 1.63 1.58 29 28 
19 88 39 94 78 38 23 3.02 2.42 18 18 

Mean 82:3 84.3 85.1 77.0 23.6 13.7 2.11 2:06 23.0 20.9 

SEM +36 43.4 2.8 +4.93 +2.6 +2.14 +0.19 +0.15 +20 +48 

p NS <0.01 <0.004 “NS NS- 








C= control; ISDN = isosorbide dinitrate; NS = not significant; p = probability; SEM = standard error of the mean. 


TABLE Ili 








a : : Hemodynamic Effects of Long-Term Isosorbide Dinitrate Administration in Patients With Congestive Heart Failure 
Changes From Control Hemodynamics = = 





Heart Rate Mean Arterial Pulmonary Wedge Cardiac Index Systemic Vascular 





























Case (beats/min) Pressure {mm Hg) Pressure (mm Hg) (L/min per m*) Resistance (units) 
lsosorbide Dinitrate 

1 4 1 -5 —1.78 8 

2 —12 & 0 0.62 24 

3 12 18 —6 0.38 4 

4 —20 7 —6 0.068 4 

5 9 -5 -3 1.48 ~12 

6 1 (i —2 0.05 -1t 

7 —13 10 0 0.46 -5 

8 —9 13 -2 0.18 2 

9 i 24 & 1 0.08 1 
Mean ~0.4 &4 ~2.5 0.02 2.4 
SEM 44.7 +23 +09 +£0.29 +3.33 
p NS <05 <0.02 NS NS 

Placebo 

10 25 & 4 oti 0 
11 25 47 10 0.23... 2 
12 10 -2 —ł 0.18 6 
13 =§ -f -8 =0.92 7 
14 =$ 4 —7 0.80 -5 
15 -4 & —2 0.145 —ł 
16 ~8 é 3 0.08 ~4 
17 = —t —113 0.22 t 
18 16 2 ~=ł —=0.16 8 
19 20 22 3 =2.05 49 
Mean 6.9 €.2 1.2 0.18 6.6 
SEM £44 +£2.6 £2.14 +0.25 +4.9 
p NS <6.06 NS NS NS 








Measured before drug administration, after 3 months ef treatment (compared with control data of Table il). F 
NS = not significant; p = probability; SEM = standard error of the mean. 
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The remainder of this report will deal primarily with the he- 
modynamic responses in these 19 patients. 

Statisties: Calculated variables included mean arterial 
pressure, which was calculated as the diastolic arterial pres- 
sure plus one third of the pulse pressure. Systemic vascular 
resistance was calculated as mean arterial pressure (in mm 

Hg) divided by cardiac output (in liters/min) and expressed 
_ in units. Statistical analysis was performed employing Stu- 
dent’s t test. 


Results 


Clinical groups: The clinical characteristics of pa- 
tients before random assignment to receive isosorbide 
dinitrate or placebo are shown in Table I. There were 
no significant differences between the groups in age, 
severity of congestive heart failure, cardiothoracic ratio 
or etiology of heart disease. All patients were receiving 
prior treatment with digitalis and diuretic drugs. Among 
those patients ultimately randomized to isosorbide di- 
< nitrate therapy, two had previously been taking vaso- 
‘ dilators for heart failure, whereas in the placebo group 

three patients had been receiving prior vasodilator 
therapy. A systolic murmur consistent with relative 
mitral insufficiency was present in six of the placebo- 
treated patients and in five of the nitrate-treated 
group. 

Hemodynamic responses to the first dose of iso- 
sorbide dinitrate in all patients (Table IH): Pulmo- 
nary wedge pressure and mean arterial pressure de- 
creased significantly and similarly in both patient 
groups. Heart rate, cardiac index and systemic vascular 
resistance were not significantly different after nitrate 
administration. Although cardiac index failed to in- 
crease significantly in the total group, some of these 
patients had a control index greater than 2.5 liters/min 
per m°; in 10 of the 13 patients with a control index 
below 2.5, cardiac index increased as expected.!9 The 
acute hemodynamic responses thus demonstrated that 
both groups of patients responded similarly to nitrate 
administration. 

Hemodynamic changes present after 3 months of 
treatment with isosorbide dinitrate or placebo 
compared with prerandomization control values 
(Table HI): These measurements were made early in 
the morning befcre administration of the test drug, and 
the last previous dose of test drug was given at bedtime 
the night before. Thus, the measurements reported 
represent observations made at least 8 hours from the 
last previous dose of medication. This time period ex- 

-ceeds the known duration of action of single doses of 
isosorbide dinitrate. Despite these considerations 
pulmonary capillary wedge pressure was still signifi- 
cantly, although only mildly, reduced in those patients 
who had been taking isosorbide dinitrate for 3 months. 
The pulmonary wedge pressure in the placebo-treated 
patients was not significantly different at 3 months from 
the control value. The mean arterial blood pressure in 
both groups was significantly higher at 3 months. All 
other hemodynamic variables were unchanged. Thus, 
the nitrate-treated group continued to show reduced 
pulmonary wedge pressure after 3 months of therapy, 
whereas no changes could be demonstrated in the pla- 
cebo-treated group. i 


. 
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FIGURE 1. Effect of long-term administration of isosorbide dinitrate orn : ue 


pulmonary wedge pressure in patients with congestive heart faile. 
Heavy bars represent mean and standard error of the mean. >= p: 
<0.02 compared with control value; *** = p <0.01 compared with 
value before drug administration. 


A new dose of test drug given at 3 months produced. : 


a significant reduction in pulmonary wedge pressure in _ : 
the patients receiving isosorbide dinitrate (Fig. 1). In =. 


these patients a single dose of nitrate after 3 months of 
treatment still reduced wedge pressure by 5.4 1.5mm 
Hg (p <0.01). In the placebo-treated group there was 
an insignificant change in wedge pressure after ad- 
ministration of placebo at 3 months. Mean arterial 
pressure also decreased significantly after nitrate ad- 
ministration at 3 months by 9.3 + 2.0 mm Hg (p <0.01) 
(Fig. 2); after placebo at 3 months there was no change 
in the mean arterial pressure. Cardiac index also rese 
slightly but not significantly after nitrate administration 
at 3 months, whereas it was unchanged by placebo. 
Systemic vascular resistance decreased significantly 
after nitrate administration at 3 months, but not after 
placebo (Fig. 2). Thus, single doses of nitrate still pro- 
duced significant hemodynamic effects in patients who 
had taken nitrates for 3 months. 

Role of diuretic drugs: Because the administration 
of diuretic drugs was adjusted during the 3 month fol- 
low-up period, it is possible that changes in diuretic 
dosage could have affected the pulmonary wedge 
pressure. Therefore data were analyzed separately for 
those patients whose diuretic dosage was changed. In 
the group treated with isosorbide dinitrate, the diuretic 
dosage was increased in four patients during the 3 
month period and unchanged in the other five. In those 
whose diuretic dosage was increased, pulmonary wedge 
pressure after 3 months of treatment was reduced by 2.5 
+ 1.3 mm Hg, which was not significantly different from 
the —5.3 + 1.9 mm Hg change in those patients whose 
diuretic dosage was unchanged. Likewise a single dose 
of nitrate at that point reduced pulmonary wedge 
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FIGURE 2. Hemodynamic effects of long-term administration of iso- 
sorbide dinitrate in patients with congestive heart failure. Mean values 
and standard error-of the mean are plotted. * = p <0.05 and *** =p 
<0.001, both compared with value before drug administration. 


pressure by 2.6 + 1.4 mm Hg in the group whose diuretic 
dosage was increased and by 5.4 + 3.1 mm Hg in the 
group whose dosage was kept constant. This difference 
was also not significant. Similarly, in the placebo- 
treated group the changes in pulmonary wedge pressure 
at 3 months before and after drug administration were 
not significantly different in patients whose diuretic 
dosage was increased as compared with those whose 


-. diuretic dosage was kept constant. Thus, changes in 


diuretic dosage do not appear to explain the reduction 
in pulmonary wedge pressure observed after 3 months 
of nitrate therapy. 

Morbidity and mortality: Although hemodynamic 
improvement and responsiveness to medication were 
maintained after 3 months of nitrate therapy, nitrate 
treatment had no significant effects on morbidity or 
mortality in this group of patients (Table IV). The 
number of deaths and morbid events was the same in 

_ the two groups of patients during the 3 month follow-up 
period. It should be noted that the data of Table IV 


TABLE IV 


: <: Effects.of Long-Term Isosorbide Dinitrate Administration on 
Morbidity in Patients With Congestive Heart Failure 








Isosorbide 
Dinitrate Placebo 
Number of patients 12 12 
Average: follow-up (wk) 11.3 10.7 
-- Total patient-weeks of treatment 136 128 
Morbid events 
Death 1 1 
Hospitalization 
More severe heart failure 3 2 
Cerebrovascular accident 1 0 
increased diuretic requirement 3 3 
Symptomatic: worsening 0 1 
Total events 8 7 





include those from the five patients who did not com- 
plete the 3 month trial because of significant morbidity. 
If these patients are excluded, there were stil! no dif- 
ferences among the 19 patients who completed the 3 
month trial: five morbid events occurred in each of the 
treatment groups. Thus, hemodynamic improvement 
in this group of patients was not associated with de- 
creased morbidity. 


Discussion 


Several vasodilators, including the nitrates, improve 
hemodynamics in patients with congestive heart failure 
by decreasing left ventricular and pulmonary arterial 
pressures and by raising cardiac output.*!9 The acute 
effects of vasodilators are often so striking that this form 
of therapy is frequently used in the hospital to treat 
patients with severe or refractory congestive heart 
failure.22-29 The frequent success of such short-term 
vasodilator therapy has logically led to an interest in its 
use in the long-term management of chronic congestive 
heart failure! Whether the immediate hemodynamic 
effects of vasodilator drugs can be sustained ever the 
long term has received some attention in recent years. 
The alpha blocking vasodilator agent prazosin produces 
the characteristic vasodilator-induced hemocynamic 
improvement in patients with congestive heart failure.” 
However, it has been shown that the hemodynamic ef- 
fects at rest of this drug are rapidly attenuated and that 
tolerance to the drug may develop as early as the third 
or fourth dose.!? Hydralazine is not subject to devel- 
opment of tolerance very readily when used to treat 
hypertension and preliminary data in patients with 
congestive heart failure suggest that an increased car- 
diac output in this situation is maintained. t? There is 
little information concerning the long-term hemody- 
namic effects of nitrates in patients with congestive 
heart failure. 

Development of tolerance to nitrates: The possi- 
bility that tolerance may develop to nitrates during their 
long-term use was noted as early as the 19th century! 
and continues to be reported.!>-!? There is clinical evi- 
dence that some form of tolerance develops during ni- 
trate administration because the frequently observed 
vascular headaches that occur after nitrate adminis- 
tration often disappear after continued. use. of the 
drug.2® Munitions workers, who are chronically exposed 
to nitrates in their work environment, become tolerant 
to these same vascular headaches. If they are absent 
from work for a sufficient period of time and then 
reexposed to nitrates, they may experience striking 
symptoms, varying from severe vascular headaches to 
apisodes of angina and even sudden death." The 
problem of the development of tolerance to nitrates 
involves the development of not only tolerance. to a 
given nitrate but also cross-tolerance among nitrates, 
especially between long-acting nitrates and nitroglyc- 
erin. Schelling and Lasagna! reported development of 
eross-tolerance to sublingual nitroglycerin after 1 week 
ef administration of pentaerythrol tetranitrate in nor- 
mal subjects. In their study the decrease in systolic 
blood pressure that occurred after administration of 
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sublingual nitroglycerin was significantly attenuated 
after treatment with the long-acting nitrate. 

In an-attempt to explore the mechanism of this de- 
velopment of tolerance, Needleman and Johnson,”® 
using an in vitro model, showed that the vasodilatory 
--tesponses of vascular strips exposed to nitroglycerin 
- were attenuated in the presence of nitrates. They sug- 
gested that the tolerance was neither the result of in- 
creased biotransfermation of organic nitrates nor the 
result of increased sympathetic compensatory re- 
sponses, They suggested that biochemical alterations 
of the nitrate receptor site in vascular smooth muscle 
were present so that the critical sulfhydryl group in the 
receptor was transformed into a disulfide with much 
__ lower affinity for nitrates. Responsiveness of the in vitro 
model could be restored by reduction of the disulfide. 


< These same authors also showed that in vivo cross-tol- 


-© erance could be developed between the organic nitrates 
and nitroglycerin. Vascular strips from animals treated 
-with organic nitrates were less responsive to nitroglyc- 
erin-mediated vasodilation. Of the various nitrates they 
tested, isosorbide dinitrate was the least effective in 
producing cross-tolerance.?8 

inan effort to study nitrate effects more objectively 
in man, Zelis and Mason!® measured changes in blood 
flow and venous capacitance in the calf after nitro- 
glycerin administration before and after long-term 
therapy with large dose isosorbide dinitrate. They 
demonstrated continued increases in blood flow and 
decreases in systemic vascular resistance during long- 
term nitrate therapy. However, venous capacitance, 
which increased significantly after nitroglycerin ad- 
ministration prior to isosorbide dinitrate therapy, failed 
to change when nitroglycerin was given after chronic 
treatment with isosorbide dinitrate. They concluded 
that long-term administration of isosorbide dinitrate 
does induce cross-tolerance to nitroglycerin’s veno- 
dilating effect, but not to its arterial dilating action. In 
a recent study,!” nitrate cross-tolerance and self-toler- 
ance during long-term large-dose isosorbide dinitrate 
administration cid not develop in a group of patients 
with angina pectoris; their exercise capacity improved 
after nitroglycerin administration both before and after 
long-term isosorbide dinitrate therapy. Thus, it appears 
that the question of nitrate tolerance is not completely 
resolved. Some form of tolerance is manifested clinically 
by the disappearance of headache and perhaps by the 
attenuation of certain hemodynamic effects. 

Pulmonary capillary wedge versus arterial 
pressure as indicator of nitrate responsiveness: In 
our study in patients with congestive heart failure we 
utilized changes in pulmonary capillary wedge pressure 
as an indicator of responsiveness to nitrates. Acute re- 
sponsiveness to isosorbide dinitrate administration 
persisted unaltered after 3 months of treatment with 
large dose isosorbide dinitrate, which also still produced 
a decrease in arterial blood pressure after 3 months of 
treatment. Thus, tolerance to nitrates as shown by he- 
modynamic effects at rest does not develop during 
prolonged treatment in patients with congestive heart 
failure. We observed a greater increase in cardiac index 
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and greater decrease in systemic vascular resistance 
after acute nitrate administration after 3 months of 
treatment. This phenomenon is consistent with the 
previous observation!® that the effects of nitrates on 
veins may be mitigated during long-term therapy. If this 


occurred in our study the reduced venodilating effect = 


could have permitted a greater rise in cardiac output. 
A decrease in pulmonary wedge pressure need not 
necessarily reflect a venodilating action, but could alse. 


be due to a decrease in left ventricular outflow resistance - 
with concomitant reductions in end-systolic and end- 


diastolic volumes. A direct effect of the drug on pul- 
monary vessels is also possible. Furthermore, our data,. 
like those of Zelis and Mason,!® point out the impor- 
tance of selecting a proper index of drug effect. if one is 
to study tolerance. Measurement of arterial pressure 


may not be the most sensitive index because it is well. 
known that regulation of systemic arterial pressure is = 
extremely complex and various compensatory mecha- 


nisms are invoked in response to a sudden decrease in 
blood pressure. 

Continued responsiveness to nitrates versus 
clinical improvement: Despite demonstrating con- 


tinued responsiveness to the nitrates, we were unable 
to show any effect of this therapy on morbidity in these 


patients with heart failure. This finding is in contrast 
to our previous experience, in which a reduction in 
morbid events was found in patients with heart failure 
who were taking isosorbide dinitrate. However, the 
earlier study was a crossover trial, which involved fewer 
patients and in which the treatment period was only 8 
weeks. The patients entered in that series were generally 
more severely ill. Of course, neither the previous study 
nor the present one should be considered conclusive 
given the small numbers of patients and relatively short 
follow-up periods in both trials. We also noted in that 
earlier series an increase in exercise tolerance during 
prolonged nitrate therapy. In the present study exercise 
capacity was measured in 16 patients as part of another 
study to be reported in detail elsewhere. We have prè- 
liminarily noted increased exercise tolerance after 3 
months of therapy with isosorbide dinitrate in these 
patients.” 

Clinical implications: Our study shows that the 
hemodynamic effects of large dose isosorbide dinitrate 
are sustained and that tolerance to the drug does not 
develop during long-term administration in patients 
with congestive heart failure. Because similar findings 
have been preliminarily reported for hydralazine, 
whereas prazosin has been associated with the devel- 
opment of drug tolerance,*!? it is possible that the 
combination of hydralazine plus nitrate may be pref- 
erable to prazosin in the long-term therapy of congestive 
heart failure. However, the importance of tolerance 
should not be exaggerated since the assessment of ef- 
ficacy of these drugs has relied almost exclusively on 
measurement of hemodynamics at rest. It has recently 
been shown®® that the hemodynamic effects of prazosin 
are present during exercise, whereas apparent tolerance 
to the drug with respect to its hemodynamic effects 
could be demonstrated in the same patients at rest. 
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Furthermore the long-term administration of prazosin 
does improve cardiac performance, clinical status and 
exercise capacity in patients with heart failure.1%11 Our 
study further demonstrates that the persistent hemo- 
dynamic efficacy of vasodilator drugs in heart failure 
` should not be overemphasized since it may not correlate 
with clinical improvement in these patients. Indeed, it 
is net clearly established that either immediate re- 
sponsiveness to vasodilators or sustained hemodynamic 
effects of vasodilators predict clinical improvement in 
patients with congestive heart failure. This has impor- 


tant implications for future studies of vasodilators in 
chronic heart failure, which should emphasize effects 
on morbidity and mortality in large scale long-term 
controlled trials. 
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To evaluate the doses of hydralazine needed to obtain significant hemo- 
dynamic responses in severe chronic refractory heart failure, 45 con- 
secutive patients received incremental doses of the drug during invasive 
hemodynamic monitoring. Twenty-six patients (group A) responded to 
the oral administration of single doses of 100 mg of hydralazine, whereas | 


19 patients (42 percent) (group B) did not. Of the patients in group B, 14 : 
responded to 150 to 300 mg orally as a single dose, 3 patients required e 


a single dose of 600 or 800 mg orally and 2 patients responded only to : 
intravenous administration of the drug.. oe 

In spite of the different dosage requirements of hydralazine, the he a 
modynamic responses to effective doses were similar in the two groups. 
The control etiologic, pathophysiologic and hemodynamic variables were —__ 
similar in both groups, except that patients in group B had higher control = 
values for mean right atrial pressure (14.0 + 1.5 versus 9.2 + 1.3 mmHg; 
p <0.025) and left ventricular filing pressure (25.2 + 1.2 versus 21.7 + 
1.0 mm Hg; p <0.05) than patients in group A. Twenty-one of 29 patients 
(72 percent) with a control mean right atrial pressure of less than 14 mm — 
Hg responded to 100 mg of hydralazine, whereas this dose was effective 
in only 5 (31 percent) of 16 patients with a higher pressure value (p 
<0.02). 

In conclusion, the doses required for effective hydralazine therapy in... 
patients with severe heart failure are variable and are generally higher = 
than those utilized in hypertensive patients. This may be related to varying 
degrees of vascular hyporesponsiveness or drug malabsorption, or both, 
observed in states of high venous pressure. The failure of hydralazine to 
produce clinical improvement in an individual patient may therefore be 
due to the administration of subtherapeutic quantities of the drug. 


Hydralazine produces significant hemodynamic and clinical i improve- 
ment in many patients with severe chronic congestive heart failure. 
The drug reduces impedance to left ventricular outflow, thereby sub- 
stantially increasing cardiac output and stroke volume. With institution 
of maintenance therapy, dyspnea and fatigue diminish, and hemody- 
na and clinical benefits are sustained during long-term outpatient 
use?) 

Despite early favorable reports, more recent studies have indicated 
that the response to hydralazine therapy in patients with heart failure 
is variable.6-!© Whereas marked symptomatic improvement occurs in 
many patients,! others experience little objective clinical benefit®* and 
a significant number of patients manifest only minimal hemodynamic 
responses.?-!! Bécause previous studies have utilized fixed doses of the. 


drug, it is not known whether the limited response in some patients is 
due to the administration of insufficient quantities of the drug or tothe __ 
patients’ inability to respond favorably to the drug’s pharmacologic ef- 


fects. To resolve this question, we evaluated the hemodynamic effects 
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of progressively larger doses of hydralazine in patients 
with heart failure who failed to respond to conventional 
doses. 


Methods 


Patients: We evaluated 45 consecutive patients with severe 
chronic congestive heart failure refractory to optimal con- 
ventional therapy with digitalis and diuretic agents. All were 
in New York Heart Association functional class IV.!2 There 
were 34 men and 11 women with an age range of 39 to 89 years 
{mean 64). All patients had persistent dyspnea at rest or on 
minimal exertion and progressive fatigue or azotemia, or both, 
with increments in diuretic dosage. The cause of the heart 
failure was idiopathic cardiomyopathy in 15 patients, ischemic 
cardiomyopathy in 21 and advanced valve regurgitation of 
rheumatic origin in 6 (affecting the mitral valve in 3, the aortic 
valve in 2 and both valves in 1); 3 patients had had prosthetic 
valve replacement (of the mitral valve in 1 and both the aortic 
and mitral valves in the other 2). 

The diagnosis was based on clinical, electrocardiographic, 
echocardiographic and radioisotopic criteria and was con- 
firmed with cardiac catheterization studies in 22 patients. 
Eight patients had clinical or angiographic evidence of severe 
mitral regurgitation. The duration of heart failure ranged from 
2 to 8:years. Normal sinus rhythm was present in 35 patients, 
atrial fibrillation in 5 and ventricular pacemaker rhythm in 
5. Symptoms persisted despite therapeutic doses of digoxin 
and furosemide, the latter in daily doses of 80 to 400 mg. Six 
patients were evaluated after an empiric trial of oral hydral- 
azine (150 to 300 mg daily) had failed to produce clinical im- 
provement. 

All patients were studied during a period of relative clinical 
stability. No patient had sustained a myocardial infarction 
within 3 months or had an acute exacerbation of congestive 
heart failure within 7 days before evaluation. Maintenance 
therapy with prazosin or hydralazine was withheld for at least 
2 weeks before the present study. 

Hemodynamic measurements: After written informed 
consent was obtained from the patient, right heart catheter- 
ization was performed with a triple lumen flow-directed bal- 
loon-tipped catheter (Edwards or Instrumentation Labora- 
teries)through which measurements of right atrial, pulmonary 
arterial and pulmonary capillary wedge pressures were made. 
Arterial cannulas were inserted percutaneously or by cutdown 
procedure into the radial artery in 39 patients; in the other 6, 
systemic arterial pressure was measured using standard cuff 
methods. All measurements were made with zero reference 
level at the mid axillary line with the patient supine. Left 
ventricular filling pressure was measured as mean pulmonary 
capillary wedge pressure or as pulmonary arterial diastolic 
pressure after its identity with wedge pressure was established. 
Cardiac output (by the thermodilution method) was deter- 
mined in triplicate using a bedside cardiac computer (In- 
strumentation Laboratories) and iced injectate. Heart rate 
was derived from a continuously recorded electrocardio- 
gram. 

Before each dose of hydralazine was given, a stable control 
period was established and verified by repeated determina- 
tions of the following hemodynamic variables for a minimum 
of 3 hours with a variation ef less than 10 percent: mean ar- 
terial pressure, heart rate, mean pulmonary arterial pressure, 
left ventricular filling pressure, mean right atrial pressure and 
cardiac output. All variables were redetermined every 30 
minutes for 3 hours after each oral dose of hydralazine; and 
every 10 minutes for 30 to 40 minutes after each intravenous 


dose. A response to the drug was defined as a decrease in 
systemic vascular resistance greater than 20 percent from 
control values, the reduction persisting for at least 1 hour as 
assessed with three consecutive determinations. 

Drug administration: After all medications were withheld 
for 12 to 24 hours anc a stable control period was achieved, 
each patient received a single dose of 100 mg of hydralazine 
orally. If there was no response to this dose within 2 or 3 hours, 
the patient was given a dose of 159 to 200 mg orally. This 
second dose followed the initial dose by 18 to 24 hours, in 7 
patients and by only 2 to 3 hours in the remaining 12. If there 
was no significant hemodynamic response to the second dose, 
20 mg hydralazine was administered intravenously 2 to 3 hours 
later. In three patients who responded only to intravenous 
hydralazine single doses of 600 or 800 mg of the drug were 
administered oraily 24 hours later after all hemodynamic 
variables had returned to control values. Maintenance therapy 
was instituted in each patient with the dose of hydralazine 
determined to be effeetive by invasive monitoring. Clinical 
symptoms were carefully recorded in each case. 

Data analysis: Mean systemic and pulmonary arterial 
pressures were determined with electronic filtration; in pa- 
tients with indirectly measured systemic pressures, mean 
pressure was calculated as diastolic pressure plus one-third 
of the systolic minus the diastolic pressure. Derived hemo- 
dynamic variables were determined as follows: Cardiac index 
= cardiac output/body surface area (liters/min per m7); sys- 
temic vascular resistance = 80 X (mean arterial pressure — 
mean right atrial pressure)/cardiac output (dynes s cm™~®); and 
pulmonary vascular resistance = 80 X (mean pulmonary ar- 
terial pressure — left ventricular filling pressure/cardiac 
output (dynes s cm™~5). 

For each patient, the dose of hydralazine that produced a 
significant decrease in systemic vascular resistance was se- 
lected as the effective dose for that patient. All hemodynamic 
variables at the time of the maximal decrease in systemic 
vascular resistance were compared with the control values 
before administration of hydralazine utilizing the t test for 
paired data. The patients were then classified into two groups 
according to whether the effective dose of hydralazine was 100 
mg (group A) or greater (group B). This dose was chosen as 
the point of separation because it is the maximal single dose 
of hydralazine currently used in patients with heart failure.? 
The underlying etiologie, pathophysiologic and hemodynamic 
variables in patients in groups A and B were compared using 
the t test for independent variables and the chi square method 
with the Yates correction for continuity. The responses to 100 
mg of hydralazine were then evaluated in relation to the 
control value for mean right atrial pressure by analysis of 
variance utilizing the arc sine transformation for proportions! 
and the chi square method for 4 X 2 tables. 


Results 

Hemodynamie responses to effective doses of 
hydralazine (Table I): Twenty-six patients (group A) 
responded to the administration of the initial dose of 
100 mg of hydralazine; 19 patients (group B, 42 percent) 
did not. In group B, a second dose of 150 to 200 mg was 
effective in 14 patients; 7 of these received the second 
dose 24 hours after and 7 received it within 3 hours after 
the initial 100 mg dose. No significant hemodynamic 
effects could be demonstrated in five patients even with 
a cumulative dose of 300 mg orally over 2 to 3 hours; 
however, all five patients subsequently responded to 
intravenous injection of 20 mg of hydralazine. 
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TABLE! 


- Summary of Hemodynamic Changes With Effective Doses of Hydralazine in Groups A and B 








‘Cardiac index (L/min per m?) 


= Left ventricular 
filling pressure (mm Hg) 
_ Mean arterial 
pressure (mm Hg) 
:: Mean pulmonary 
: arterial pressure (mm Hg) 
-Mean right atrial 
: pressure (mm Hg) 
‘Heart rate 
{beats/min} 
> Systemic vascular 
resistance (dynes s cm~") 
Pulmonary vascular 
resistance (dynes s cm~") 


p <0.001 (peak hydralazine effect versus control. 
tp <0.05 (control group A versus control group B). 
p-<0.01 (peak hydralazine effect versus control). 
/p -<0.025 (control group A versus control group B). 

-&0.05 (peak hydralazine effect versus control). 
c = control; H = hydralazine. 
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In both groups of patients, effective doses of hydral- 

azine produced substantial. increases in cardiac index 
: and marked decreases in systemic vascular resistance 
associated with moderate reductions in left ventricular 
_ filling pressure and mean arterial pressure. Heart rate 
- increased slightly in both groups and there were no 
overall changes in mean right atrial pressure (Table 
I). 

The control cardiac index, mean arterial pressure, 
heart rate and systemic and pulmonary vascular resis- 
tances in groups A and B and the changes in these 
..vatiables produced by hydralazine in the two groups 
were similar. Groups A and B were not significantly 
different with respect to the number of patients with 
ischemic heart disease (9 in group A, 12 in group B) or 
the number of patients with evidence of severe mitral 
regurgitation (6 in group A, 2 in group B). 

Role of right atrial pressure and left ventricular 
filling pressure: Only two variables. differed signifi- 
cantly in groups A and B. Patients in group B had higher 
control values for mean right atrial pressure (14.0 + 1.5 
- versus 9.2 + 1.3 mm Hg; p <0.025) and left ventricular 
filling pressure (25.5 + 1.2 versus 21.7 + 1.0 mm Hg; p 
<0.05) than those of patients in group A (values ex- 
pressed as mean + standard error of the mean). Only 5 
(19 percent) of the 26 patients in group A had a mean 
right atrial pressure of 14 mm Hg or greater, compared 
with 11 (58 percent) of 19 patients in group B (p <0.02). 
The changes in mean right atrial and left ventricular 
filling pressures during hydralazine therapy in the two 
groups were similar. 

Figure 1 demonstrates that the higher the control 
mean right atrial pressure, the smaller was the decrease 
in systemic vascular resistance with 100 mg doses of 
hydralazine (linearity significant at p <0.025 by analysis 
of variance) and the fewer the number of patients who 


Patt 
. 


HYDRALAZINE IN HEART FAILURE--PACKER ET AL. 





| 
| 





Group A Group B 
1.94 + 0.10 1:79 + 0.09 
2.98 + 0.16* 2.84 + 6.18" 
21.7+ 1.0 25.2 4 1.2 
17.8 + 0.9* 21.54 1.2% 
79.2 + 2.0 83.9 + 3.4 
66.1 + 2.0° 73.3 +.3.2* 
36.1 + 1.4 39.8418 
33.0 + 1.7° 37.8 + 1.7 

9.24 1.3 14.04 1.5 
B74 14 147416 

84+3 88 + 4. 

88 t4 95 43) 
1807 + 100 1818 + 82 
977 + 62* 974 4 57* 
380 + 35 386 + 33 
266 + 29° 


280 + 27" 








responded to this dose (p <0.05 by chi square analysis). 


Twenty-one (72 percent) of 29 patients with a mean —__ 
right atrial pressure at less than 14mm Hg responded 
to 100. mg of hydralazine, compared with only 5 (31... 
percent) of 16 patients with a higher pressure value (p —__ 
<0.02). Five of the eight patients whose mean right 
atrial pressure was 5 mm Hg or less in the control period 
had a greater than 20 percent decrease in mean arterial 


pressure with the 100 mg dose of hydralazine; this de: 
crease was accompanied by dizziness in four of the five. 
Symptomatic hypotension did not recur in these four 
patients when the dose of hydralazine was reduced to 


%} SYSTEMIC VASCULAR RESISTANCE 





<6 613 I 20 >20 
MEAN RIGHT ATRIAL PRESSURE 
(mmHg) 


FIGURE 1. Relation between the contro! mean right atrial pressure and 
the percent decrease (% |) in systemic vascular resistance observed 
after the administration of single oral doses-of 100 mg of hydralazine 
in 45 patients. Data expressed as mean + standard error of the mean. 
The proportion of patients who responded to hydralazine at each level 
of mean right atrial pressure is shown within each bar. 
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75 mg. Of the 37 patients with a mean right atrial 
> pressure greater than 5 mm Hg, only 1 (with a mean 

right atrial pressure 9 mm Hg) had a greater than 20 
percent decrease in this pressure with the 100 mg dose; 
this decrease was accompanied by dizziness, which did 
not recur with a subsequent reduction in dosage to 75 
mg. 

Massive drug dosage: In three of the five patients 
who responded only to intravenous hydralazine therapy, 
an attempt was made to reproduce the effects of intra- 
venous administration by administering massive oral 
doses of the drug after hemodynamic variables had re- 
turned to control values. In one patient a single oral dose 


of 600 mg proved effective; although the hemodynamic 


< response was smaller than that observed after the 20 mg 

- intravenous dose. In the other two patients, the response 
to a single oral dose of 800 mg of hydralazine was similar 
to that observed after intravenous administration of the 
drug. Figure 2 illustrates the response in one of these 
two patients. No significant hemodynamic changes had 
been seen in either patient with oral isosorbide dinitrate 
(single doses of 100 to 200 mg in one patient and 80 mg 
in the other) despite rapid responses in both patients 
to 10 mg of isosorbide dinitrate administered sub- 

linguaily. 

: Maintenance therapy: In two patients hydralazine 
therapy was instituted with doses ranging from 75 to 800 
mg orally in 38 patients and 20 mg intravenously in 2 
patients, administered every 8 to 12 hours (Fig. 3, top). 
Daily doses, therefore, ranged from 150 to 2,400 mg 
daily orally and 60 mg daily intravenously (Fig. 3, bot- 
tom). After 1 week of maintenance therapy, four of the 
six patients who had failed to benefit from small em- 
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FIGURE 2. Graph showing no significant hemodynamic effects in a 62 
year oid man after the administration of a cumulative oral (PO) dose of 
300 mg of hydralazine during a 3 hour period. However, marked re- 
sponses were observed after the administration of 20 mg intravenously 
(IV). This response was reproduced 24 hours later under similar pre- 
treatment conditions by the administration of a single dose of 800 mg 
orally. Each interval on the time scale represents 30 minutes. CI = 
cardiac index; LVFP = left ventricular filling pressure; MAP = mean 
arterial pressure; SVR = systemic vascular resistarice. 


pirically determined doses of the drug manifested sus- 
tained improvement with the larger doses determined 
by invasive testing. Headaches were observed in 12 
patients (5 in group A and 7 in group B), but were gen- 
erally mild and subsided in all cases despite continued 
administration of the drug. Symptomatic hypotension 
was observed in five patients (all in group A), as outlined 
earlier. Within 7 days of institution of therapy, ad- 
ministration of the drug was discontinued in three pa- 
tients in group A (because of episodes of ischemic chest 
pain in one, severe nausea and vomiting in the second 
and hypotension and tachycardia in the third) and in 
three patients in group B (because of hypotension and 
tachycardia in one and severe nausea and vomiting in 
the other two). 


Discussion 


Dose requirements of hydralazine therapy: Our 
results indicate that the dose requirements of hydral- 
azine in patients with severe chronic heart failure are 
highly variable and are generally much larger than those 
commonly utilized in antihypertensive therapy. 
Whereas hypertensive patients usually respond to doses 
of 50 mg or less,**!> patients with heart failure rarely 
demonstrate hemodynamic effects with single doses 
smaller than 75 mg.'!© Furthermore, in the present 
series of 45 patients, more than 40 percent required 
single doses of hydralazine that were substantially larger 
than 100 mg in order to reduce significantly systemic 
vascular resistance. Effective doses ranged as high as 
800 mg orally as a single dose and up to 2,400 mg daily, 


Bose Requirements 


NUMBER OF PATIENTS 
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FIGURE 3. Dose requirements of hydralazine in 45 patients. The number 
of patients who responded at each dose level is illustrated. Top, ef- 
fective single doses of the drug. Bottom, daily dosage requiraments 
based on a dose schedule of every 8 to 12 hours, 
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and occasionally a patient responded only to intrave- 

nous administration. This may explain why previous 
“investigators utilizing fixed schedules of smaller doses 

of hydralazine in patients with heart failure have re- 

ported inconsistent effects on cardiac index and little 

objective improvement in exercise tolerance." Indeed, 
-in four of our patients, the administration of these larger 
-doses was effective in lessening dyspnea and fatigue, 
whereas smaller doses tried empirically before invasive 
testing had not produced symptomatic benefit. Al- 
though our study population may be preselected to 
-some extent because of a tendency for patients to be 
referred after failure of an empiric trial with hydralazine 
(the true proportion of patients requiring large doses 
of the drug may be smaller), only six patients were 
-evaluated after failure of previous hydralazine 
“therapy. 

Reasons for large dose requirements: The reasons 
for the unusually large dosage requirements for hy- 
dralazine in patients with severe heart failure are un- 
known. One might have expected patients with heart 
failure to be more sensitive than hypertensive patients 
to hydralazine because, in heart failure, compensatory 
reflexes that might counteract peripheral vasodilatation 
are attenuated,!’-*! hepatic metabolic inactivation of 
the drug may be diminished by the effects of hepatic 
venous congestion?" and renal clearance of the agent 
is reduced.}6.24 However, recent evidence has indicated 
that the peripheral vasculature in patients with heart 
failure may be hyporesponsive to endogenous or exog- 
enous vasodilator stimuli, either because of increased 
vascular stiffness secondary to an increase in sodium 
content within the arterial vessel walls or because of an 
increase in tissue pressure in edematous states.2>-’ This 
is consistent with our finding that patients requiring 
very large doses of hydralazine manifested higher ven- 
tricular filling pressures than did patients who re- 
sponded to smaller doses. This may also explain why the 
development of tolerance to vasodilator therapy in 
hypertensive patients is associated with fluid retention 
and why responsiveness to the drug is restored after the 
administration of diuretic agents.2°.29 

Malabsorption of hydralazine may explain the failure 
of several patients to respond to massive doses of the 
drug (300 mg during a 3 hour period) administered 
orally although they had marked hemodynamic changes 
when small doses of the drug were administered intra- 
venously. Since patients requiring very large doses 
demonstrated significantly higher mean right atrial 
pressures than did patients who responded to smaller 
doses, impaired drug absorption could be related to 
mesenteric venous congestion, a factor that may explain 
the relative ineffectiveness of other cardiovascular 
agents administered orally to patients with severe heart 
failure.2°-82 Indeed, two of our patients in group B did 
not respond to massive doses of isosorbide dinitrate 
administered orally, whereas small doses administered 
sublingually produced marked hemodynamic changes. 
Although enhanced metabolic inactivation of the drug 
by genetically rapid hepatic acetylater enzymes can 
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result in a greater dosage requirement of hydralazine 


in some hypertensive patients,2+*° the magnitude of this __ : 
effect is too small to account for the unusually large 


doses needed by the patients in our group B and would 
not explain the ineffectiveness in these patients of other ` 
orally administered drugs metabolized by other enzyme 
systems. 

Ribner et al.!! suggested that patients with a high 


level of systemic vascular resistance before treatment 


may not respond to hydralazine because the effective- 


ness of vasodilators in patients with severely limited 


cardiac reserve is impaired. A major limitation of their 


study is the use of a fixed schedule of hydralazine ad- i 


ministration with an upper dosage limit of 400 mg daily. 


By using progressive increments in dosage where indi- 


cated, we could find no differences in the pretreatment 
systemic vascular resistance between patients in groups 


A and B. Furthermore, the hemodynamic responses to. 
effective doses of hydralazine were similar qualitatively = 
and quantitatively in both groups, the only difference 
being the dose of the drug needed to produce the ob- 


served hemodynamic effects. 


Side effects of large dose hydralazine therapy: In — 
spite of these very large doses of hydralazine, acute __ 


adverse reactions were no more frequent in patients in 
group B than in those in group A. In fact, symptomatic 
hypotension was observed only with doses of 100 mg and 
only in patients in group A with low mean right atrial 
pressure. An initial dose of 75 mg of hydralazine seems 
warranted, therefore, in patients whose pretreatment 
mean right atrial pressure is less than 6 mm Hg. 
Whether long-term therapy will place patients in group 
Bat greater risk of having hydralazine-induced systemic 
lupus erythematosus than group A remains to be de- 
termined.3455 

Implications: This study underscores the need for 
the administration of unusually large doses of hydral- 
azine to produce significant improvement in left ven- 
tricular performance in patients with severe chronic 
heart failure. The dose required is highly variable (75 
mg to 800 mg as a single dose) and is generally larger 
than that usually needed in hypertensive patients. In 
more than 40 percent of patients, significant. hemody- 
namic effects are seen only with single doses greater 
than 100 mg, and occasionally a patient will respond 
only to intravenous administration of the agent. As a 
result, the failure of hydralazine to produce clinical 
improvement in an individual patient may be due to the 
administration of subtherapeutic quantities of the drug. 
Verification and quantification of hemodynamic 
changes by invasive studies may be necessary in patients 
who fail to respond to small empirically determined 
doses. 
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shows the slowing of a rapid ventricular rate during atrial flutter-fibril- 
lation following intravenous infusion of 100 mg lidocaine (Xylocaine). 


On 30-day approval, please send and bill me for a copy of 
Castellanos: Cardiac Arrhythmias. #1684-8. Also send the books 
| have indicated below: 


D Brown: Anesthesia and the Patient with Heart Disease. $20.00. Jan. 
1980, #12605. . 

El Brandenburg Office Cardiology. $37.50. Feb. 1980. #1118-8. 

Cl Willerson: Nuctear Cardiology. $35.00. May 1979. #9329-X. 

C Roberts: Congenital Heart Disease in Adults. 360.00. Apri! 1979. 


#7419-8. 

Wenger: Exercise and the Heart. $35.00. 1978. #9226-9. 

Kotier & Segal: Clinical Echocardiography. $35.00. 1978. #5440-5. 

Onesti & Brest: Hypertension: Mechanisms, Diagnosis, and Treatment. 

$36.00. 1978. #6636-6. 

Yang et al. From Cardiac Catheterization Data to Hemodynamic Para- 

meters, 2nd Edition. $30.00. 1978. #9706-5. 

Helfant & Banka: A Clinical and Angiographic Approach to Coronary 

Heart Disease. $30.00. 1978. #4620-8. 

Rios: Clinical Electrocardiographic Correlations. $35 00. 1977. #7400-7. 

Rahimtoola: Coronary Bypass Surgery. $35.00. 1977. #7270-5. 

Corday: Controversies in Cardiology. $35.00, 1977. 41980-4. 

Spodick: Pericardiat Diseases, $32.00. 1976. #8090-2 

Brest et al.: Innovations in the Diagnosis and Management of Acute 

Myocardial infarction. $32.00. 1975. #1190-0. 

Ovidt Cleveland Clinic Cardiovascular Consultations. $23.00. 1975. 
#8930-6. 

D Fowler: Diagnostic Methods in Cardiology. $35.00. 1975. #3710-1 

D Meimor: Cardiovascular Drug Therapy. $18.75. 1974. #6125-8. 


OOO 


0 


0 


OOOO 


Contents and Contributors: 


indications for His Bundie Recordings, Anthony N. Damato, Antonio 
R. Caracta, Prasad S. Vadde. Sick Sinus Syndrome: Mechanisms and 
Management, Brian J. Gaffney, Alan G. Wasserman, Alberto 
Rotsztain, Jorge C. Rios. Supraventricular Tachycardia: Mechanisms 
and Treatment, Ruey J. Sung, Agustin Castellanos. Electrophysio- 
logic Management of Recurrent Ventricular Tachycardia in Acute and 
Chronic ischemic Heart Disease, Mark E. Josephson, Jahn A. Kastor 
Leonard N. Horowitz. Bundle Branch Biock, Melvin M. Scheinman, 
Nora F. Goldschiager, Robert W Peters. Arrhythmias During Myo- 
cardiai infarction: Mechanisms, Significance and Therapy, Michael 
C. Hindman, Galen S. Wagner. The Preexcitation Syndrome, Ruey d. 
Sung, Agustin Castellanos. Clinical Value of Ambulatory Rhythm 
Monitoring, Edward K. Chung. Ventricular Ectopy and Sudden Death, 
John J. Rozanski, Agustin Castellanos, Robert J. Myerburg. Detec- 
tion, Significance, and Management of VPBs in Ambulatory Patients, 
Arthur J. Moss. implantable Pacemakers for Cardiac Tachyarrhyth- 
mias, Augustin Castellanos, Harvey L. Waxman, Barouh V- Berkovits; 
Ruey J. Sung, Computer Recognition of Cardiac Arrhythmias, 
Leon Pordy, G. Charles Oliver. Common Arrhythmias in Acute 
Myocardial Infarction, K. |. Lie, D. Dirk Durrer. Arrhythmias and 
Conduction System Disturbances in Infants and Children—Recent 
Advances and Contribution of intracardiac Electrophysiotogy, Arthur 
S. Pickoff, Grace S. Wolft, Dolores Tamer, Henry Gelband. Clinical 
Pharmacology of Old and New Antiarrhythmic Drugs, Stanley Nattel, 
Douglas F Zipes. The indications for Antiarrhythmic Therapy as 
Prophylaxis Against Sudden Death, Thomas Peter, Hiromu 
Hamamoto, Jay Jordan, Mare Platt, William J. Mandel. Monitoring 
Blood Levels of Cardioactive Drugs, C. Pratap Reddy, Jerome 
Dominic, Borys Surawicz. 


Office Cardiology 


Dr. Robert O. Brandenburg, Sr., and eighteen of his colleagues from 
the Mayo Clinic give you a wealth of information based on their vast 
experience in treating ambulatory cardiovascular patients in an 
office practice. The effective use of noninvasive techniques is em- 
phasized throughout. Robert O. Brandenburg, Sr, MD, Guest Editor. 
308 pp. 119 ill. $37.50. Feb. 1980. Order #1418-8. 


Anesthesia and the Patient with 
Heart Disease 


The practical anesthetic management of the cardiac patient sched- 
uled for non-cardiac surgery is discussed by 12 eminent physicians. 


Burnell R. Brown, Jr. MD, PhD, Editor. 193 pp. ilusid. $20.00. 
Jan. 1980. Order #1260-5. 


Please send the books | have indicated. If Im not satisfied, | 
may return the books, in good condition, within 30 days. There 
will be a nominal charge for postage and handling. 
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Imagine our excitement at becoming 


Not that we're surprised. It's what we intended 
all aiong. What did surprise us is that it hap- 
pened so fast. 

That's because, since our beginnings in 
1972, we haven't spent our time measuring 
our success, but creating it. 

Like many other services in the long-term 
ECG (Holter) recording field, we saw that the 


main focus of the cardiologist was diagnosis 


and treatment, not maintaining complex and 
expensive equipment. Or tedious examination 
-of twenty-four hour ECG recordings. Or time- 
consuming quality control. The need is for 
accurate data, clearly and quickly reported. 
But we also saw something our competitors 
didn't see—room for improvement. So we de- 
cided to take the lead. Make the commitment. 
There was more room than we thought: 
-Room for reinventing ECG recording tech- 


niques with the first miniaturized, two lead 
FM cassette recorder with a built-in timing 
track. For introducing the first digital computer- 
assisted playback system. For replacing the — 
error-prone, rapid-fire Hofer superimposition 
method with the operator controlled Stein/ 
Peterson™ Examination Technique (with the 
heartfelt thanks of many a bleary-eyed exami- 
ner), For greatly improved data formating so 
that reports can be interprsted at a glance. 
For remote print-out terminals that can pro- 
vide twenty-four hour delivery in cities like 
Los Angeles, Dallas, Chicago, Philadelphia, 
san Francisco, Cleveland and of course, 
Boston and New York (with more cities 
to come). 

The list is long. The results have been 
impressive. 

Clinical Data is today the largest and pst 





number one. 













comprehensive long-term ECG recording and 
reporting service in America. Five times larger 
than our nearest competitor, we're tolc. We're 
the only service that's truly national in scope. 
We have over 100 employees — more than 50 
of them medically trained professionals. We 
examine hundreds of millions of heartbeats 
and prepare thousands of reports every 
month. Hundreds of cardiologists across the 
nation depend on our reports for accu- 
racy, clarity, and many extra features 
that are simply unavailable elsewhere. 

We'd like to share our excitement 
with you. For your free detailed bro- 
chure and sample LCG Report-II™ write 
to us at 1371 Beacon Street, Brookline, 


Massachusetts 02146. Or call toll free ge | ee 
eee Clinical Data, Inc. 


Making a long-term commitment to long-term recording. 





WEEN VOU CUCPECTORDETE 


VENOUS THROMBOSIS... 





Thromboembolism: 
a high risk among 
patients with one 
- ormore of these 
factors... 


Advanced age 

Fractures of lower limb 

Hip surgery 

Pelvic or abdominal surgery with 
extensive dissection 

Previous venous thromboembolism 

Congestive cardiac failure 

Cancer surgery 

Obesity 

Varicose vein surgery 

Cs ee eg 

Incidence of venous thrombosis or 

abnormal scans as shown by '5|-fibrinogen 

screening in selected high-risk medical- 

surgical patients 





Category incidence 
ot ee 
Elective surgery 
Major abdominal 
thoracic/gynecologic 11-65%" 
Retropubic 
prostatectomy 28-50%"? 
Transurethral 


prostatectomy Ayre 













Hip fracture 
=n 
Childbirth 


pe 


Medical 


Myocardial 
infarction 


Stroke 










48-74%"? 


















23-38%"? 
60%' 





ORAL ANTICOAGULATION: 
Often indicated to lower the risk 
of thromboembolic complications. 
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anticoagulants 


lation. con 
ermbals 


oe COUMADIN is an Endo reqestered U S trademark 


The oral anticoagulant 
of choice: Tablet 


COUMADIN 
crystalline warfarin sodium 


singled out by more 
than 20 years 
of experience 


Effective prophylaxis and treatment of venous 
thrombosis 

Effective prophylaxis and treatment of 
pulmonary embolism 

Effective treatment of atrial fibrillation with 
embolization 

Effective adjunctive treatment of coronary 
occlusion 








Initiation of therapy 

Induction —40 to 60 mg for average adult or 20 to 
30 mg for elderly and/or debilitated patients for one 
dose only administered orally. intravenously or intra- 
muscularly, 


Alternatively. the large priming dose may be decreased 
for all patients to minimize the possibility of excessive 
increases in prothrombin time. Induction may be initi- 
ated with 10 to 15 mg daily and thereafter (usually 

2 or 3 days} adjusted according to prothrombin ime 
response 

© dosage must be individualized according to 
patient's prothrombin time 

z frequent laboratory monitoring is recommended 

z determine prothrombin time daily unti! results fall 
within the therapeutic range —1.5 to 2.5 times normal 
© afterwards. prothrombin time must be determined 
penodically to monitor the patent s course 








Maintenance of anticoagulation 


L | 
| 
| 





2 210 mg. for most patients (scored tablets allow 
flexibility and accurate titration) 

z dose and interval should be adjusted according to 
the individual patients prothrombin time response 





Duration of anticoagulation 





z should be individualized for each patient 
3 in general. should be continued until danger of 
thrombosis and embolism has passed 










on duration of therapy 





| Recommendations of prominent clinicians 
r myocardial infarction?** 1-3 years* (reevaluate 


at least every 6 months) 


in pulmonary embolism*> 6 weeks-6 months 
in deep vein thrombosis? 6 weeks-6 months 








Belore prescribing. please see ful produci information an next 
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X ing synthesis in the 

in the Coagulation mechanisms in a variety of 
resultant in vivo effect is a sequen- 
epression is dependent upon the dos- 
dished thrombus. nor do they 
og1s has occurred, anticoagulant treal- 
iot and prevents secondary thromboembo- 
bie fatal sequelae 

e and ma@umal plasma concent ahOns 
bumin within the plasma. 

memain 36 ic 72 hours. and its guration of action 

g a smooth., long lasting response curve Lites known 
botransiormation of oral anticoagulants inman How- 
fy en fhe une 





woes 
d by tnromboembo! lic ph 





















































on a rev yu 
and/or oiher informat: 


s drug by the Natonal Academy of Sciences 
FDA has classified the indications 








the prophylaxis and treatment of venous thrombo- 
gion, the tre. atrai flordiation with embolization. the prophylaxs 
ntof pulmonary embohem, and as an adjunct in the treatment of coronary 





e eatrnent of transient cerebral ischemic attacks 
ive indicabon requires further investigation 





WHanOn IS Con andica 


IN any iocahzed of general physical 
e n which the hazard of 


remorhage might be greater than its 


nancy because the drug passes through the 
a Furthermore. there have 

5 who have been treated with wat- 
al who are candidates for anticoaguiant 
aly reviewed with the patient ithe 
d of the potential nsks to 





rhagic tendencies or bicod dyscrasias. Recent or contemplated surgery of: 

e siem. (2jeye, Glyaumalc surgery resulting in large open surfaces Bleed- 
ing tendencies associated with activ ulceration or overt bleeding of: į i jgastroniestinat 
iar hemor hage., (3janeurysms-- cerebral, dis- 
bacute bactenal endocardiis 
inadequate laboratory facilities or unsu- 
£ n! cooperation Spinal puncture and 
with potential for uncontrollable tiendita Miscela- 
hesia and mahgnant hypertension 

drug wih a half-life of 22 days. therefore ts effects may 
h lainvenance doses ovedap It cannot be emphasized too 
feacn ‘patient sah ed matter Dosage shouid be con- 
MmNRANONS Of protror x other suitable coagulation tests Deter- 
clothng and bieeding times are not effective measures for contro! of 
prothrombin ume Therefore. to obtain a valid prothrom- 
given together a penod of at least 5 hours shouid 




































odium is adrrnstered in any situation or physical 
ais present 
coagulans in the folowing Conddions will be based upon clinical judgment 
cagulant therapy are weighed against the risk of thrombosis or emboliza- 
he following may be associated with these increased asks 

anns May Pass into the milk of mothers and cause a prothrombinopemc state n 
Ine oursng infant Severe to moderate hepatic or renal insufficiency. infectious diseases 
or disturbances ot intestinal flora serue. antitnotic therapy Trauma which may result in inter- 
g. Surgery or trauma resuiting ir large exposed raw surfaces Indwelling cathe- 
ters. Severe to moderate hypertension. Miscellaneous: polycythemia vera. vasculitis. severe 
>, Severe allergic and anaphylackc disorders 
wih congestive heart fadure may become more sensitive to COUMADIN. thereby e- 
are frequent laboratory momtorng. and reduced doses ol COUMADIN. 
reent use of anticoagulants with sirepfoxinase or urokinase is not recommended anc may 








Lactation 
























be h lazerdous (Please note recommendations accompanying these preparations } 
Arup! sation of anticoagulant therapy is ot generally recommended, taper dose gradually 
over th 10 four weeks 


PRECAUTIONS Periodic determination of prothrombin time or other suitable coaguta- 
tion test is essential. 

Numerous tactors. alone or in combination, including travel, changes in diet, environ- 
ment, physical state and medication may influence response of the patient to anti 

tants. itis generally good practice to monitor the patient's response with additional pro- 
thrombin time determinations in the period immediately after discharge from the hospi- 
tal, and whenever other medications are initiated, discontinued or taken haphazardly. 
The lewing factors are listed‘Tor yaur reference; however, other factors may also at- 
fect the prothrombin response. 

The folowing factors, alone or in combination, may be responsible for increased pro- 
thrombin time response: 

ENDOGENOUS FAC TORS Carcinoma. collagen disease congestive heart ature. darbea 
uc disorders ~ infechous hepatitis. jaundice. poor nutrtional state. 












chioral bydratet, chlorproparmide, chymotrypsin: cimetidine: canchophen; ci 
MADIN (crystailine warfarin sodium} overdosage: dextran, dextrothyroone, diazoude, 
ag. diureticat: cisulfirarn, ¢ ng Dicod elements: ethacrynic acid. giu- 

rugs. indomethacin inhalation anesthetics, mefenamic and, methyldopa: 
ronidazale, monoamine oxidas itstors, nalidixic acid. oxolinic acid, oxy- 
phenylbutazone. phenyramiiol, prolonged hot weather. prolonged narcotics; 
lates; sulfinpyrazone sulfonamides. long acting: thyroid drugs. tolbu- 
methoxazole, unreliable prothrombin time determina- 





























The foltowing factors, atone or in combination, may be responsible for decreased pro- 
thrombi time response: 

OUS FACTORS. Diabetes melitus. ed 
ma, hypothyroidism 
JS FACTORS. Adrenocortical stermds, alc 
al hydrat oude cholestyramine. COUMADIN underdosage diet nighin 
vegetab omons), dureicst. ethchlorvynol: giutethimide: gnseo! 
ol meprobamate: oral contacephves, paraidenyde: ptmidane: rifampin. unresabie pro- 
ne determinations. vitamin C 
ceased and decreased prothrombin ime responses have been reported 


as crystaline sodium warfarin ssopropanol clathrate 





a. hereditary resistance to coumarin therapy. 










ahait. antacids. antihistamines, barkatu- 


























and short-term oral anticoagulation.. 
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Side effects other tha 
iever nausea, darrh 
ng and a reaction 
3 Prapism has been as: 
nas not been established 
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The admurustrano age of COUMADIN must be neavidualse 
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Lon of COUMADIN shouts pe e gauged ac 
əy a Saol e me 
adrramstratic 
nlervais betw 
ahysician S jue 
ual wilh 
3a ve UuSuaily fal 
Merapeuke anhcoagulahen are *¥e to oY times the normal prothrombin fin 
orks. wih a control ot 12 seconds} 
induction -— 40 to 60 mg for average eduli or 20 to 30 mg ter elderly and/or debilitated patients 
ag one dose only administered crally. ntravenously or intramuscularly 
Aternatively. the large pumung dose may be decreased forall patents to miramize the possibility 
of excessive increases im prothrombin time. induchon maybe initiated with 10 to 15mg dady and 
thereafter (usually 2 or 3 days) adjusted according to prothrombn time response. The basis for 
she nc-loading dose regimen is that the depression of Factors H. IX, and X are not accelerated by 
the adrarsstrahon of a loading dese 
Maintenance — Most patients are satisfactorily maintained-at a dose of 2 to 10 mg daily. Flexibility 
of dosage s provided by breaking scered tablets in half The individual dose and interval should 
ne gauged by the patent's prothrombin response 
Duration of therapy- The duration d therapy in each patent shouid be individualized. in ger- 
aral, aniccaquiant therapy shoud be continued until the danger of thrombosis and embolism has 
passed 
Treatment during dentistry and suagery — The management of patients who undergo dental 
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r SES ST 
3 admurester antcoaguiants pror t0. dunng. or mmediatel; 
S. ts recommended fat the dosage of COUMADIN { 
adjusted to maintain the proth on me a approximately 12 to 
operative sie should be suf 
mostasis including absorbabi y a z 
Under hese conditions dental and susqical procedures may be pe: 
nemornage 
COUMADIN with Heparin — Since a delay intervenes beween the acmmnstration of the inital 
dose and the therapeutic prolongation of prothrombin time. it may be advisable in emergency s 
sahons to admunisier sodium hesann tially along wih COUMADIN The wital dese of hepann 
and nyectable COUMADIN may be administered together in the same syringe. It should be note 
Mat hepann may affect the prothrombin tme. and therefore. when pahents are rec ewving both 
Repacn and COUMADIN, the blood sampie tor prothrombin time determination should be draw 
pst pror fo the nex! heparin dosage. 2 least 5 hours alterthe last intravenous injection or 24 
Sours after the last subcutaneous in 
TREATMENT FOR OVERDOSAGE: £ xcessive prothrombniopenia, wilh or without bleeding. is 
-eadily controled by discontinuing CCUMAOIN (crystalline wartarin sodium), and if necessary. 
She oral or parenteral adrrenistrabon of vitamin K,. The appearance of microscopic hematuria, ex- 
cessive Menstrual bleeding, melena. petechiae or cozing fom nicks made while shaving are 
2afy manifestations of hypoprothrombinemna beyond a sate and satisfactory level 
in excessive prothrombinopenia with ruid of no bh Bedding: cmisson of one or more doses ot 
COUMADIN may suffice. and if necessary, small doses of wiarmn K, orally. 2 5 to 10 mg. will ust 
ally correct the problem 
Frano Dieeding persists, or progresses to frank bleeding, vitamin K in doses of 5 tc 25 mg may 
de gen parenterally (Please nale recommendations accompanying vitamin K preparations prio 
wuse 
“rash whole blood transfusions shouic be Considered in cases of severe bleeding or prothrom- 
=yropenic states unresponsive te vitarun K, 
esumption of COUMADIN administration reverses the effect of vitamin K, and a therapeutic hy- 
poprathranbinemia level can again be obtained 
SUPPLIED Tablets: COUMADIN (crystalline wartarn sodium). For oral use, single scored, m- 
opnted numerically with potency as follows. 2 mg lavender, 2¥2 mg orange, 5 mg peach. 7ye mg 
yellow. 10mg white in bottles of 100 and 1000. Also avatladle in Hospital Urut-Dose blister pack- 
age of 100 
injection: Available as single iaje 
aous Gf intramuscular use in a © 
50mg Und consists of t val 59 mg. sodium chionde. td m 
sth sodium hydroxide, accompanied by 3 2 mi ampu Ster: 
i Contains no antimicrobial or others: 
wthoul first having been made apprommately 
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Announcing the 
comprehensive study 
of...the most fascinating 
syndrome in Cardiology... 


THE PRE-EXCITATION 
SYNDROME: FACTS 
AND THEORIES 


Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute, Chaim Sheba Medical Center, 
Tel Hashomer, University of Tel Aviv—Sackler School of Medicine, and Visiting 
Assoc. Professor, Dept. of Medicine, University of Alabama. 


Henry N. Neufeld, MD, FACC 
Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart 
Institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Tel Aviv— 
Sackler School of Medicine. 








Every cardiologist, internist, pediatrician, surgeon — indeed, 
every physician — should have a good basic knowledge of 
The Pre-Excitation Syndrome. Here are just a few reasons why 
this is so essential: 


( 1 of all pre-excitation cases are misdiagnosed. 

(J 5% to 10% of all tachycardias in adults are produced by 
pre-excitation. 

(J In % of all infants under 10 months of age with life- 
threatening tachycardias, the tachycardias are actually 
secondary to pre-excitation. 

(1% to % of all children with pre-excitation have an 
additional heart disease. 


Starting with Wolff, Parkinson and White's classic paper, this 
book gives a comprehensive summary of all important facts 
of pre-excitation, plus the authors’ personal experiences of 
follow-up studies of patients through many decades. It also 
brings a broad view of the literature and discusses the 
different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


“What is offered richly in this book is a methodical and 
comprehensive analysis of virtually all currently available 
knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but 
at the same time evaluating relative strengths and weaknesses 
of each observation and hypothesis. There is broght a wisdom 
here which only time and experience can provide. The 
encyclopedic references alone would make the book 
invaluable to anyone seriously interested in the Wolff- 
Parkinson-White syndrome. But when knowledgeable 
discussion and personal observations are added, it is 
genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology.” 

Thomas N. James, MD 

The Mary Gertrude Waters Professor of Cardiology and Chairman of 
the Department of Medicine, The University of Alabama in Birming- 
ham, and Physician-in-Chief, University of Alabama Hospitals. 
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| Yorke Medical Books, 666 5th Ave., P.O. Box 876, N.Y., N.Y. 10019 


Please send me a copy of THE PRE-EXCITATION SYNDROME at 
$33.00. I may use the book for 30 days and if not completely 
satisfied, return it for full credit or refund. 
Bill me plus cost of shipping 
Payment enclosed, publisher pays for shipping 
© Charge my credit card 

(J Master Charge [I Visa 

Card No. Expire Date 


NAME 























ADDRESS 
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CATHETER-TIP 
TRANSDUCERS 
With a single 
catheter 
introduction ... 


Single pressure recordings 


Multiple pressure 
recordings 


Multiple pressure with 
velocity recordings 


Phono recordings 








IN THE ANXIOUS POST-MI PATIENT 


THESE PARAMETERS MAY BE IMPROVING 











The patient’s ECG shows an improved 
picture with virtually no signs of the S-T 4 
segment shift associated with myocar- 
dial injury. Both the erythrocyte sedi- 
mentation rate and the SGOT are 
now within normal limits. Blood £ 
pressure readings are on the low 
side and the patient's pulse rate 
is down to 80 beats per minute. 
The atrial gallop sound can 
no longer be heard. 











BUT THESE MAY NOT. 








You’ve assured the patient, time 
and again, that he’s making ex- 
cellent progress, that all signs 
point to a marked improve- 
ment in his condition. He 
seems to understand... 
and yet, his 









excessive 
‘anxiety and 
psychic tension continue 
| to pose problems. 
For patients like this, adjunc- 
tive Valium (diazepam) can 
be particularly useful. Valium 
Wvotks promptly: patients often 
feel distinctly calmer in hours, 
usually report significant symp- 
tomatic relief within days. And 
once calmer and in better con- 
trol of their emotions, they tend 
to be more optimistic as well 
and to enter more willingly into 
rehabilitative programs. 

Valium can also alleviate the 
anxiety-linked insomnia so often 
seen in post-MI pee} In 
most cases, adding an h.s. dose 
of Valium to the usual t.i.d. 
schedule helps relieve “night- 
time apprehensions” and 
encourages sleep. And Valium is 
used with most classes of pri- 
mary medications, including 





cardiac glycosides, anticoagu- 
lants, diuretics and vasodilators. 
An especially important advan- 
tage: Valium (diazepam) is usually 
well tolerated. Though drowsiness, 
ataxia and fatigue are encoun- 
tered with some patients, these 
and more serious side effects are 
rarely a problem. Patients who 
will be taking Valium during 
their first weeks at home should 
be cautioned against the simul- 
taneous drinking of alcohol. 
Periodic reassessment of the pa- 
tient’s need for psychotropic 
medication is also recommended. 
















VALIUM. 


diazepam /Roche 


2-mg, 5-mg, 10-mg scored tablets 


TO REDUCE EXCESSIVE ANXIETY 
TO MORE MANAGEABLE LEVELS 


Before prescribing, please see following 
page for a summary of product information. 





Valium® (diazepam/Roche) 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 
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dependence 
Usage in Pregnancy: Use of minor tranquiliz- 
ers during first trimester should almost al- 
ways be avoided because of increased risk 
of congenital malformations as suggested in 
several studies. Consider possibility of preg- 
nancy when instituting therapy; advise pa- 
tients to discuss therapy if they intend to or 
do become pregnant. 
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Side Effects: Drowsiness 
hypatens i 
depression, dysari 
sagiipation, headache, incontnN 
2, Slurrac speech, remor, } 
blurred vision. Paradoxical reactions 
acute hyperexcited states. anxiety hal- 
increased muscie spashcity. insomma 
sturbances mulahon have been 
should these oce tinue drug 
lated reports of neu sma. dice, penodic 
bocd counts and liver funchon tests advisable 
during long-term therapy 
Dosage: individualize for maximum beneficia! et- 
fest. Adults. Tension. anxiety and gsychoneuratic 
States. 2 io 10 mo pid. to gid: alcoholism. 
1Omg tid. or qid. in first 24h then 5 mg 
tid or qid. as needed: adjunctvely in skeletal 
muscie spasm. 2 to 10mg tid. or qid. adunc- 
uve im convulsive disorders. 2 to 10 mg bid to 
Qad. Genainc or debilitaled patents. 2 to 22 
mg. tor 2 times daly initially, increasing as 
needed and tolerated. (See Precautions.) Chit- 
dren: J to 2v2 mg Lid. or gid: initially, increasing 
as needed and tolerated (not for use under 
6 months) 
Supplied: Vaium® (diazepam) Tabets. 2 mg. 
5 mg and 10 mg—botties of 100 and 500, 
Te-E-Dose® packages of 100. avadabie in trays of 
4 reverse-numbered boxes of 25. and in boxes 
containing 10 strips of 10: Prescription Paks of 50. 
avaiable singly and in trays of 10 


Roche Laboratories 
Division of Hoffmann-La Roche inc 
Nutley, New Jersey 07110 
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potassium chloride 
or oral solution 


20 mEq (1.5 g. KCI) 


Prescribing information 


DESCRIPTION: 

Spray-dried tomato powder containing 20 mEq potassium (equivalent tc 
1.5 g. KCI) per 6 grams powder (one dose) with natural and synthetic 
flavors, spices and colors. Benzoic acid and potassium benzoate 
added as preservatives. When reconstituted as directed, makes 2 
pleasantly flavored, low sodium tomato juice drink. Each daily dose (2 
packets) contains less than 10 mg. sodium. 


INDICATIONS: 

The prevention or correcton of potassium deficit, particularly when 
accompanied by hypechicremic alkalosis in conjunction with thiazide 
diuretic therapy, in digitalis intoxication, or as the result of long-term 
corticostercid therapy, low dietary intake of potassium, or excessive 
vomiting or diarrhea. 


CONTRAINDICATIONS: 

Potassium is contraindicated in severe rena! impairment involving 
oliguria, anuria or azctem:a; in untreated Addison's disease, familial 
periodic paralysis, acute dehydration, heat cramps, hyperkalemia from 
any cause. Potassium chioride should not be employed in patients 
receiving potassium-sparing agents such as aldosterone antagonists 
and triamterene. 


PRECAUTIONS: 

KATO is a concentrate and should be taken-only after reconstituting with 
water as directed. This preparation, like other potassium supplements, 
must be properly diluted to-avoid the possibility of gastrointestinal irita- 
tion. Do not use in patients with low urinary output or renal decompensa- 
tion. Administer with caution; it is impossible to assess. accurately the 
daily dose required. Excessive dosage may result in potassium intoxica- 
tion. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations of 
potassium ion may cause death through cardiac depression, ar- 
rhythmias or arrest. Use wih caution in patients with cardiac disease. 


ADVERSE REACTIONS: 

Vomiting, diarrhea, nausea, and abdominal discomfort may occur. 
Gross overdosage may produce signs: aad symptoms of potassium 
intoxication: mental confusion, listlessness, paresthesia of the ex- 
tremities, weakness and heaviness of legs, flaccid paralysis, hyper- 
kalemia, ECG abnormalities, fall in blood pressure, cardiac arrhythmias 
and heart block. Tre characteristic changes in the ECG are dis- 
appearance of the P wave, wicening and slurring of QRS complex, 
changes of the S-T segment, tall peaked T waves, etc. 


TOXICITY: 

Potassium intoxication may result from overdosage of potassium or from 
therapeutic dosage in conditions stated under “Contraincdications” 
Hyperkalemia, when detected, must be treated immediately because 
lethal levels can be reached in a few hours. 


TREATMENT OF HYPERKALEMIA: 

4. Dextrose solution 10% or 25% containing 10 units of crystalline insulin 
per 20 g. dextrose, gwen IV. in a dose of 200cc to S00cc in an hour. 2. 
Adsorption and exchenge of potassium using sodium or ammonium 
cycle cation exchange resin. orally or as retention enema. 3. 
Hemodialysis or peritoneal dialysis. 4. Elimination of potassium- 
containing foods and med.caments. Warning: Digitalis toxicity can be 
precipitated by lowering the plasma potassium concentration too 
rapidly in digitalized patierts. 

ADMINISTRATION AND DOSAGE: 

Mix with water to make @ pleasant tomato juice drink. Each 6 gram unit 
dose packet provides 20 mEq of potassium. Usual adult dose—-t packet 
of KATO mixed with about.2 ounces of water twice daily—supplies 40 
mEq potassium per day. Take with meals.or follow with y2 glass of water. 
Larger doses may be required, but should be administered under close 
supervision because of the poss:bility.of potassium intoxication. 


HOW SUPPLIED: 
Cartons of 30 and 120 6 gram unit dose packets, 20 mEq each. 
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Trying to smother the taste of 
potassium with sweet fruit flavorings 
never seems to work very well. It’s 
like pouring salt straight into your 
orange juice—and just about as un- 
drinkable for many patients. That's 
when a matter of taste becomes 
a problem of compliance. 

KATO® (potassium chloride for 
oral solution) has the right kind of 
tastesthe fresh tomato tang that 


saltiness of potassium chloride. 

It provides the potassium salt of 
choice—the chloride—as a 
powder that mixes quickly with 
water, for the liquid dosage form 
preferred for safety. Each 
easy-to-use packet contains 
20 mEq potassium chloride, with 
less than 5 mg sodium. 

Offer your patients the tangy 
taste of KATO—the fruitless 


(potassium chloride 
for oral Solution) 20 mea a5 o.xcn 


Potassium with the tang of tomato. 
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the preferential effect 


Artist's interpretation of 
cell membranes showing 
beta, - and beta, -receptor 
sites with beta, sites being 
selectively blocked. 


Beta, -receptor site, blocked. 





Beta,-receptor site, 
occupied by catecholamine. 





Lopressor 


metoprololtartrate 


works where it should— 
not where it shouldn't 
in hypertension 


The beta blocker with a significant preference 
for beta, receptors in the heart* 


Lopressor represents a major step forward in 
more specific beta blockade. 


Unlike the nonselective beta blocker, propran- 
olol, which indiscriminately blocks both beta, 
and beta, adrenoreceptors, Lopressor is rela- 
tively selective, that is, it exerts a preferential 
effect on beta, receptors in the heart—those 
involved in lowering blood pressure. Lopressor, 
at usual therapeutic doses, has a much lower 
affinity for beta, receptors. 
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Works where it should... not where it shouldn’t. 


*Hansson L, Werkö L: Beta-adrenergic blockade in hypertension. Am 


Heart J 93(3):394-402 (Mar.) 1977 


Please see next page for brief prescribing information 
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metoprololtartrate 


works where it should... 
not where it shouldn't 


® Very well tolerated 





@ unlike traditional sympathetic inhibitors, there is usually no seda- 
ton, sexual dysfunction cr postural hypotension with Lopressor 
è most side effects mild and transient 
The most frequently reported adverse reactions (which occurred 


in approximately ten out of 100 patients) are tiredness and dizzi- 


diac failure. 





Lopressor” 
metoprolol tartrate 


An antihypertensive 
betæblocking agent 


Brief Summary of Prescribing Information 


indications Lopressor is indicated in the manage- 
meni of hypertension. it may be used alone or in 
combination with other antihypertensive agents. 
especiaily thiazide-type diuretics. 
Contraindications Lopressor is contraindicated in 
sinus bradycardia, heart block greater than first 
degree, cardiogenic shock, and overt cardiac fail- 
ure ‘see Warnings). 

Warnings Cardiac Failure: Sympathetic stimula- 
tionis a vital Component supporting circulatory 
function in congestive heart fature, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controled by digitalis and 
diusstics, Lopressor should be administered cau- 
tiously, Both digitalis and metoproici slow AV 
conduction. 

in Patients Without a History of Cardiac Failure 
cortinued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac fadure. At the first sign 
or symptom of impending cardiac failure, patients 


should be fully digitalized and/or be given a diuretic, 


anc the response observed closely. If cardiac fail- 
ure continues, despite adequale agitaiization and 
diuretic, Lopressor therapy should be withdrawn. 


ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-biocking agents. 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction have been reported. 
Even in ihe absence of overt angina pectoris. when 
discontinuing therapy, Lopressor should not be 
withdrawn abruptly, and patients should be cau- 
tiomed against interruption of therapy without the 
physician's advice, 


Brenchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor may be used with caution in pa- 
tients with bronchospastic disease who do not 
respond to, or cannot tolerate, other antihyper- 
tensive treatment. Since beta, selectivity is not 
absolute, a beta, -stimulating agent should be 
administered concomitantly and the lowest 
possible dose of metoprolol should be used. H 
may be prudent initially to administer meto- 
prolol in smaller doses three times daily, instead 
of larger doses two times daily, to avoid the 
higher plasma levels associated with the longer 
fen” interval. (See Dosage and Administra- 
en, 
Major Surgery: The necessity or desirability of 
wahdrawal of beta-blocking therapy prior to major 
surgery is controversial. It shauld be noted, how- 
ever, that the impaired ability of the heart to respond 
tæreflex adrenergic stimuli may augment the risks 
ofgeneral anesthesia and surgical procedures. 
Metoprolol, like other beta bicckers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fests can be reversed by administration of such 
agents. e.g.. dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers. 
Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
da) and may potentiate insubn-induced hypo- 
gycemia. Lopressor should therefore be used with 
caution im diabetic patients, especially those with 
iabiie diabetes 


ness. Depression anc diarrhea have occurred in about five out o! 
100. Lopressor is contraindicated in sinus bradycardia, heart 
block greater than first degree, cardiogenic shock, and overt car 





Thyrotoxicosis: Beta-acrenergic blockade may 
mask certain clinical sigas (¢.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be: managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyra:d storm. 


Precautions impaired Hepatic or Renal Func- . 
tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function. 


Drug interactions: Catechoiamine-depleting 
drugs (e.g., reserpine} may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor pius a catecholamine 
depietor should therefore be closely observed for 
evidence of hypotensior: and/or marked bradycar- 
dia which may produce vertigo, syncope, or 
postural hypotension. 

Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic e+ 
fects and carcinogenic potential. in a. one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 10: 

mg/kg per day. Two-year studies in rats at three oral 
dosage levels cf up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occuring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be crug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macropkages in puimonary aiveoi 
and a slight increase inbillary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. in a 21-month study in mice at three 
oral dose levels of up te 750 mg/kg per day, benign 
lung tumors (smal adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated contre! animals. There was ne in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration. 

Usage in Pregnancy: Reproduction studies in 
animals did not reveai any evidence of impaired 
fertility or of teratogerie potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies ir 
mice confirm exposure of the fetus when metopro‘o! 
is administered to the pregnant animal. There are 
no well-controlled stuc:es in pregnant women. 
Lopressor should be used in pregnant women only 
when clearly needed 

Nursing Mothers: it isnot known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol. 
Usage in Children: Sztety anc effectiveness in 
children have not beer established. 

Adverse Reactions Most adverse effects have 
been mild and transient. 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 
Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Coid extremities: arterial insufficiency, 
usually of the Raynaud type; palpitations and con- 
gestive heart failure have been reported. See Can- 
traindications, Warnings, and Precautions. 


Respiratory: Wheeziag (bronchospasm) has been 


reported in less than 1 of 100 patients. See Warnings. 


Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 1 of 
100 or less. 


Allergic: Pruritus has occurred in tess than 1 of 100 
patents. 


Miscelianeous: Peyronie's disease has been re- 
ported in less than 1 of 100.000 patients. 

The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor during investigational use 
and foreign marketing experience. 


Potential Adverse Effects: in addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents 
and should be considered potential adverse effect 
of metoprolol 

Central Nervous System: Reversible mental de- 
pression progressing to catatonia: visual distur- 
bances: hallucinations: an acute reversible gyr- 
drome characterized by disorientation for time and 
place, short-term memory joss. emotional lability, 
sightly clouded sensonum, and decreased per- 
formance on neuropsychometrics. 
Cardiovascular: intensification of AV block (see 
Contraindications) 


Hematologic. Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura. 
Allergic: Erytnematous rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress. 

Miscellaneous: Reversible alopecia. 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase. alkaline phos- 
phatase, lactate dehydrogenase 


Dosage and Administration Dosage of Lopressor 
should be individualized. The usual initial dose is 
50 mg twice daily whether used alone or added to: 
diuretic. The dosage may be increased at weekly 
(or longer intervals until optimum blood pressure 
reduction is achieved. In general, the maximum ef- 
fect of any given dosage level will be apparent alter 
one week of therapy. Usual maintenance dosage is 
approximately 100 mg twice a day, with a range of 
100 to 450 mg per day. Dosages above 450 mg pe: 
day have not been studied. While twice-daily dos- 
ing is effective and can maintain a reduction in 
bilocd pressure throughout the day, some patients, 
espacially when lower dosages are used, will expe- 
nence a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 

eva uated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. if control is not adequate, a larger dose, or 
three times daily therapy. may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor is increased. 

This drug should be stored at controlled room tern- 
perature and protected from moisture. 

How Supplied Tablets of 50 mg (capsule-shaped, 
scored, ight red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1.000 and Unit 
Dose Packages of 100. 


Store at controlled room temperature and protect 
from moisture. 


Dispense in tight, tight-resistant container (USP). 
Printed in U.S.A, 687292 (8/79) C7S-22 

For complete details, including description, clinical 
pharmacology and overdosage, please see full 
prescribing information. 

GEIGY Pharmaceuticals 

Division of CIBA-GEIGY Corporation 

Ardsley, New York 10502 


326-911094 


Geigy 





ATTEND THE SYMPOSIUM 
LED BY THE NATION’S FOREMOST 
NUCLEAR CARDIOLOGISTS. 


APRIL 18,19 & 20. LAS VEGAS HILTON, 
LAS VEGAS, NEVADA 


+ symposium, the second in 
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tems, follows last month's 
cessful meeting in Houston. 
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on’s leading nuclear cardiologists 
value of nuclear cardiology in 
ènt management. Topics will 

e the clinician in the selection 

le appropriate nuclear proce- 

+ for specific clinical problems. 
performance of basic imaging 
niques will be illustrated by 

tal example. 


t York—May 16, 17, 18 
roit—June 20, 21, 22 
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Richard W. Myers, M.D. 
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Bertram Pitt, M.D. 
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Medicine, Director, Division of 
Cardiology, Ann Arbor, Michigan 
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Harvard University School of 
Medicine. Assistant Professor of 
Medicine. Assistant im Medicine, 
Cardiac Unit, Massachusetts 
General Hospital, Boston, Mass. 
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Cedars-Sinai Medical Center. 
Director, Department of Cardiology 
Professor of Medicine, University of 
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Associate Professor of Medicine. 
Director, Coronary Care and 
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Clinical applications 

Introduction to imaging techniques: 

m Gated blood pool 

m Thallium perfusion 

@ First transit 

m Thallium and gated blood pool 
tomography 

m Myocardial pyrophosphate infarct 

Instrumentation 

Data processors/ software 

Radiopharmaceuticals 


LIMITED REGISTRATION. 
LAS VEGAS, APRIL 18, 19 & 20. 
FOR LATE REGISTRATION, 
CALL: (415) 928-0500 


Applications to the symposium will be limited, so register early. Regis- 
tration fee is $750 per person. Mail coupon or phone for reservations. 
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OPTIONAL 
WORKSHOP* 


(Third day) Consultation on: 

@ Instrumentation 

m Computer software 

@ Licensure 

m Certificate of Need 

@ Third party reimbursement 
*Workshop, conducted by Nuclear 

Cardiology Systems consultants, is 

designed solely for those physicians 

interested in establishing or adding 

instrumentation to a nuclear cardi- 

ology laboratory within the next 

12 months. 
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REGISTRATION 


Registration fee is $750. This fee 
covers all lectures, symposium 
abstracts, coffee breaks and lun- 
cheons. A full refund will accompany 
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in advance of the meeting. No re- 
funds will be made after that date. 
However, a substitute may be sent 
in place of the original applicant. 
Symposium attendees are responsi- 
ble for securing their own hotel 
reservations. 
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NUCLEAR CARDIOLOGY SYSTEMS 


1375 Sutter, Suite 412, San Francisco, CA 94109. 


When you buy from 
Physio-Control, 
you get more than 
just a machine. 


You get people. Committed 
people. You get the largest and 
most responsive service organi- 
zation in the industry. The best 
trained. The most dedicated. 
Factory-direct and nationwide. 

It's no accident either. 

At Physio-Control, we pride 
Ourselves on producing the most 
advanced acuie cardiac care 
systems in the world. But excel- 
lence of product isn't enough. 

A life-saving system must have 
service to match. 

You stand behind your 
work. So do we. 


Only 
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Assessment of Left Ventricular Contraction: 
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Radionuclide angiography has been increasingly utilized to evaluate left 
ventricular function in a wide variety of disease states. Comparison with 
contrast ventriculography has shown that radionuclide angiography isan. | 
accurate means of determining global ejection fraction. Moreover, studies 
have shown that this technique is of particular value in detecting the eo 
presence and severity of regional asynergy as, for example, inthe de- 
lineation of a discrete aneurysm versus global asynergy as the cause of 
congestive heart failure. ie 
The relative ease of repetitive examinations permits evaluation of left 
ventricular function under different conditions. Thus, radionuclide angi- __ 
ography is being increasingly used as a prognostic and therapeutic guide. 
in addition, it can be used during an acute intervention—for example, with —__ 
administration of nitroglycerin to detect reversible asynergy or, as recently —__ 
demonstrated by several groups, during exercise as a relatively sensitive 
and specific means to detect coronary heart disease. E 








In recent years, it has been increasingly recognized that the ability to __ 
assess the contractile state of the left ventricle provides invaluable di- o 
agnostic, therapeutic and prognostic information in a wide variety of _ 
cardiac diseases.!-5 Up until now, however, invasive procedures such as 
contrast ventriculography have been the only methods whereby global 
and segmental left ventricular contraction could be accurately assessed. 
Since Blumgart and Yens® first used a radioactive tracer to evaluate 
velocity of blood flow in man, substantial improvements have been made 
in imaging devices, isotopes and computer techniques. Consequently, 
these techniques have been applied to radionuclide angiographic as- 
sessment of the heart and particularly the left ventricle. Studies have 
included determination of ejection fraction and asynergy (and their 
response to both medical and surgical therapy) as well as stress radio- 
nuclide angiography to detect coronary heart disease. These techniques = 
have been found repeatable, and measurements of both ejection frac- _ 
tion!2-13 and asynergy have correlated well with those obtained by con- 
trast ventriculography.!?!4 In this paper, the status of radionuclide. 
angiography will be reviewed. 


Methods of Performing Radionuclide Angiography l 
Left ventricular contraction can be determined currently by one of 
two methods: first pass or gated equilibrium radionuclide angiography. __ 
Each technique has intrinsic advantages and disadvantages. 
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First Pass Technique 

The first pass technique of radionuclide angiography 
consists of rapidly injecting a radionuclide bolus of 
isotope into an antecubital or (occasionally) an external 
jugular vein and obtaining images, commonly 20 to 25/s 
although up to 100/s is possible, as the bolus passes 
through the right heart chambers, lung field and left 
heart chambers (Fig. 1, upper left). Most commonly a 
volume of 0.8 ml or less containing 12 to 15 mCi of 
technetium-99m sodium pertechnetate is used. Cur- 
rent-generation single crystal cameras permit counting 





rates of 30,000 to 80,000/s, whereas multicrystal cameras 
attain 150,000 to 250,000 counts/s. In addition to the 
type of imaging device used, other factors such as the 
size of the patient, quality of the bolus injection and 
type of collimation employed all affect obtainable count 
rate. 

After data accumulation, the chamber of interest is 
identified or “flagged” (Fig. 1, lower left). A computer 
generates a time-activity curve, which is a plot of counts 
(y axis) seen by the “flagged” crystals versus time (x 
axis). As seen in Figure 1 (upper right), this represents 
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FIGURE 1. First pass technique. Upper left, series of images each composed of 1 second of data illustrating first pass transit of a bolus of technetium 
sequentially through the right ventricle (RV), lungs (L) and left ventricle (LV). Data codes from top to bottom beneath each picture are (1) record 
number; (2) total counts; (3) maximal number of counts seen by any single crystal; (4) start time in seconds after initiation of computer. Lower left, 
zone grid with preliminary flagging of the left ventricle. Upper right, a time-activity curve is then generated. As depicted in the time-activity histogram, 
the initial peaks and valleys (top panel) reflect anatomic overlap between the right and left ventricles. As a result of this overlap, the flags over 
the left ventricle “see” counts from the right ventricle. However, as the bolus passes through the lung fields (L), a plateau appears. This is followed 
(middie panel) by appearance of the isotope in the left ventricle and the characteristic high-frequency oscillations representing end-diastole (peak) 
and end-systole (valley). Lower right, time-activity curve after background subtraction. The calculated ejection fraction is 45 percent. Although 
this is strikingly similar to a left ventricular volume curve, considerable difficulties are inherent in determining absolute left ventricular volume from 


such data (see text). 
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the bolus modulation that occurs in the chamber of in- 
terest, for example, the left ventricle. It can be seen from 
this curve that there are differences from end-diastole 
to end-systole that reflect stroke counts. Stroke counts 
can be divided by end-diastolic counts, after appropri- 
ate background correction (see later), to determine 
ejection fraction (Fig. 1, lower right). Further computer 
analysis using summed series of beats, usually three to 
eight, provides a representative cycle that can be played 
in cine format for qualitative evaluation of wall motion. 
In addition, a computer-derived series of frames in- 
‘cluding end-diastole, end-systole, stroke volume and 
‘superimposed end-diastolic and end-systolic perimeters 
can be generated to evaluate wall motion further. 


Gated Equilibrium Studies 
— Limitations in count density attainable during the 
first pass of an isotope with a single crystal camera and 
the need to obtain a count density adequate to deter- 
mine accurately ejection fraction and wall motion led 
to the development of gated equilibrium radionuclide 
angiography. The need to count for several minutes 
requires that the isotope remain fixed within the vas- 
cular space. This is accomplished by several agents, the 
most common being technetium 99m-labeled human 
serum albumin or in vitro or in vivo labeling of red blood 
cells.!5 

After time is allowed for equilibration of isotope, the 
accumulation of counts is synchronized in relation to 
the portion of the cardiac cycle by using the R wave of 
the electrocardiogram as a physiologic marker. With 
current computers the R-R interval can be divided into 
as many as 100 equal divisions with the appropriate 
components of the R-R interval added by computer. 
Studies indicate that at rest, frame durations of 40 to 
50 ms have been found adequate!®!"; during exercise, 
shorter frame durations of 20 ms are preferred for 
analysis of other variables, such as ejection and peak 
filling rate.” Most systems require 6 or more minutes 
to obtain adequate counts for analysis of both ejection 
fraction and wall motion. Recent studies utilizing a high 
sensitivity collimator have found that a 2 minute 
counting interval is adequate for both ejection fraction'® 
and wall motion,!° although there is some loss of edge 
detection. Derived data are then computer-processed 
to determine the variables of left ventricular contraction 
as with first pass data. 


Comparison of First Pass and Gated Equilibrium 
Techniques 


Each of these techniques possesses characteristic 
advantages and disadvantages. With a first pass study, 
data collection is complete in the time it takes for a 
single transit, usually less than 30 seconds for most 
patients. This is of particular significance during in- 
terventions such as exercise in which a steady state is 
necessary. In addition, the sequential arrival of isotope 
in the right ventricle, lungs and left ventricle with re- 
sultant temporal separation permits selection of optimal 
views of the chambers, which otherwise would be lim- 
ited by anatomic overlap (see later). Analysis of lung 
flow is also possible to determine the presence or ab- 


sence of intracardiac shunts. However, this technique 
requires a system with high count characteristics and 
is dependent on obtaining a good bolus injection, which 
may at times be difficult or impossible, as in severe 
pulmonary hypertension or in the presence of severe 
tricuspid insufficiency. Moreover, each study requires 
a separate injection, thereby limiting the number of 
studies to three or rarely four injections because of cu- 
mulative radiation dose effect. In contrast, the gated 
equilibrium technique, with its single injection, permits 
repeat studies either in different projections or to assess 
the effect of an intervention. In addition, the need for 
bolus injection is eliminated, allowing the use of this 
technique in situations where a good bolus cannot be 
obtained. 

Problem of arrhythmias: Arrhythmias can signif- 
icantly affect the ability to perform and analyze either 
first pass or gated equilibrium studies. With a first pass 
study, an isolated ectopic beat that fortuitously occurs 
during the left ventricular phase may limit the number 
of beats available for analysis sufficient to require rep- 
etition of the study. In contrast, in gated equilibrium 
studies such occasional beats will be either eliminated 
by the computer or, if included, will have little effect in 
view of the large number of beats accumulated in the 
overall study. 

Persistent or severe arrhythmias, such as atrial fi- 
brillation or bigeminy, result in significant changes in 
left ventricular performance due to variations in the 
R-R interval. Thus, in such patients, the result obtained 
from either technique will depend on the R-R interval 
selected, longer R-R intervals being associated with 
improved ejection fraction. Wall motion would similarly 
depend on which beats were analyzed or the acceptance 
window (R-R interval) selected with the gated equi- 
librium technique. 


Ejection Fraction 


Methodologic Considerations 


Ejection fraction has been determined using area- 
length methods®29.2! similar to those utilized for con- 
trast ventriculography or count-based methods in- 
trinsically applicable to radionuclide angiogra-. 
phy.!314.22-28 Whereas area-length calculations require 
accurate determination of end-diastole and end-systole,.- 
this method largely avoids problems of background (see 
later) and can be used with either first pass or equilib- 
rium studies. However, as with contrast ventriculog- 
raphy, area-length calculations assume that the left 
ventricle conforms to an ellipsoid of revolution,” which 
limits its accuracy, particularly in the presence of re- 
gional asynergy, which is usually present in coronary 
heart disease. Moreover, overlapping of structures, such 
as the left atrium and aorta, can make difficult the ac- 
curate edge delineation of left ventricular end-diastolic 
and end-systolic silhouettes. 

Count-based technique: These limitations have led 
to the use of a computer-derived plot of change in 
counts from end-diastole to end-systole against time as 
the more commonly utilized approach to determine 
ejection fraction. The major advantage of this approach 
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is the relative independence of the time-activity curve 
from geometric assumptions inherent in the area-length 
technique. However, it should be noted that geometric 
assumptions are not completely eliminated. In partic- 
ular, care must be taken in assigning the appropriate 
end-diastolic region of interest. In addition, areas of left 
ventricle more distant from the face of the scintillation 
camera will contribute fewer counts due to absorption 
and scatter of the gamma radiation by blood and soft 
tissue. 

Background activity: The major limitation of the 
count-based technique involves appropriate correction 
for background activity. Background activity in a first 
pass or a gated equilibrium study results primarily from 
counts arising from outside the left ventricular chamber. 
In the first pass methed, background activity resides 
primarily in the lung fields and left atrium; with the 
equilibrium technique, isetope is also present in the 
right heart chambers. As seen in equation (ED, — B,) 
~ (ES, — B,)/(ED, — Be), where ED, = end-diastolic 
counts, ES, = end-systolic counts and Be = background 
activity, it is apparent that if one assumes that back- 
ground activity is stable from end-diastole to end-sys- 
tole, stroke count is not affected by background. How- 
ever, because end-diastole must be corrected for back- 
ground in the denominator, an accurate determination 
of background activity is essential in order to avoid 
varying degrees of underestimation of ejection fraction. 
` Despite these limitations, use of change in counts ap- 
_- pears to be the most appropriate radionuclide angio- 
_. graphic method for determining ejection fraction both 
_. for first pass and equilibrium radionuclide angiog- 
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FIGURE 2. Relation between ejection fraction (EF) determined with 
radionuclide angiography (RA) and contrast ventriculography in 42 
patiems. Radionuclide angiographic ejection fraction was determined 
using a count-based technique and a spatial background correction 
individually selected for each patient on the basis of analysis of the 
time-activity curve as well as correction for lung washout. CAD = 
coronary artery disease; RAO = right anterior oblique projection. 
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Numerous approaches to determining background 
activity have been utilized.” These have involved de- 
lineating (i) a “horseshoe”’-like area immediately sur- 
rounding the left ventricle, (ii) asmall zone in a lateral 
aspect, (ili) a zone demarcated by the difference in 
end-diastole and end-systole in gated equilibrium 
techniques,*° (iv) a phase selected by analysis of the 
time-activity that precedes arrival of radionuclide in the 
left ventricle due to temporal separation attained in the 
first pass technique,” (v) a flat background subtraction 
based on correlations with contrast ventriculography!4 
or (vi) a combination of a spatial correction based on 
analysis of the time-activity curve and, in addition, a 
correction for lung washout (Fig. 2). 


Correlations With Results of 
Contrast Ventriculography 


Several studies incorporating a wide spectrum of 
patients have correlated ejection fraction obtained by 
radionuclide angiographic techniques and that found 
on contrast ventriculography. When gated equilibrium 
studies were used, ejection fraction determined by the 
area-length method has shown correlation coefficients 
from 0.877% to 0.93.21 Others,!32223 using the com- 
puter-generated time-activity curve method, have found 
r values of 0.84 and £93. In a series of 30 patients, Fol- 
land et al.?! showed that ejection fraction derived from 
changes in counts was superior (r = 0.84) to that ob- 
tained by the area-length method (r = 0.73). Burow et 
al.? also found that computer-derived techniques were 
superior to manual approaches. In addition, preliminary 
data using gated equilibrium studies have indicated that 
data acquisition for 2 minutes is adequate for accurately 
determining ejection fraction.52 First pass techniques 
have also shown good r values from 0.8 to 0.95.13-14,24-28 
Examination of the regression plots reveals, however, 
that there is a tendency to underestimate higher ejection 
fractions and to overestimate lower ejection fractions, 
which must be considered when interpreting a radio- 
nuclide-determined ejection fraction. 

Folland et al.*! compared first pass and gated equi- 
librium methods with contrast ventriculography in the 
same group of patients. Ejection fraction determined 
by first pass had an r = 0.86 and that seen on equilibri- 
um studies had an r of 0.84 with contrast ventriculog- 
raphy. Similarly, Wackers et al.!° and Pfisterer et al.? 
found high correlations between first pass and gated 
equilibrium studies. In addition, Pfisterer et al. com- 
pared first pass and gated equilibrium determination 
of ejection fraction during exercise and found a corre- 
lation of 0.96. When radionuclide angiography was used, 
reproducibility of ejection fraction measurements on 
separate days has been found to be good. Marshall et 
aL!? found an average variation of 4.4 percent by first 
pass technique, whereas Wackers et al.'° found an av- 
erage variation of 4.3 percent by gated equilibrium 
methods. These findings are similar to those observed. 
with contrast ventriculography.*4 However, it was. also 
observed that if the initial ejection fraction was in the 
normal range, greater variability was seen.!?-3 This has 
important implications when assessing the effect of 
interventions such as exercise on ejection fraction. It is 
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of particular interest that Pfisterer et al.5° has found the 
response of ejection fraction to exercise in the supine 
position to be replicable. Thus, despite the potential 
methodologic limitations, impressive correlations have 
been obtained. 

Left ventricular volumes: Two basic approaches 
have been utilized to determine end-diastolic and 
end-systolic volume and thus stroke volume and cardiac 
output from radionuclide angiographic data. The first 
and most direct approach is essentially similar to the 
area-length method for determining ejection fraction 
(see earlier) and is highly dependent on spatial sepa- 
ration of chambers and accurate edge detection. A 

“modification of this approach uses the ejection fraction 
determined from the time-activity curve and end-dia- 
stolic volume determined by the area-length method to 
derive stroke volume.”° The latter reduces to some de- 
gree problems in assessing end-systolic volume by 
geometric assumptions. An alternative approach is 
based on the use of indicator-dilution theory, which 
states that if the concentration of an indicator, such as 
a radionuclide, and the administered dose are known, 
the volume of distribution, in this case the left ventricle, 
can be determined. In applying this approach to ra- 
dionuclide angiography, the counts at end-diastole and 
end-systole are taken to reflect the concentration in the 
left ventricle.2536 However, correction for administered 
dose and its volume of distribution is required. This can 
be obtained by calculating plasma volume? using ra- 
diolabeled albumin. In addition to the need for this 
sampling for plasma volume, other potential difficulties 
are apparent. As with determination of ejection fraction, 
background as well as differing degrees of attenuation 
of gamma radiation must be considered. Thus, while 
radionuclide angiography offers a potentially useful 
approach and a means of avoiding difficulties inherent 
in area-length calculations, problems must be overcome 
prior to its widespread application. 


Assessment of Left Ventricular Wall Motion 


< Although overall variables of left ventricular con- 
traction are of considerable value both prognostically 
and in assessing the effect of therapy, they may not re- 
flect significant regional abnormalities. This is espe- 
cially evident in the patient with coronary heart disease, 
in whom the regional nature of the coronary cbstructive 
disease process often results in a variety of segmental 
contractile patterns, including normal areas juxtaposed 
with a discrete aneurysm.3?38 Depending or the resul- 
tant effects on total left ventricular performance, an 
abnormality in global ejection fraction may or may not 
be seen. Therefore, for optimal sensitivity and clinical 
utility, radionuclide angiography should be able to de- 
lineate accurately regional wall motion abnormalities, 
to quantitate the degree of abnormality and to permit 
a determination to be made of the effect of interven- 
tions. 


Methodologic Considerations 


Several approaches have been utilized to evaluate 
segmental left ventricular contraction. These include 
a qualitative reading of the cine and a more quantitative 


approach using hand- or computer-drawn outlines. In 
addition, an approach that takes advantage of the 
ability to quantitate regional count changes using a 
computer is to determine a regional ejection fraction 
either as an absolute or relative value. 

Optimal projection and rotational factors: Several 
factors affect the accuracy of assessing segmental left 
ventricular contraction. The three dimensional nature 
of the left ventricle ideally requires obtaining multiple 
views in order to visualize all areas. The right and left 
anterior oblique and anterior views are most commonly 
utilized. The right anterior oblique view permits visu- 
alization of anterior, apical and inferior zones of the left 
ventricle. The anterior view has the advantage of better 
count characteristics compared with the right anterior 
oblique view; however, foreshortening is present so that 
the apex and inferior wall are suboptimally visualized. 
The left anterior oblique projection provides optimal 
delineation of the septum and posterolateral zones. 

Cohn et al.,4 using contrast ventriculography, found 
the right anterior oblique projection superior to the left 
anterior oblique projection in detecting left ventricular 
asynergy. In 50 patients, both views accurately detected 
normal contraction in 15 and asynergy in 25. However, 
in 10 patients, while the left anterior oblique ventricu- 
logram appeared normal, the right anterior oblique 
ventriculogram revealed segmental asynergy involving 
the inferior wall in 5, the anterior or apical segment in 
3 and both anterior and inferior segments in 2 pa- 
tients. 

In a study in our laboratory, the usefulness of the 
right anterior oblique and left anterior oblique projec- 
tions in detecting asynergy in zones of left ventricle 
supplied by the left anterior descending artery was 
evaluated. Of 45 patients, 18 had normal wall motion 
seen in both right anterior (anterior and apical seg- 
ments) and left anterior oblique (interventricular sep- 
tum) projections. Twenty-seven patients had asynergy 
in the left anterior descending arterial distribution, as 
seen in the right anterior oblique view, nine of these 
segments were considered normal in the left anterior 
oblique view. In addition, in the left anterior oblique 
view, the overlap of the inferior wall and apex as well as 
the anterior wall and septum further interfered with 
clear delineation of these areas. This has particular 
significance in assessment of a ventricular aneurysm, 
where a clear delineation of each zone is necessary. 

Anatomic overlap of cardiac chambers: In the first 
pass technique, the time required for isotope to pass 
through the lung fields and into the left ventricle results 
in a temporal separation so that during the left ven- 
tricular phase, isotope is no longer present in the right 
ventricle (Fig. 1). This, to a considerable extent, elimi- 
nates the problem of anatomic overlap of right and left 
ventricular chambers in the right anterior oblique view. 
However, to the degree that the left atrium and aorta 
overlap the left ventricle, some interference in the in- 
ferobasal and anterobasal segments is still possible. In 
contrast, in gated equilibrium radionuclide angiogra- 
phy, isotope is present simultaneously in the right and 
left ventricles without a temporal separation between 
chambers. Therefore, the left anterior oblique view, 
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FIGURE 3. Normal ventricular wall motion. Left, su- 
perimposed radionuclide angiographically derived 
end-diastolic and end-systolic perimeters showing 
normal left ventricular segmental wall motion. Right, 
superimposed outline of diastolic and systolic phases 


of left ventricular contraction based on contrast L/ 


ventriculography in the same patient (reproduced by 
permission, from Bodenheimer et al.'*). Arrows show 
movement from end-diastole to end-systole. 


often modified with a caudad tilt to permit anatomic 
separation of these two chambers, is commonly used 
with this technique. 

Accurate edge detection: Edge detection is fun- 
damental to any assessment of wall motion. In contrast 
ventriculography, the use of selective injections into the 
left ventricle markedly enhances edge detection by 
avoiding overlap of opacified chambers. On the other 
hand, in radionuclide angiography, the presence of 
isotope in cardiac and noncardiac structures that 
overlap the chamber of interest (that is, the left ven- 
tricle) interferes with clear delineation of its wall mo- 
tion. The higher this background activity, the less ac- 
curate is edge detection. It has been estimated that 
during first pass of an isotope through the heart, back- 
ground activity constitutes 35 percent of the total 
counts,!? whereas with the gated equilibrium technique 
this averages 72 percent.” Further interfering with edge 
detection is uncertainty as to the effect of rotation 
during cardiac contraction. Thus, view selection and 
technique are important considerations in performance 
of radionuclide angiography. 


Clinical Applications 


Detection of discrete versus diffuse asynergy: 
One of the earliest uses of radionuclide angiography was 
to categorize patients with a history of myocardial in- 
farction and congestive heart failure into those with 
diffuse asynergy and those with a discrete aneurysm 
amenable to surgical resection.&920 Rigo et al.,2° using 
the gated equilibrium technique and a right anterior 
oblique projection, accurately detected 11 of 13 patients 
with a discrete aneurysm and 9 of 9 with diffuse left 
ventricular involvement. Dymond et al.,?8 using a first 
pass technique in 18 patients with an old anterior 
myocardial infarction, were able to distinguish 14 pa- 
tients with a discrete aneurysm from 4 with diffuse 
hypokinesia. Other studies have similarly found a good 





correlation between wall motion determined by either 
gated equilibrium”! or first pass methods. 12-1425 

Determination of location and severity of asyn- 
ergy: Several methods have been employed to quanti- 
tate asynergy. Inaccuracies are inherent in most of 
these*39 and apply to both contrast and radionuclide 
angiography. Most are related to motion of the heart as 
a whole, causing difficulties in appropriately diagnosing 
end-diastole and end-systole. 

An early approach to quantitating radionuclide 
studies involved hand-drawn tracings of end-diastole 
and end-systole with analyses similar to those used in 
contrast ventriculography.® Studies in our laboratory!4 
have used computer-superimposed images of end- 
diastole and end-systole, which are analyzed using a 
hemiaxial approach (Fig. 3 and 4). 

In this technique, the computer-derived images of 
end-diastole and end-systole are each individually 
processed by the computer. Because each image is 
spatially fixed according to the position of the heart at 
that instant, the addition of the end-diastolic and 
end-systolic image represents their spatial location. We 
have not attempted to correct for rotation using this 
technique. 

With this method, we have been able to separate 
normal from abnormal segmental motion in different 
areas of the left ventricle and to delineate a normal 
range. It became apparent, however, that the extent of 
contraction was different as seen on contrast ventricu- 
lography and radionuclide angiography (Table I). Thus, 
for example, motion of the normal apex was found to be 
far greater with radionuclide angiography!4 compared 
with contrast ventriculography, emphasizing the need 
to identify the normal contraction pattern for radio- 
nuclide angiography. Once this range is defined, an 
excellent relation exists between the delineation of 
normal segmental motion by radionuclide angiography 
and that found on contrast ventriculography. In a series 
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FIGURE 4. Ventricular asynergy. Comparison of ra- 
dionuclide angiographic end-diastolic and end-systolic 
perimeters in the right anterior oblique view (left) with 
contrast ventriculographic wall motion analysis (right). 
Segmental akinesia of the anterior segment and 
dyskinesia of the apical segment with preservation 
of inferior and anterolateral wall motion (arrows) are 
clearly depicted by both techniques (reproduced by 
permission, from Bodenheimer et al.'4). Arrows show 
wall motion from end-diastole to end-systole. 


of 34 patients with normal findings as assessed with 
cardiac catheterization results of radionuclide angiog- 
raphy were normal in 94 percent.*° 

The presence and severity of asynergy depicted on 
radionuclide angiography also correlated well with 
those findings on contrast ventriculography. Asynergy 
in the anterior or inferior zones corresponded closely 
with contraction abnormalities seen on the contrast 
ventriculogram in our studies as well as in others.!2:21,2 
Rarely, however, a small discrete area of apical asynergy 
visualized on contrast ventriculography will not be de- 
tected with radionuclide angiography. We have noted 
this in three patients among several hundred patients 
in our experience. However, to date all large anterior 
and apical akinetic and dyskinetic zones have been well 
demarcated with respect to both location and severity 
(Fig. 4). 

Another region that may be suboptimally seen is the 
inferior segment. Although an excellent correlation 
between contrast ventriculography and radionuclide 
angiography was seen in the majority of patients, some 
patients with distinct inferior wall akinesia seen on 
contrast ventriculography will show normal motion in 
the radionuclide angiogram. Although the reason for 
this difference is unclear, it may relate to the presence 
of simultaneous mitral regurgitation (as was seen in one 
patient) or rotational motion of the heart, which may 
give the impression of motion that cannot be accurately 
delineated with the less rapid framing of radionuclide 
angiography. It is also conceivable that counts arising 
from the inferior wall are attenuated compared with 
those of the anterior and apical walls. 

An alternate form of analysis is to determine re- 
gional ejection fraction using a count-based method 
similar to that employed for global ejection fraction.41*% 
In this technique, the change in counts for a given area 
of the left ventricle can be assessed by computer and 
used to quantitate the contribution of different areas 





of left ventricle to ejection fraction. This technique has 
been utilized in our laboratory to evaluate response of 
left ventricular contraction to exercise. We have found 
that a 25 percent difference in counts between anterior 
and inferior areas represents an abnormality and is 
represented by a 4 color shift on our 16 color scale. This 
method has its inherent limitations, including the needs 
for accurate background subtraction and accurate edge 
detection as well as the inability to evaluate very small 
areas of left ventricle because of limitations in resolution 
and counts. 

Intervention radionuclide angiography: In recent 
years, the concept of left ventricular contraction as a 
dynamic process has gained increasing acceptance.*® 
Several studies have shown that at times asynergy can 
be elicited or worsened by exercise*4~*” or other ma- 


TABLE | 


Assessment of Severity of Segmental Asynergy by 
Radionuclide Angiography (mean + SEM) 





Radionuclide Angiography 
(% shortening) 
Contrast 
Angiography 


Normal (8 patients) 
(25 percent or greater 
hemiaxis shortening) 
Asynergy (22 patients) 
Hypokinesia (25 20.1 + 5.2 11 (1) 
percent or less (7)** 
hemiaxis shortening) 
Akinesia/dyskinesia 40+ 4.0 10.4 £7.3 TS LHE] 
(5 percent or (4) (5) (8) 
less hemiaxis 
shortening) 


Anterior 


70.1 + 9.6 


Apical Inferior 


48.3 +7.3 62.2 6.9 


17.2 £6.5 
(5) 


* Figures in parentheses indicate number of segments. 
t p <0.005 compared with normal values. 

+ p <0.05 compared with hypokinetic segment. 

SEM = standard error of the mean. 
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FIGURE 5. Nitroglycerin radionuclear angiography. Computer-super- 
imposed end-systolic image with the end-diastolic perimeter (left) and 
computer-superimposed end-diastolic (white) and end-systolic (red) 
perimeters (right) before (C) and after nitroglycerin (N). A large zone 
of anterior hypokinesis and apical akinesis is seen in the control imaging 
(C). After nitroglycerin (N), marked improvement of contraction of the 
anterior zone is seen with persistence of a small area of apical akinesia. 
Color code includes 16 colors from black through green, blue, red, 
yellow and white. Each color represents a 6.25 percent range. The 
colors are distributed normalized to the crystal with the greatest number 
of counts in that given frame of data. 





FIGURE 7. Handgrip radionuclear angiography (format similar to that 
of Figure 5). A normal contraction pattern is seen at rest (C); however, 
a second angiogram during handgrip (HG) exercise shows anterior and 
apical asynergy (hypokinesia). 





FIGURE 6. Nitroglycerin radionuclear angiography (format similar to 
that in Figure 5) in a patient with severe angina referred for evaluation 
after having been rejected for coronary arterial bypass grafting because 
of poor left ventricular function including severe anterior and inferior 
asynergy at catheterization. A, control angiogram reveals asynergy. 
B, after administration of nitroglycerin there is marked improvement 
of motion in both anterior and inferior zones. C, Follow-up study after 
coronary bypass reveals normalization of anterior and inferior con- 
traction. 


neuvers*® or, conversely, reversed by nitroglycerin*? or 
postextrasystolic potentiation.®°.5! These observations 
have led to the increasing use of intervention ventric- 
ulography to delineate more fully the true contraction 
pattern of the left ventricle. 

The approach that has evolved in our laboratory is 
to assess initially left ventricular contraction at rest. If 
a contraction abnormality is present, a nitroglycerin 
radionuclide angiogram is obtained. In contrast, if wall 
motion appears normal on initial study, radionuclide 
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angiography during stress is performed. This technique 
has also been increasingly utilized to assess response of 
left ventricular contraction in various settings.5?°6 
Assessment of reversible asynergy: In recent years, 
techniques have been developed to determine whether 
an abnormally contracting segment of left ventricle is 
composed of viable, albeit ischemic, cardiac muscle or 
nonviable or fibrotic tissue.4®57-59 Studies in our labo- 
ratory*?°9 have shown that an abnormal contracting 
zone that shows improvement after the administration 
of sublingual nitroglycerin is composed of viable cardiac 
muscle (Fig. 5). Intraoperative studies utilizing 
transmural biopsy specimens of the left ventricle and 
epicardial electrographic recordings have shown that 
asynergic zones that improved after administration of 
nitroglycerin were composed of histopathologically 
normal myocardium. In contrast, zones that did not 
respond to nitroglycerin consisted substantially of fi- 
brotic tissue. Recent studies®°.*! have confirmed the 
value of nitroglycerin ventriculography in assessing 
potential improvement of an asynergic zone. 
Recently,°? radionuclide angiography with nitra 
glycerin has been used to detect the presence of re- 
versible asynergy. The technique involves recording a 
baseline radionuclide angiogram followed by adminis- 
tration of sublingual nitroglycerin sufficient to produce 
a decrease in systolic pressure. A second radionuclide 
angiogram is then obtained. The control and nitro- 
glycerin radionuclide angiograms can be compared both 
qualitatively and quantitatively to assess changes in 
asynergic segmental contraction. Using this approach, 
we have been able to identify patients who appear to 
have severe asynergy, yet who have viable myocardium 
with potential for functional improvement. Figure 6 
illustrates radionuclide angiograms in a patient who 
demonstrated anterior and inferior wall akinesia and 
who responded to nitroglycerin with resulting im- 
provement of segmental wall contraction. After coro- 
nary arterial bypass surgery, contraction of both the 
anterior and inferior walls was normalized. 
Radionuclide angiography at rest and during 
exercise to detect coronary heart disease: Experi- 
mentally, one of the earliest measurable responses to a 
reduction in coronary blood flow is appearance of a 
contraction abnormality in the subserved segment of 
left ventricle. Only later is this followed by the ap- 
pearance of S-T segment abnormalities. Clinically, 60 
to 70 percent of patients with angiographic evidence of 
coronary artery disease have abnormalities of left ven- 
tricular contraction at rest. Presumably, the absence of 
asynergy in the remaining patients implies adequate 
oxygen supply at rest. When oxygen demand is suffi- 
ciently increased, ischemic dysfunction and asynergy 
result. This concept led to evaluation with radionuclide 
angiography of left ventricular contraction both at rest 
and during exercise to detect coronary heart disease. 
Borer and coworkers®2-® initially described the use 
of radionuclide determination of ejection fraction and 
wall motion at rest and during bicycle exercise. They 
found that the normal response was an increase in 
ejection fraction. In contrast, patients with coronary 


heart disease showed a decrease or no significant change 
in ejection fraction or new wall motion abnormalities, 
or both. All 47 patients with coronary artery disease 
exhibited this abnormal response. In a more recent re- 
port these investigators® found a sensitivity of 95 per- 
cent in a series of 63 patients with coronary heart dis- 
ease. Rerych et al.” reported a similar high sensitivity 
using bicycle exercise and first pass radionuclide angi- 
ography in a series of 30 patients with coronary heart 
disease. 

Berger et al. examined the interrelation among 
changes in ejection fraction, wall motion and ischemic 
S-T segment responses during bicycle exercise. Overall, 
they found that 48 of 60 patients with coronary heart 
disease showed either an abnormal ejection fraction 
response (decrease or no significant change) or a wall 
motion abnormality with exercise. Of 30 patients in 
whom an ischemic response developed as indicated by 
S-T segment depression, all showed either a decrease 
or no increase in ejection fraction. Of the remaining 30 
patients, in whom an abnormal S-T response did not 
develop, 15 had normal left ventricular contraction at 
rest and the stress test had to be discontinued because 
of fatigue, with only 7 patients demonstrating abnormal 
left ventricular reserve. The other 15 patients had ab- 
normal left ventricular function at rest; after exercising 
to fatigue, 11 were found to have abnormal left ven- 
tricular reserve despite a negative S-T segment re- 
sponse. 

It thus appears that detection of abnormalities in left 
ventricular contraction at rest or during exercise is of 
considerable value in diagnosing coronary heart disease. 
Such abnormalities can be detected prior to the occur- 
rence of S-T segment abnormalities®® and may be seen 
in patients with a normal electrocardiogram.© However, 
the interpretation of a normal response to a suboptimal 
exercise level is currently unclear. Although this pro- 
cedure clearly represents an improvement in the de- 
tection of coronary heart disease in such patients, the 
disease will not be discovered in a significant number 
of subjects.6* Thus, an important aspect of this form of 
testing is to attain adequate levels of stress. 

Isometric handgrip exercise test: The rapid data 
acquisition possible during first pass radionuclide an- 
giography permits use of alternate forms of stress such 
as isometric handgrip exercise*!*? (Fig. 7). Isometric 
exercise has been demonstrated to induce abnormalities 
in left ventricular function*® and has the advantages of 
ease and rapidity of performance and elimination of 
motion artifact, because the patient lies supine. In ad- 
dition, the simplicity of the test results in the successful 
completion of exercise in essentially all patients we have 
studied. The major theoretical disadvantage of this form 
of stress lies in the fact that the increase in myocardial 
oxygen consumption is less than it is with isotonic ex- 
ercise.®’ In view of the relatively small changes in ejec- 
tion fraction induced by handgrip analysis, we analyzed 
wall motion and a computerized assessment of regional 
ejection fraction.*? By means of this approach, coronary 
heart disease was detected by wall motion analysis in 
68 percent of patients and by the regional ejection 
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fraction method in 91 percent. This was accomplished 
with a high degree of specificity. Thus, exercise radio- 
nuclide angiography prevides a promising new approach 
to assessment of the patient with suspected coronary 
heart disease. 

Assessment of myocardial infarction: In the pa- 
tient with an acute myocardial infarction, radionuclide 
angiography can be used to assess the extent and se- 
verity of the resultant contraction abnormality as well 
as overall ventricular function. Rigo et al.® evaluated 
38 patients with an acute myocardial infarction, 36 of 
whom showed an akinetic zone ranging from 15 to 59 
percent of the left ventricular wall consistent with the 
electrocardiographic site of infarction. Similarly, 
Schad® demonstrated wall motion abnormalities in the 
electrocardiographically demarcated site; however, this 
investigator noted that the asynergy varied in se- 
verity. , 

The ability to evaluate serially patients with an acute 
myocardial infarction®®.0-® also allows for a determi- 
nation of the natural history of the acute infarct zone 
as well as its responsiveness to interventions. Rigo et 
al.®° restudied 20 patients between 1 week and 3 months 
after an acute infarction and found that 14 patients 
whose course was uncomplicated or who had clinical 
improvement during hospitalization showed an im- 
provement in ejection fraction. In contrast, of six pa- 
tients with severe symptoms and no clinical improve- 
ment, ejection fraction remained unchanged. Similarly, 
Schelbert et al.”° showed that ejection fraction may ei- 
ther increase or remain unchanged over time, whereas 
Reduto et al.," in a study of 31 patients with uncom- 
plicated myocardial infarction studied serially, found 
no significant differences in wall motion or ejection 
fraction as a function of time. 

Using first pass radionuclide angiography, we” have 
studied 23 patients with an acute transmural myocar- 
dial infarction. All 23 showed asynergy in the zone 
corresponding to that seen in the electrocardiogram. Of 
particular interest was the finding that after adminis- 
tration of sublingual nitroglycerin, improved contrac- 
tion in the asynergic zone was seen in 20 of 23 patients 
In contrast, no significant improvement was seen in a 
separate group of 16 patients with an old infarction. 

In a subsequent study,” 16 patients with an acute 
transmural myocardial infarction were serially evalu- 
ated within 24 hours of the onset of pain and after 5 to 
7 days and after 4 to 6 weeks. Like Reduto et al.,7! we 
found no significant change in the asynergic zone among 
the three studies. However, somewhat surprisingly, after 
administration of sublingual nitroglycerin, we found 
improvement in segmental contraction in 12 of 16 pa- 
tients in the initial study and a somewhat lesser im- 
provement in the majority of patients at 5 to 7 days. 
Restudy”? 4 to 6 weeks after infarction showed no sig- 
nificant improvement in contraction of the infarcted 
area after nitroglycerin administration. Thus, radio- 
nuclide angiography provides a useful new means of 
evaluating the extent and severity of the contraction 
abnormality resulting from an acute myocardial in- 


farction and the overall ejection fraction and, in addi- 
tion, of determining the responsiveness of the infarct 
zone to interventions. 


Future Directions and Clinical Implications 


The future role of radionuclide angiography will be 
determined by (1) the definition and refinement of its 
uses, limitations and relative advantages and disad- 
vantages compared with those of other noninvasive 
methods, and (2) the development and cost of newer 
imaging devices (currently a computerized scintillation 
camera costs approximately $150,000 te $180,000) and 
radiopharmaceutical agents. On the basis of current 
technology, although minor modifications will appear, 
there is urgent need for better delineation of the accu- 
racy of radionuclide angiography compared with other 
techniques such as two dimensional echocardiography 
in evaluating left ventricular function at rest and par- 
ticularly during interventions. In addition, the diag- 
nostic sensitivity and specificity of stress radionuclide 
angiography in deteetion of coronary heart disease must 
be systematically compared with thallium-201 myo- 
cardial perfusion imaging to provide guidelines in se- 
lecting the appropriate study.74-77 The optimal 
stress’*9 and projection used, the prognostic impor- 
tance and the utility in screening asymptomatic indi- 
viduals all require further study. Indeed, it is conceiv- 
able that differing modes of stress may be required, 
depending on the clinical setting. 

Newer computer techniques: From a technologic 
standpoint, the increasing availability of computer ca- 
pability at relatively low cost and the development of 
new collimators have led to preliminary work on planar 
tomography with current generation scintillation 
cameras and modified computer software? This 
technique can potentially provide increased reliability 
in assessing zonal contraction because of improved edge 
detection, which is partly achieved by reducing prob- 
lems of background activity. Another approach to as- 
sessing zonal contraction relies on computer analysis to 
dissect out the sequence of contraction of differing areas 
of myocardium.*! This approach requires high framing 
rates with maintenance of good count characteristics, 
which is currently difficult because of technical limi- 
tations. However, this technique may permit detection 
of asynchronous contraction, thus providing a more 
sensitive means of detecting contraction abnormalities 
in a way similar to that used in contrast ventriculog- 
raphy.?9 

Newer imaging devices: Development of solid state 
imaging devices would effect a major improvement in 
beth count characteristics and resolution resulting in 
a significant increase in usefulness of these techniques. 
A newer imaging device, the multiwire proportional 
chamber, awaits the development of new low-energy 
isotopes that would permit its use. In general, other 
improvements in radiopharmaceutical agents would be 
of value, such as a generator that produces an isotope 
with a short half-life, with resultant lower background 
and less radiation burden to the patient. 
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Clinical implications: The evaluation of current 
technology and available data permits several clinically 
relevant conclusions. Radionuclide angiography, by its 
ability to determine both global and regional left ven- 
tricular function, provides a reliable noninvasive means 
to aid in diagnosis, assess prognosis and guide therapy. 
In particular, radionuclide angiography is of consider- 
able clinical value for the following: (1) evaluating left 
ventricular contraction (for example, detection of dis- 
crete versus global inoperable asynergy); (2) deter- 
mining the effect of interventions (for example, detec- 
tion of reversible asynergy, with its therapeutic impli- 
cations); and (3) eliciting asynergy or an ejection frac- 


tion abnormality, or both. Radionuclide angiography 
may also prove to be a useful means of assessing the size 
and course of an acute myocardial infarction. Moreover, 
its capability of providing serial studies of left ventric- 
ular contraction affords a method of assessing both the 
natural history of and the effect of differing therapies 
on a wide variety of cardiac diseases. 
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Since its introduction, thallium-201 has become the agent of choice in 
the clinical assessment of relative myocardial perfusion. Extensive 
evaluation has shown that it is of particular value in the diagnosis of 
coronary heart disease in patients with baseline S-T segment abnor- 
malities or an inadequate heart rate response resulting in an inconclusive 
exercise electrocardiographic response. in addition, thallium-201 imaging 
is of value in the patient with a suspected false positive stress. test: 
however, the definite incidence of false negative studies in patients with 
coronary heart disease tempers complete reliance on this approach. In 
the patient with a diagnostic exercise electrocardiographic stress test, 
thallium-201 provides limited additional information. Moreover, current 
techniques of analysis do not permit assessment of the number of coronary 
arteries with obstructive lesions. 

In the setting of acute myocardial ischemia, the role of thallium-201 
is less clear. In acute myocardial infarction, the significant incidence of 
faise negative responses combined with a multiplicity of potential causes 
of resting defects including severe but chronic coronary disease or un-_ 
stable angina limits its diagnostic value. 


Thallium-201 myocardial perfusion imaging is currently the most 
commonly used diagnostic radionuclide procedure in patients with 
suspected or proved heart disease or myocardial ischemia. Since its in- 
troduction as a means of assessing relative myocardial perfusion,!2 
thallium has been in progressively widespread clinical use and has re- 
placed other agents, including potassium-43, rubidium-81, and ce- 
sium-129. This widespread use is based on its relatively favorable ra- 
diopharmaceutical characteristics, including its reasonably long shelf 
life and suitability for imaging with current scintillation cameras, al- 
though the cost of the isotope (approximately $100 per patient) is con- 
siderable. The purpose of this review is to assess the uses and limitations 
of thallium-201 perfusion imaging in the diagnosis of the acute and 
chronic manifestations of coronary heart disease. 


Theoretical Considerations 


Thallium-201 is a potassium analog with a physical half-life of 73 
hours. It is rapidly extracted by normally functioning myocardial cells, 
most probably by membrane adenosine triphosphatase. Estimated whole 
body exposure is 70 mrad/mCi! with a renal dose of 520 mrad/mCi.2 
Although similar to potassium in many regards, significant differences 
have been reported. Potassium-43 is characterized by a shorter half-life 
(22 hours), a higher radiation exposure of 700 mrad/mCi? and a shorter 
myocardial half-life, thereby limiting the number of views obtainable. 
In addition, thallium images provide better definition of experimental 
myocardial lesions.* 
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Factors affecting myocardial distribution of 
thallium: To understand better the uses and limitations 
of thallium in various clinical settings, several factors 
that affect the myocardial distribution of the isotope in 
the resting state must be considered. Concentration of 
thallium is determined by several factors: (1) the 
amount of isotope delivered by coronary flow, (2) 
myocardial uptake, and (3) the rate of myocardial iso- 
tope efflux. 

Experimental studies® have shown that initial 
myocardial extraction of thallium is rapid with a net 
positive arteriovenous difference lasting for 8 minutes 
after injection. The arteriovenous difference then be- 
comes negative, indicating a net loss of thallium from 
the myocardium.‘ Strauss et al. demonstrated that 
thallium distribution accurately reflects myocardial 

-perfusion in the normal heart as well as in hearts with 
partial and total coronary occlusion. Similarly, Selwyn 
et al.” in a series of animal studies produced graded re- 
duction in coronary flow and measured myocardial 
perfusion with thallium-201 and krypton-81m. The 
presence of ischemia was determined by S-T segment 
displacement in epicardial electrograms. Reduction in 
coronary flow sufficient to be detected with krypton but 
not with thallium was not associated with epicardial S-T 
segment abnormalities, suggesting that small decreases 
in flow will not be detected, presumably because of 
persistence of normal cell membrane function. However, 
if the reduction in coronary flow resulted in epicardial 
S-T segment elevation or depression, an abnormality 
in myocardial perfusion was detectable with thallium.” 
In addition, when myocardial creatine kinase was de- 
termined as an index of myocardial ischemia, a good 
relation was found with thallium scans. However, ex- 
perimental data® show that thallium is not released 
from-ischemic myocardium. 

Nevertheless, although thallium content is reduced 
in an area of experimental infarction, it may still be as 
high as 86 percent in the nonischemic zone.® This rela- 
tively small difference would significantly affect the 
ability to detect a perfusion deficit with currently 
available imaging systems. Further complexities are 
introduced by evidence that thallium distribution is not 
fixed. Thus, serial sampling or repeated imaging of 
myocardium reveals that redistribution of thallium is 
not infrequent.!° 

With regard to the effect of coronary occlusion and 
reperfusion on myocardial thallium distribution, 
Pohost et al.!° found that myocardial blood flow mea- 
sured with thallium correlated well with radioactive 
microsphere measurement (r = 0.95); moreover, after 
20 minutes of coronary reperfusion, thallium activity 
increased markedly, reflecting the enhanced myocardial 
flow and not the original distribution. Reperfusion had 
no significant effect on microsphere distribution. In a 
study by Schwartz et al.® initial thallium distribution 
in an ischemic area was 5.5 percent of that in the non- 
ischemic myocardium, whereas 5 minutes after reper- 
fusion, thallium activity increased to 44 percent and 
further to 69 percent at 15 minutes, reaching a plateau 
at this level during the remaining period of observation. 


The mechanism underlying this redistribution appears 
to be a combination of uptake of thallium from the 
blood pool by the previously ischemic zone and a loss 
from the nonischemic area of isotope, which has an es- 
timated biologic half-life of 4.5 to 7 hours.*!° The re- 
sulting image thus represents the net effect of thallium 
uptake by the previously ischemic zone and loss from 
the nonischemic zone.!! An additional consideration is 
the possible contribution of collateral flow. 

It appears, however, that thallium uptake depends 
on the integrity of myocardial cell function (in par- 
ticular, that of membrane adenosine triphosphatase). 
Thus, during administration of thallium, a transient loss 
of cell function results in a perfusion defect, as, for ex- 
ample, one caused experimentally by occlusion or 
clinically by exercise-induced or resting ischemia. Upon 
relief of the ischemia, cell function is restored and the 
defect is no longer seen on later scans. On the other ` 
hand, if the failure of uptake is a result of irreversible - 
injury or scar, then the defect will persist. Although 
these data emphasize the effect of cell ischemia on ex- 
traction of thallium-201, Gewirtz et al. showed exper- 
imentally that thallium is not lost more rapidly from a 
zone made ischemic after administration of thallium. 

The size of the involved area of myocardium, 
whether comprised of ischemic tissue or scar, or both, 
will determine the presence or absence of a defect in 
the thallium image. Experimental studies by Mueller 
et al.!2 showed that a minimum of 5 g of myocardium 
must be involved in abnormal thallium uptake for a 
defect to be visualized on a thallium image. Clinically, 
Niess et al.43 demonstrated that generally 6 percent or 
more of the left ventricle must be involved to be de- 
tected on a thallium study at rest. In addition, anterior 
defects are more easily and accurately detected than 
either inferior or posterolateral defects. 


Technical Considerations 


Thallium imaging after exercise: The utility of 
thallium-201 imaging in detecting coronary heart dis- 
ease has been extensively evaluated.'4-*! Although 
thallium imaging at rest has occasionally been used,” 
its sensitivity is markedly enhanced when performed 
with exercise, as initially demonstrated by Zaret et al.” 
using potassium-43. The technique currently employed 
involves a single standard symptom-limited maximal 
exercise test with intravenous administration of 1.5 to 
2.0 mCi of thallium-201 at peak exercise, which is then 
continued for an additional 60 seconds. The electro- 
cardiogram and blood pressure are recorded as for 
routine exercise testing both during and after exercise. 
Within 5 to 10 minutes of completion of exercise imag- 
ing is begun in multiple views that include anterior and 
left anterior oblique projections. The need to begin 
imaging rapidly requires that exercise be performed 
near the detector. 

Thallium combined with dipyridamole vasodi- 
lation: Whereas most studies have employed the 
technique just described, another approach has been to 
induce pharmacologically changes in coronary blood 
flow.24-26 Experimental studies have shown that phar- 
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macologic vasodilation can be utilized to detect areas 
of decreased perfusion.?4?5 Presumably the relatively 
high flow induced by vasodilation in normal areas 
coupled with a lesser amount of thallium delivered to 
the area subserved by an obstructed vessel will result 
in a disparity in relative flow and thus a perfusion de- 
fect. Using this approach, Albro et al.?6 compared 
resting and exercise thallium imaging with thallium 
combined with dipyridamole, a potent coronary vaso- 
dilator. Sensitivity was identical for exercise thallium 
and thallium imaging during administration of dipy- 
ridamole (67 percent). Similarly, in 11 normal patients, 
one false positive result occurred with each approach. 
Thus, this technique may be of potential value in the 
patient who cannot perform adequate exercise. 
Tomographic imaging: Vogel et al.” recently re- 
ported the use of a seven pinhole collimator that permits 
tomographic imaging and gives the theoretical advan- 
tage of reducing superposition of cardiac walls, thereby 
providing better segmental analysis. This type of col- 
limator, although originally designed for wide-field- 
of-view Anger cameras, is now being adapted to con- 





FIGURE 1. Top, normal thallium-201 myocardial perfusion scan in the 
anterior (AP) and left anterior oblique (LAO) projections obtained im- 
mediately after exercise. Color scale ranges from black (lowest level) 
through shades of green, blue, purple, red, yellow and white repre- 
senting crystals with the greatest number of counts. Top, color images 
are displayed as a 16 color isocount, smoothed image after background 
subtraction of 39 percent determined by use of a count profile. Bottom, 
black and white images are similarly displayed smoothed after a 
background subtraction of 39 percent. 


ome ve mL. 


ventional Anger cameras. The images can then be 
evaluated qualitatively and quantitatively using cur- 
rently available computers that can be reprogrammed 
to facilitate this type of study. In an initial comparison 
with conventional imaging, tomographic imaging 
showed an improvement in sensitivity with similar 
specificity for coronary heart disease. However, a pre- 
liminary assessment of its ability to quantitate the 
number of obstructed coronary arteries was less prom- 
ising.?8 Thus, further work will be required to determine 
the optimal use of this device. 

Computer-assisted analysis of thallium images: 
A recent cooperative multicenter study indicates that 
a wide variety of current generation imaging devices are 
equally capable of providing high quality thallium im- 
ages.!8 Interobserver variability has ranged from 14 to 
21 percent!415 for analysis of resting and exercise im- 
ages. However, computer-assisted analysis of the thal- 
lium images is being increasingly used to obtain more 
objective diagnostic information, to improve detection 
and to compare studies (Fig. 1). Although varying to 
some extent depending on the system utilized, all 
computer methods rely on obtaining a count pattern 
representative of a given area of the heart. This permits 
establishing a normal range, which can then be used to 
assess significance of count differences between zones, 
allowing consistent interpretation. Berger et al.29 
showed that such computer-processed images were es- 
sential for diagnosis in 20 percent of patients and en- 
hanced visual certainty in an additional 20 percent. A 
quantitative approach was of particular value in diag- 
nosing inferior and nontransmural myocardial infarc- 
tions.2? Other investigators!9?!30.31 similarly found 
quantitative techniques to be of value. However, this 
count pattern does not represent absolute myocardial 
flow. Rather, the count distribution (with or without 
background subtraction) provides a measure of the 
relative distribution of counts and thus only indirectly 
allows relative myocardial blood flow to be estimated. 
This has important implications for the detection of 
multivessel coronary heart disease (see later). 


Chronic Coronary Heart Disease 


A patient with chest pain presents the physician with 
the diagnostic problem of deciding whether the cause 
is coronary heart disease and, if so, its severity. Although 
at times the patient’s history may be conclusive, it is 
often equivocal. Similarly, although the resting or ex- 
ercise electrocardiograms are of value they have sig- 
nificant limitations in sensitivity and specificity. 
Moreover, neither clinical nor electrocardiographic 
findings are helpful in determining the number of cor- 
onary arteries with obstructive lesions and the associ- 
ated prognostic and therapeutic implications. Most of 
the studies assessing the clinical usefulness of stress 
thallium imaging in this setting have compared it with 
stress electrocardiography. As indicated later, it has 
been found that thallium imaging generally is a some- 
what more accurate study than the stress electrocardi- 
ogram and has particular usefulness in certain patient 
subsets. 
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Detection of Chronic Coronary Heart Disease: 
Comparison of Stress Electrocardiography and Stress 
Thallium Imaging 


Most of the studies evaluating stress thallium imaging 
have compared it with simultaneously performed 
electrocardiography in patients undergoing coronary 
< arteriography (Table I). The largest report to date is a 
multicenter cooperative study!® involving 190 patients, 
of whom 42 had angiographically nonobstructive coro- 
nary lesions (less than 50 percent narrowing) and 148 
-had obstructive coronary disease. Of the patients with 

‘coronary heart disease, 47 percent had S-T segment 
‘depression alone, whereas pathologic Q waves with or 
-without S-T segment depression were present in 73 
percent. Thallium-201 perfusion abnormalities at rest 
or during exercise were seen in 76 percent. The relative 
- sensitivities of electrocardiographic criteria (Q or S-T 
segment abnormalities, or both) and thallium-201 
imaging were not significantly different. Similarly, the 
specificity of resting and stress electrocardiography was 
86 percent and that of thallium-201 imaging was 88 
percent. Combining the electrocardiographic Q wave 
and S-T segment abnormalities with findings on thal- 
lium-201 imaging, however, increased the sensitivity to 
91 percent. Although this was statistically significant 
compared with results of either electrocardiography or 
thallium-201 imaging alone, specificity decreased to 81 
percent (not significant). As seen in Table I, several 
centers have individually reported relatively similar 
data. 

Effect of exercise level on sensitivity: Several in- 
vestigators have examined the possibility that thal- 
lium-201 imaging would be of particular value in certain 
subgroups of patients. McLaughlin et al.3? demon- 
strated that although thallium-201 imaging was re- 
producible in 91 percent of patients, in a group of 12 
patients subjected to two levels of exercise, only 53 
percent showed defects at light exercise compared with 
maximal exercise. McCarthy et al.9 similarly evaluated 
the stress electrocardiogram and thallium-201 studies 
in relationship to degree of exercise attained.° Overall, 
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these investigators found that thallium-201 perfusion — 
imaging is both more sensitive (85 versus 64 percent) 
and more specific (84 versus 71 percent) than exercise 
electrocardiography. The data were then analyzed with _ 
regard to the adequacy of the stress. Patients with cor- 
onary heart disease who exercised to 85 percent or more 
of maximal predicted heart rate or significant (1 mi 
greater) S-T segment depression had an 88 percent 
cidence rate of such S-T segment abnormalities. Sim 
larly, 87 percent had thallium-201 perfusion abnor- 
malities. Of 20 normal patients with a stress test defi 
as adequate, specificity was 85 percent for both t 
electrocardiogram and the thallium-201 image. Com- __ 
bining S-T segment abnormalities and findings on _ 
thallium-201 imaging yielded a sensitivity of 97 percent, __ 
however, specificity decreased to 70 percent. In contras 
of 32 patients with coronary heart disease and nondi- 
agnostic stress tests (that is, an inadequate heart rate. __ 
response or an uninterpretable electrocardiogram), _ 
thallium-201 imaging detected perfusion abnormalities 
in 81 percent with a specificity of 69 percent. — 
We have found similar results in 117 patients studied 
in our laboratory. Overall, of 84 patients with coronary. 
heart disease; S-T segment abnormalities were seen on 
electrocardiogram in 61 percent whereas defects were. 
present in 79 percent of those undergoing thallium-201 
imaging (p <0.01). The relative specificity in 33 patients 
without coronary disease was 82 percent for exercise 
electrocardiography and 85 percent for thallium-201 
imaging. Of 69 patients who either had S-T depression 
1 mm or greater or who attained 85 percent of their 
predicted heart rate, S-T segment depression was seen 
on electrocardiogram in 74 percent and a perfusion 
defect was seen on thallium-201 imaging in 84 percent. 
However, of 23 patients who did not reach 85 percent 
of maximal predicted heart rate, thallium-201 imaging 
detected 8 of 15 patients with coronary heart disease not 
found by the stress electrocardiogram, whereas ail 8 
patients with normal coronary arteries had normal 
findings on thallium-201 studies. It thus appears that 
thallium testing is relatively advantageous in patients 
unable to perform maximal stress. 


















Comparative Sensitivity and Specificity of Electrocardiographic Variables and Thallium Imaging for Coronary Heart Disease 








Patients {n) 
ith 
investigator Total CHD Q S-T 
Bailey et al.'4 63 63 43 38 
Ritchie et al. 15 101 76 28 45 
Botvinick et al. 18* 65 41 29 67 
Turner et al. 17 66 35 —_ 68 
Ritchie et al. 18 190 148 36 47 
McCarthy et al.'9 t 128 95 43 64 
Bodenheimer et al. 95 73 26 56 














Sensitivity (%)} 
Combined 
201-T1 and Js 
Thallium ECG Specificity (%) 
Q+S-T Defect (%) ECG-S-T T 
65 75 89 = a 
65 76 91 84 92 
74 85 89 63 89 
= 71 85 79 97 
73 76 94 86 88 
79 85 93 85t 79 
71 81 84 86 88 





* Data in table are based only on patients with isoelectric S-T segments at rest. 


1 See text for more detailed analysis of these data by subsets. 
+ Twenty normal patients with interpretable test. 


CHD = coronary heart disease; ECG = electrocardiogram; Ti = thallium. 
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Effect of baseline S-T and T wave abnormalities: 
A well known limitation of the exercise electrocardio- 
gram is the difficulty in evaluating induced S-T segment 
abnormalities in patients taking digitalis preparations 
or exhibiting baseline electrocardiographic abnor- 
malities such as left bundle branch block, left ventric- 
ular hypertrophy or marked ST-T deviation. 14-16.18.19 
Ritchie et al.!8 analyzed 16 such patients, of whom 13 
with angiographic evidence of coronary heart disease 
demonstrated perfusion defects on thallium-201 
imaging. Similar findings have also been reported in 
such patients by others.!416.19 Therefore, thallium-201 
imaging is also of particular value in this subgroup. 

Detection of multivessel disease: The relatively 
poor prognosis of patients with multivessel coronary 
heart disease has highlighted the importance of using 
appropriate noninvasive studies to identify this 
subgroup.*334 Of concern in detecting patients with 
multivessel disease is the possibility of a relatively ho- 
mogeneous or global ischemia. Since thallium-201 
imaging provides data on relative and not absolute 
myocardial perfusion, the result might be the illusion 
of a normal image. In view of the high rate of detection 
of patients with three vessel disease, this diagnostic 
pitfall appears to have been avoided. However, in our 
experience, thallium-201 imaging alone has a sensitivity 
in patients with two or three vessel disease similar to 
that of electrocardiographic variables (S-T depression 
or abnormal Q waves, or both) when analyzed separately 
(Table ID. Similarly, Bailey et al.!4 found that in pa- 
tients with two vessel disease, electrocardiographic 
abnormalities allowed detection in 70 percent compared 
with 65 percent of those undergoing thallium-201 
imaging. In patients with involvement of three vessels, 
the disease was detected by electrocardiogram in 93 
percent and by thallium-201 imaging in 93 percent. 
However, as seen in Table II, the combination of find- 
ings on thallium-201 imaging with electrocardiographic 
variables allowed for the detection of additional patients 
at all levels of severity of coronary disease not detected 
by electrocardiographic criteria (Q waves or S-T ab- 
normalities, or both) alone. Thus, in our series, thal- 
lium-201 imaging detected five of six patients with three 
vessel disease and submaximal stress. The additional 
diagnostic value of combining thallium-201 imaging 
with the rest and stress electrocardiogram has also been 
reported by others.}619.35 


TABLE il 


Relation of Noninvasive Tests to Extent of Coronary 
Heart Disease 





Obstructed Coronary Arteries (n) 











1 (19 pt) 2 (29 pt) 3 (36 pt) 

Findings n % n % n % 
Pathologic Q waves 6 32 8 28 9 25 
S-T depression = 1mm 5 26 20 69 26 72 
Q and/or 8-T 9 47 23 79 30 83 
Thallium: defect 13 68 22 76 31 86 
Q + S-T + thallium defect 15 79 26 90 34 394 





pt = patients. 


The fact that absolute regicnal thallium-201 flow 
distribution cannot be determined does limit determi- 
nation of the number of obstructed vessels in any single 
patient. We examined the consequences of this in 25 
patients with multivessel disease, each of whom had at 
least one vessel with total obstruction. In eight patients 
with two vessel disease, eight of nine vessels with 100 
percent obstructive lesions had associated regional 
defects. However, in only four of seven zones supplied 
by coronary vessels with more than a 75 percent lesion 
were associated regional defects found. Similarly, in 17 
patients with three vessel disease, 15 of 18 vessels with 
100 percent obstructive lesions had regional perfusion 
defects. Of the remaining 33 zones supplied by vessels 
with 75 to 99 percent obstruction, only 14 had associated 
regional defects. Other investigators!®34.36 have re- 
ported similar difficulties in detecting the number of 
involved vessels. 

False positive stress tests: Thallium imaging has 
been evaluated as a means of distinguishing patients 
with a true positive electrocardiographic stress test from 
those with a false positive test. Thus, in the multicenter 
trial,!® specificity of thallium-201 imaging was 93 per- 
cent with only three definite false positive studies. 
Several other studies have similarly reported a high 
specificity for thallium-201 imaging in the diagnosis of 
coronary heart disease (Table I). In addition, the results 
of several small series suggest that thallium-201 imaging 
is also of value in the asymptomatic patient with a 
suspected false positive test.°"8 It is apparent, however, 
as recently reported in 27 consecutive patients with 
chest pain without obstructive coronary disease,’ that 
although the specificity of thallium-201 imaging was 85 
percent compared to 63 percent for electrocardiographic 
stress tests, overlap does occur so that all false positive 
S-T responses will not be revealed. 

Recent data have also demonstrated that occasionally 
a patient with S-T depression on stress electrocardi- 
ography and a normal thallium-2C1 image may, in fact, 
have coronary heart disease. Thus, of 84 patients with 
coronary disease studied in our laboratory, 6 patients 
with coronary disease (including 5 with multivessel 
disease) had an abnormal S-T segment response to 
stress despite a normal thallium-201 perfusion scan. 
Other investigators have found similar results. Bailey 
et al.'4 described three patients with abnormal S-T 
segments and a normal thallium-201 image. Leppo et 
al.4 studied 30 patients with three vessel disease, of 
whom 3 had a positive stress electrocardiogram and a 
negative thallium-201 perfusion. Similarly, McCarthy 
et al.!9 found seven patients with a positive stress elec- 
trocardiogram and a negative thallium-201 study. 

Clinical indications for exercise thallium-201 
imaging to diagnose coronary heart disease: It is 
clear from the cumulative experience cited that thal- 
lium-201 is not a definitive diagnestic test in patients 
with suspected coronary artery disease. The clinical 
usefulness, limitations and indications for thallium-201 
studies, therefore, should be determined by the clinical 
context in which it is being considered, including age 
and sex of the patient and description of the chest pain. 
Of possible concern, however, is the applicability of 
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current published data to evaluation of the role of 
thallium imaging in women because of the small num- 
bers in these series. In men with classic angina pectoris 
the overwhelming majority of patients have coronary 
heart.disease.*!-42 In such patients, the resting and ex- 
ercise electrocardiogram provides some additional in- 
formation??? regarding the severity of the disease and 
prognosis. Exercise thallium-201 imaging for diagnostic 
purposes detects few additional patients and therefore 
may not be necessary if the stress electrocardiogram is 
unequivocally positive. In women with classic angina, 
approximately one half have coronary artery disease.” 
Exercise testing, as in men, adds some useful informa- 
tion. However, no specific information concerning 
thallium imaging is available in this subset and it is 
conceivable that this test might be of additional value. 
If the stress test is suboptimal and the evaluation of S-T 
segment abnormalities on electrocardiogram is difficult 
or is being made as a baseline prior to coronary arterial 
bypass graft (see later), thallium-201 imaging plays a 
more important role. 

In patients with clearly noncoronary chest pain, the 
incidence of coronary heart disease is exceedingly low 
both in men and in women, although age is an important 
factor.*2-43 If an electrocardiographic stress test is pos- 
itive in this situation, a thallium-201 study often pro- 
vides useful clarifying information. If negative, it sup- 
ports the impression that the chest pain is nonischemic 
in nature (although the finding is not definitive). In 
contrast, if positive, the test raises the strong likelihood 
that myocardial ischemia is indeed present. The same 
reasoning would apply to persons who are asymptom- 
atic but who have a positive stress electrocardio- 
gram 37.38 

There is a middle group of patients with atypical 
chest pain whose clinical diagnosis is unclear. Coronary 
heart disease is present in about one-half of the men and 
approximately one-third of the women, depending on 
age.42-43 Although resting and stress electrocardiograms 
again yield additional information to clarify the diag- 
nosis, thallium-201 imaging may be helpful as well. A 
positive thallium-201 study strongly suggests the 
presence of ischemia. But although a negative thal- 
lium-201 image makes the diagnosis less likely, it by no 
means excludes it. In this regard it is of interest that 
Hamilton et al.,44 using Bayes’ theorem, concluded that 
electrocardiographic and thallium studies prove most 
useful in groups in which disease prevalence ranges from 
0.2 to 0.7. 


Thallium to Assess the Physiologic Significance of a 
Coronary Obstruction 


In view of the experimental studies showing a quan- 
titative relation between graded regional coronary flow 
reduction and contraction abnormalities, the inter- 
relation among the severity of coronary obstructive le- 
sions, asynergy as defined by contrast ventriculography 
performed at rest during cardiac catheterization and 
defects seen on thallium-201 myocardial perfusion has 
been studied in our laboratory.®° Of 56 left ventricular 
zones supplied by coronary arteries with obstructive 
lesions of 75 percent or more, 31 showed asynergy, 24 


of which also showed defects on exercise thallium per- 
fusion testing. In contrast, of the 25 normally con- 
tracting zones supplied by significantly obstructed 
coronary arteries, only 3 showed a perfusion defect 
whereas 22 had normal myocardial perfusion. 

The association among the actual quantitative 
severity of the coronary lesion, the presence of 
asynergy on contrast ventriculography and a 
myocardial perfusion defect: Of 17 zones supplied by _ 


vessels with 75 to 89 percent coronary obstructive le- 


sions, 7 had asynergy, 3 of which had a perfusion defect. 
In contrast, of 10 normally contracting zones, all had. 
normal perfusion with thallium. Of 39 zones supplied. __ 
by vessels with more than a 90 percent obstructive le-__ 


sion, 24 had zonal asynergy, 21 of which had an associ- 
ated perfusion abnormality. In contrast, only 3 of 15. _ 


without asynergy and a greater than 90 percent stenotic __ 
lesion had associated defects. Massie et al.*° similarly 
reported a close relation between the presence or ab- 
sence of asynergy and perfusion defects. In their study, 


the relation between contraction and perfusion was _ 


actually better than that seen relative to coronary ob- _ 
struction. ee 

Hamilton et al.,22 using resting thallium-201 imaging, . 
also found a strong relation between normal perfusion — 
and either normal or borderline contraction. Conversely, 
abnormal thallium-201 perfusion correlated with severe 
contraction abnormalities or pathologic Q waves, or 
both. These data are consistent with experimental 
studies of Selwyn et al? suggesting that thallium-201 
imaging is sensitive to decreases in perfusion sufficient 
to cause ischemic contraction abnormalities or actual 
infarction, or both (see Theoretical Considerations). 
Thus, a thallium-201 perfusion defect strongly suggests 
the presence of an associated physiologically significant 
coronary obstructive lesion. It should also be clear, 
however, that the absence of a thallium-201 perfusion 
defect (or for that matter, a contraction abnormality) 
does not permit the conclusion that a significant coro- 
nary lesion may not exist. 


Thallium Imaging to Differentiate Viable from 
Nonviable Myocardium in Chronic Coronary 
Heart Disease 


The redistribution of myocardial thallium-201 as.a 
function of time has been used to differentiate myo- 
cardial ischemia from myocardial infarction (scar) in 
patients undergoing stress thallium-201 imaging. Thus, 
Pohost et al.!° restudied patients 1 to 4 hours after they 
underwent an exercise thallium-201 study that had 
demonstrated a perfusion defect on images obtained 
immediately after exercise. When reimaged, the defect 
was either partially or completely eliminated in eight 
of ten patients. In contrast, the defect persisted in the 
patients who had had a myocardial infarction. On the 
basis of these findings, it was suggested that sequential 
imaging at the time of exercise provides a means of 
distinguishing the transient perfusion abnormalities of 
ischemia from myocardial infarction.!° 

Subsequent studies have examined the phenomenon 
of redistribution and its significance in patients with 
exercise defects. Ritchie et al.“ and Verani et al.*8 found 
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that partial and complete redistribution of thallium-201 
was common. However, pathologic Q waves were not 
clearly associated with persistent perfusion defects. 
Thus, Ritchie et al. found that 6 of 13 patients with 
complete redistribution had pathologic Q waves in the 
corresponding zone. Verani et al.48 found that of 25 
areas with associated pathologic Q waves on electro- 
cardiogram, 8 (32 percent) showed total redistribution 
and an additional 32 percent partial redistribution. 
Postexercise redistribution scans versus resting 
scans: Blood et al.4? compared redistribution scans 4 
or more hours after exercise with resting scans in 62 
patients with coronary heart disease. The findings on 
redistribution scans were similar to those on resting 
scans in 73 percent. Of the remaining 17 patients, 16 
(including 11 patients with associated Q waves and 
asynergy) had defects in the 4 hour redistribution scans 
but not in the resting study. In addition, of 28 patients 
with pathologic Q waves and associated asynergy, 15 (54 
percent) had resting defects, whereas 26 had defects on 
redistribution.*? Differing explanations are possible for 
these findings. Both necropsy studies and recent studies 
in our laboratory have demonstrated that overall a good 
relationship exists between surface electrocardiogram, 
Q waves and myocardial fibrosis.5° However, in some 
cases, Q waves can be associated with histopathologi- 
cally normal myocardium. Because Q waves do not al- 
ways indicate scar, the normal resting scans can be 


FIGURE 2. Myocardial perfusion scan in the anterior projection dis- 
played as in Figure 1. An inferior defect that is seen immediately after 
exercise (A) normalizes in the redistribution image obtained after 2 hours 
(B). Black and white images (bottom) are displayed using identical 
background subtraction. 





reasonably explained. On the other hand, the presence 
of defects seen on redistribution scans and not at rest 
may simply reflect the need for minimal amount of 
myocardium that must be involved before a defect can 
be detected. Thus, at rest, the size or location of the 
scarred area may be such that it is not visualized.!2:13 
However, if myocardium surrounding this zone is ren- 
dered ischemic during exercise, thereby enlarging the 
involved zone, the defect now comprising scar and 
ischemic but viable tissue may be visualized. In addi- 
tion, the finding that such persistent areas generally 
involve the inferior area raises the possibility that 
technical factors (for example, relatively poor target to 
background ratios and interference from liver uptake) 
may have resulted in difficulty detecting resting ab- 
normalities in the inferior zone.49 

In a study in our laboratory, the relation between 
thallium-201 redistribution and the state of the 
underlying myocardium, as determined by contrast 
ventriculography both at rest and after nitroglycerin 
administration, was examined.®° Twenty-seven myo- 
cardial segments demonstrated thallium-201 perfusion 
abnormalities immediately after exercise, of which 17 
normalized and 2 lessened after redistribution (Fig. 2). 
Of these 19 zones, 3 had normal contraction, whereas 
15 exhibited reversible asynergy and 1 showed irre- 
versible asynergy. In contrast, all eight zones that had 
persistent thallium-201 perfusion defects after exercise 





FIGURE 3. Myocardial perfusion scan in the anterior projection showing 
an anterior and apica! defect immediately after exercise (A). Redistri- 
bution image (B) shows no significant change. Black and white images 
(bottom) are displayed using identical background subtraction. 
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had associated irreversible asynergy (Fig. 3). Of par- 
ticular interest were the eight left ventricular zones with 
associated Q waves. Of these, four had irreversible 
asynergy and perfusion defects that remained un- 
changed.after redistribution. However, all three zones 
owith Q waves and exercise defects that normalized or 
: lessened had reversible asynergy. Similar findings have 
-also been reported by Massie et al. 
-In summary, these data indicate that thallium-201 
redistribution as a function of time after exercise is as- 
‘sociated with viable myocardium which may be ren- 
dered ischemic during the stress, giving the resultant 
_ appearance of a perfusion defect. After a period of rest, 
-< during which normal myocardial metabolic function 
returns, thallium-201 can be adequately taken up from 
the blood pool with a resultant increase in counts. 
Partial thallium-201 redistribution is a more complex 
problem. Although the data suggest that the zones are 
usually composed of normal myocardium, the apparent 
redistribution seen may actually be consistent with a 
combination of fibrotic tissue not visualized at rest 
because of either the extent or location of the abnor- 
mality. When the surrounding myocardium is made 
ischemic during exercise, the extent of involved myo- 
cardium is increased sufficiently to permit detection. 


Thallium imaging in Noncoronary Heart Disease 


Mitral valve prolapse: Thallium imaging has been 
recommended in several settings in which it is necessary 
to determine the presence of associated coronary heart 
disease. The most common of these is the patient with 
clinical evidence of mitral valve prolapse and chest pain 
consistent with coronary heart disease. Massie et al.5! 
studied 25 patients with mitral valve prolapse, 6 with 
and 19 without coronary heart disease. Exercise S-T 
segment abnormalities were seen in 10 of 19 patients 
without coronary heart disease, whereas thallium-201 
imaging was normal in all. Similar findings were re- 
ported in a smaller series of patients by Gaffney et al.°? 
It should be pointed out, however, that occasionally a 
patient with mitral valve prolapse and normal coronary 
arteries has a perfusion defect. However, the signifi- 
cance of this finding in relation to the mitral valve 
prolapse is unclear at this time. 

Aortic stenosis: Patients with aortic stenosis also 
are frequently suspected of having coexisting coronary 
disease. Bailey et al.53 performed thallium-201 studies 
in 11 patients with aortic stenosis and angiographically 
insignificant coronary lesions and found focal defects 
in 5. So, whereas additional studies are clearly needed 
to confirm this observation, it appears that thallium-201 
imaging is limited in this setting. 

Cardiomyopathy: Thallium imaging has also been 
advocated to detect the presence of associated coronary 
heart disease in patients with cardiomyopathy. Thus, 
a frequent question is whether a congestive cardiomy- 
opathy is, in fact, ischemic in origin. Bulkley et al.ë4 
evaluated a combined approach in such patients by 
using thallium-201 and radionuclide angiography. They 
found that although thallium-201 defects were present 
in patients with ischemic and nonischemic cardiomy- 
opathy, the abnormalities were larger in patients with 


ischemic cardiomyopathy involving more than 40 per- 
cent of the left ventricular circumference in any one... 


projection. Presumably the defects in patients without 
coronary disease were due to patchy nonuniform in- 


tramyocardial fibrosis. Rubin et al., in a series of 10 
patients with idiopathic hypertrophic aortic stenosis __ 
and normal coronary arteries, found that 9 had normal 


findings on exercise thallium perfusion study. 


Comparison of Exercise Thallium-201 Scanning and - 
Exercise Radionuclide Angiography 


Radionuclide angiography during exercise has also a 


been advocated as a means of detecting coronary heart 
disease (see Nuclear Cardiology, Part I), To date, few 
studies are available that compare the noninvasive ra- 


dionuclide and electrocardiographic stress tests avail- 
able to detect coronary heart disease in patients with- 
chest pain. In our laboratory,®* 56 patients with angio- 

graphic evidence of coronary heart disease also under- 
went an exercise stress electrocardiogram with thal 


lium-201 imaging and radionuclide angiography with- : 
isometric exercise. Exercise-induced S-T segment ab- 


normalities were present in 58 percent. In contrast, 
exercise thallium-201 imaging and radionuclide-de- 
termined regional ejection fraction during isometric 
exercise each detected 82 percent (p <0.02). The spec- 
ificity of the two radionuclide techniques in 19 patients 
without obstructive coronary heart disease was similar. 
Thus, as a single test, each was superior to S-T segment 
testing; however, no clear advantage was apparent be- 
tween exercise thallium-201 and radionuclide angiog- 
raphy. Similarly, preliminary data from other labora- 
tories°’?-59 comparing stress radionuclide angiographic 
assessment of global ejection fraction and wall motion 
with thallium-201 imaging did not show a clear superi- 
ority for either test (Table IIT). However, an analysis of 
the additional yield in patients after electrocardio- 
graphic stress testing has been performed suggests that 
radionuclide angiography performed at rest and during 
exercise may be the preferred technique.°® For this 
reason, as well as the relative ease and shorter duration 
of the procedure and its smaller expense, we believe that 
exercise radionuclide angiography is currently prefer- 
able to exercise thallium-201 imaging. It must be re- 
membered, however, that radionuclide angiography will 
detect an abnormal response in left ventricular function 
in noncoronary conditions (for example, valvular dis- 
ease, hypertension or cardiomyopathy) and may be 
misleading in these circumstances. 


TABLE ill 


Comparison of Exercise Thallium-201 Studies and Exercise 
Radionuclide Angiography to Detect Coronary Heart 
Disease 











Exercise Exercise 
Radionuclide Thallium-201 
investigator Angiography Study 
Johnstone et al.57 20/26* 18/26 
Caldwell et al.58 31/33 30/33 
Borer et al.5° 40/43 35/43 





* Number of patients with a positive test/All patients with disease. 


March 1980 The American Journal of CARDIOLOGY Volume 45 681 


MYOCARDIAL PERFUSION IMAGING WITH THALLIUM-201—BODENHEIMER ET AL. 


Use of Thallium Imaging in Assessing Coronary 
Arterial Bypass Surgery 


In patients who have undergone coronary bypass 
surgery, the recurrence of symptoms raises the possi- 
bility of either a new obstructive lesion in the native 
coronary circulation or closure of a bypass graft. Ritchie 
et al.® studied 20 such patients (11 with preoperative 
resting and exercise thallium-201 and 9 with only pre- 
operative resting thallium-201 imaging). After surgery, 
all patients had both resting and exercise thallium-201 
studies as well as repeat coronary arteriography. Overall, 
a good relation existed between improved postoperative 
thallium-201 perfusion and the presence of patent 
grafts. In addition, postoperative perfusion defects were 
seen only in segments supplied by occluded grafts. 
However, in contrast, Rehn et al. reported 24 patients 
similarly studied pre- and postoperatively. Utilizing 
improved perfusion either at rest or with exercise in the 
postoperative scans as the criterion for graft patency, 


> they accurately predicted 25 of 39 (64 percent) of vas- 


cular segments as being supplied by patent grafts. 
However, when only initially abnormal segments were 
examined, 25 of 28 were accurately predicted as per- 
fused by patent grafts. When worsening of or failure to 
lessen a preoperative exercise defect was used as an 
index of graft occlusion, only four of nine segments with 
occluded grafts were detected.®! 

It is clear that thallium-201 studies in this setting 
are limited by several factors. In patients with an ob- 
structive coronary lesion who do not demonstrate a 
~ preoperative defect (31 percent in the series of Rehn et 
al.6!), persistence of a normal postoperative sean is 
difficult to evaluate. If a new defect appears, this may 
not relate to the graft occlusion per se but to either a 
perioperative infarction? or progression of disease in 
a native vessel distal to the graft. Further studies are 
thus required to assess more fully the uses and limita- 
tions of thallium-201 imaging in patients undergoing 
coronary arterial bypass surgery. 


Assessment of Acute Coronary Disease 


Diagnosis of Acute Myocardial Infarction 


Resting thallium-201 imaging has been extensively 
studied in patients with acute myocardial infarc- 
tion.1529.862 Wackers et alë? evaluated 200 patients 


<- diagnosed as having an acute myocardial infarction 


| based on electrocardiographic or enzyme criteria, or 
< both, of whom 165 (83 percent) had perfusion defects 
at rest. Of particular interest was the relation between 
the time of onset of the infarction and its size as mea- 
sured by peak enzymes. All 44 patients studied within 
6 hours of the onset of pain had perfusion defects. In 
contrast, of those studied 24 to 48 hours after onset of 
pain, a defect was seen in only 21 of 36, whereas results 
were questionable in 13 and normal in 2. With regard 
to the size of the infarction, all 71 patients with a peak 
serum glutamic oxaloacetic transaminase more than 3.5 
times the normal level had perfusion defects. In con- 
trast, of the 25 patients with a lower transaminase level, 
only 19 patients had a defect. 


In the multicenter trial reported by Ritchie et al.18 
111 patients with an acute myocardial infarction but 
without a history of prior infarction had rest thallium- 
201 imaging an average of 5.4 days after onset of pain. 
Overall, 81 percent were positive for perfusion defects. 
However, in those studied within 7 days, 85 percent of 
scans were positive, whereas after 7 days, 70 percent 
were positive. In addition, the size of the infarct and its 
location were important determinants of the presence 
or absence of a defect on thallium-201 imaging. Thus, 
39 of 41 patients with anterior Q waves had a defect, 
whereas only 27 of 37 patients with inferior Q waves had 
a defect. These studies indicate that the use of resting 
thallium-201 imaging is of somewhat limited value in 
the diagnosis of acute myocardial infarction because of 
its relative insensitivity. Although this is in part due to 
smaller infarcts and delay in imaging, from a purely ` 
diagnostic viewpoint thallium-201 scanning may be 
misleadingly negative. 

An additional concern results from recent data® 
demonstrating that in patients with unstable angina 
given thallium-201 during a pain-free period perfusion 
defects can be demonstrated without enzymal evidence 
of infarction. Gewirtz et al.®4 found that even in some 
patients with stable angina and very severe coronary 
obstructive lesions perfusion defects can be demon- 
strated without symptoms or signs of acute ischemia or 
infarction. Because it is also clear that patients with an 
old infarct may have a defect seen on resting thallium- 
201 studies, it seems evident to conclude that as a purely 
diagnostic tool in patients with acute infarction, thal- 
lium-201 imaging is limited by its lack of both sensitivity 
as well as specificity. 

Role of thallium-201 imaging in assessment of 
infarct size: Despite the limitations of thallium-201 
imaging in the diagnosis of acute myocardial infarction 
indicated earlier, resting thallium-201 imaging has been 
one of several approaches that have been investigated 
to quantitate the size of an infarct. Experimental 
data®!? have shown a good correlation between the 
extent of myocardial necrosis and decreased thallium- 
201 perfusion. In addition, in a necropsy study by 
Wackers et al.® an excellent correlation was found be- 
tween the size of an infarct as measured by thallium-201 
imaging and that seen on pathologic study. 

In this regard, Wackers et al.©? performed. serial 
studies in patients with acute myocardial infarction. Of 
13 patients studied initially at 6 hours, 7 showed a de- 
crease in the size of the defect at 24 hours. Of another 
group of nine patients restudied. at 4 to 10 days after 
infarction, all showed a decrease in the defect. Similarly, 
of 15 patients first studied 24 hours after infarction, 7 
showed a decrease and 8 no change in infarct size when 
restudied 4 to 10 days later. Although this is in contrast 
with results of an early report by Pohost et al.1° 
suggesting that redistribution did not occur in acute 
myocardial infarction, a more recent preliminary re- 
port! by the same group indicates that some degree of 
redistribution occurred in 9 of 16 patients in whom se- 
rial images were obtained within 12 hours of the acute 
infarction. Whereas these data suggest that thallium- 
201 imaging may be able to delineate zones of myocar- 
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dium that, although ischemic, are potentially viable in 
the early phase of acute myocardial infarction, the rapid 
redistribution and variable time course severely limit 
its application to assess accurately the effect of inter- 
ventions that might be utilized to modify infarct size. 


ischemia at Rest 


< Rest thallium-201 imaging has been reported in pa- 
tients with acute ischemia at rest. Maseri et al.®7 ad- 
: ministered thallium-201 to patients with variant angina 
during an episode of chest pain and found a perfusion 
defect in the corresponding zone. However, reimaging 
2 hours as well as and 1 week later revealed normal 
perfusion, suggesting a reversible phenomenon.*’ Thus, 
thallium-201 imaging can be utilized to determine the 
presence of active ischemia. However, it should be clear 
“ that in view of the possibility of a perfusion defect, due 
either to scar or severe coronary obstructive disease (see 
earlier), a defect seen on resting thallium-201 imaging 
cannot be taken in itself as conclusive evidence of active 
ischemia. 


Clinical Implications 


Since the initial introduction of thallium-201 myo- 
cardial perfusion imaging, its uses and limitations have 


become better defined. At this time, its primary indi- 
cation appears to be in the patient with suspected cor- 
onary heart disease who either is unable to exercise 
adequately or who has resting electrocardiographi 
abnormalities rendering interpretation of the S-T se 
ment response difficult. In addition, in the patient with 








a suspected false positive exercise-induced 8-T segment 
abnormality or with chest pain and mitral valve pros 
lapse, a normal thallium-201 study is of value in con- > 


firming the clinical impression. In contrast, thallium 
imaging is of limited diagnostic value in the patient with 
the classic symptoms of angina and a diagnostic elec- 
trocardiogram (resting or exercise) and in the deter- 
mination of the extent of coronary heart disease. In 
patients with suspected acute myocardial infarction, the 
high incidence of false negative results and the dif- 
ficulties in interpretation of a perfusion defect in pa- 
tients with acute ischemia limit its role in this set- 
ting. 
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Can an antihypertensive 
be used in the vast 
majority of hypertensive 
patients, including certain 
patients requiring 

special considerations? 


ALDOMET CAN 


(METHYLDOPA|MSD) 





ALDOMET can be used in a wide range of hyperten- 
sives, including those with: 


ventricular allergic rhinitis 
hypertrophy hyperuricemia 
hyperglycemia gouty arthritis 
diabetes mellitus sulfonamide 
bronchial asthma hypersensitivity 


ALDOMET (Methyldopa, MSD) is contraindicated in 
active hepatic disease, hypersensitivity to the drug, 
and if previous methyldopa therapy has been asso- 
ciated with liver disorders. 
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Does an antihypertensive 
lower blood pressure 
usually without lower- 

ing cardiac output? 


ALDOMET DOES 
(METHYLDOPA|MSD) 


ALDOMET has no direct effect on cardiac function 
and lowers blood pressure usually without reducing 
cardiac output. Rather, it appears to reduce periph- 
eral vascular resistance, the most commonly identi- 
fied hemodynamic variable in hypertension (as 
hypertension progresses cardiac output tends to 
decrease and peripheral resistance tends to 
increase). 


Hemodynamic Changes as Hypertension Progresses* 


Borderline Establishec Congestive 
hypertension hypertension heart failure 





mEn Peripheral resistance 


E Cardiac output 


*adapted from Messerli and de Carvaiho' 





This may be particularly important in hypertensives 
with impaired cardiac function such as those with 
congestive heart failure* 


*Edema may occur with ALDOMET This is usually relieved by the 
use of a diuretic, but if edema progresses methyldopa should be 
discontinued. 


TABLETS: 500 mg, 250 mg, and 125 mg 


® The most 
ALDOMET #2 
nondiuretic 


METHYLDOPA | MSD) antinypertensive 


in the U.S. today 








zan an antihypertensive 
e effective usually with- 
Jut further reducing 
‘enal blood flow? 


ALDOMET CAN 


METHYLDOPA|MSD) 


3lomerular filtration rate, 
Itration fraction, and 
enal blood flow are 
isually not reduced; 
rerefore, ALDOMET is 
\ppropriate for many 
lypertensive patients 

vith significantly im- 
aired renal function. Since the drug is largely 
xcreted by the kidney, patients with impaired renal 
unction may respond to smaller doses. 


Nillan antihypertensive 
yenerally allow a normal 
sardiovascular response 
0 exercise? 


ALDOMET WILL 


METHYLDOPA|MSD) 


Dardiac output and blood pressure normally increase 
as the physical activities of the patient increase. 
\LDOMET does not significantly impair normal fluc- 
uations of blood pressure during exercise.*:3 

This can be of importance to active hypertensive 
datients —such as athletic individuals or persons 
whose work requires substantial physical effort. With 
ALDOMET, exercise hypotension rarely occurs. 
Sedation, usually transient, may occur during the 
nitial period of therapy or whenever the dose is 
ncreased. Headache, asthenia, or weakness may be 
joted as early and transient symptoms. 





Has an antihypertensive 
shown a proven record 
in long-term therapy? 


ALDOMET HAS 


(METHYLDOPA| MSD) 





A recent study’ followed a group of patients on 
ALDOMET for ten years or more. The results suggest 
that ALDOMET is a highly effective medication for 
the long-term management of hypertension. 


It is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur 
with methyldopa therapy. The rare occurrences of 
hemolytic anemia or liver disorders could lead to 
potentially fatal complications unless properly recog- 
nized and managed. 


1. Messerli FH, de Carvalho JGR: Management of mild hypertension. Drug Therapy 9:63-70, 1979. 

2. Yasky J, Carosella C. Costa O: Diagnosis of arterial hypertension by means of graduated ergometric test, 

in Zanchetti, A (ed): ALDOMET® MEPA in Worldwide Clinical Experience, West Point, Pa, Merck 
Sharp & Dohme, 1979, pp 56-6. 

3. Mancia G, Ferrari A, Gregorini G, et al: Effects of treatment with methyldopa on basal hemodynamics and on 
neural circulatory control, in Zanchetti, A (ed): ALDOMET® (Methyldopa/MSD) in Worldwide Clinical 
Experience, West Point, Pa, Merck Sharp & Dohme, 1979, pp 27-39. 

4. Bulpitt CJ. Bulpitt PF Clifton P et al: Review of case histories of patients maintained on methyldopa for 10 
years or more, in Zanchetti, A (ed): ALDOMET® erent in Worldwide Clinical Experience, West 
Point, Pa, Merck Sharp & Dohme, 1979, pp 164-16: 
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For a brief summary of prescribing information, please see following page. 






Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis: if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could lead to potentially fatal complica- 
tions unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive cirect Coombs test. 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis not in itself a contraindication to 
use of methyldopa. If a positive Coombs test 
develops during methyldopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a positive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
At the start of methyldopa therapy, itis desirable to do 
a biood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyidopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The pcsitive Coombs test may 
net revert to normal until weeks to months after 
methyldopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 


match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy. 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphalein retention. Jaundice, with or 
without fever. may occur. with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis. 
Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 5 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa. the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When usec with other antihypertensive 
drugs. potentiation of antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing. Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury to a 
Nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should beused with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of: 
urinary uric acid by the phosphotungstate method. 
serum Creatinine by the alkaline picrate method. and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines. falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma 
It is important to recognize this phenomenon beforea 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
to air after voiding maydarken because of breakdown 
of methyldopa or its metabolites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 





i The most prescribed 
~, nondiuretic antihypertensive 
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lar disease. Patients may require reduced doses of 
anesthetics; hypotension occurring during anes- 
thesia usually can be controlled with vasopressors. 
Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this 
procedure. 

Adverse Reactions: Central nervous system: Seda- 
tion, headache, asthenia or weakness, usually early 
and transient; dizziness, lightheadedness, symp- 
toms of cerebrovascular insufficiency, paresthesias, 
parkinsonism, Bell's palsy, decreased mental acuity, 
involuntary choreoathetotic movements; psychic 
disturbances, including nightmares and reversible 
mild psychoses or depression. 

Cardiovascular: Bradycardia, aggravation of angina 
pectoris. Orthostatic hypotension (decrease daily 
dosage). Edema (and weight gain) usually relieved by 
use of a diuretic. (Discontinue methyldopa if edema 
progresses or signs of heart failure appear.) 
Gastrointestinal: Nausea, vomiting, distention, con- 
stipation, flatus, diarrhea, mild dryness of mouth, 
sore or “black” tongue, pancreatitis, sialadenitis. 
Hepatic: Abnormal liver function tests, jaundice, 
liver disorders. 

Hematologic: Positive Coombs test, hemolytic ane- 
mia. Leukopenia, granulocytopenia, thrombocyto- 
penia. Positive tests for antinuclear antibody, LE 
cells, and rheumatoid factor. 

Allergic: Drug-reiated fever, lupus-like syndrome, 
myocarditis. 

Other: Nasal stuffiness, rise in BUN, breast enlarge- 
ment, gynecomastia, lactation, impotence, de- 
creased libido. dermatologic reactions including 
eczema and lichenoid eruptions, mild arthralgia, 
myalgia. 

Note: Initial adult dosage should be limited to 
500 mg daily when given with antihypertensives 
other than thiazides. Tolerance may occur, usually 
between second and third months of therapy; 
increased dosage or agang a diuretic frequently 
restores effective control. Patients with impaired 
renal function may respond to smaller doses. 
Syncope in older patients may be related to increased 
sensitivity and advanced arteriosclerotic vascular 
disease: this may be avoided by lower doses. 

How Supplied: Tablets, containing 125 mg methyl- 
dopa each, in bottles of 100; Tablets. containing 
250 mg methylcopa each, in single-unit packages of 
100 and bottles of 100 and 1000; Tablets, containing 
500 mg methyldopa each, in single-unit packages of 


100 and bottles of 100 and 500. 
For more detailed information, con- M S D 
ERCK 
Bethe 
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sult your MSD representative or see 
full prescribing information. Merck 
Sharp & Dohme, Division of Merck & 
Co., Inc., West Point, Pa. 19486 
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drowning in crystalloids? 


Deciding whether to treat with crystalloids or colloids 

a critical decision that is far from easy. Crystalloids 
An risk edema. Colloids can endanger the patient and 
eplete the pharmacy budget. 

The IL186 WEIL ONCOMETER™ System provides reli- 
ble colloid osmotic pressure (COP) measurements to 
elp decide whether crystalloid or colloid fluid therapy 

called for. Monitoring COP also helps 
letermine extent of cardiopulmonary 

hilure, risk of pulmonary edema and 
emodynamic effects of dialysis. 

Consider these IL Oncometer System 
patures: 

The only system available with 
mercury manometer for accurate 
calibration 


Quality performance assured via 
assayed serum albumin 


Instrumentation 
Laboratory 


e Fast response time, stat results 

¢ Long-life, easily replaceable membranes 
¢ Flow-through, closed sample chamber 

e Small sample size (300 ul) 


Let the IL Oncometer System help keep your 
patient and your pharmacy budget out of troubled 
waters. For a demonstration or 
further information, call IL toll-free: 
800 225-4040 (800 342-8856 in MA) 
Or write for technical papers on COP 
ha and its clinical importance. 


The Critical Care Specialist... 
Instrumentation Laboratory Inc. 
Sensorlab Division 

One Burtt Road 

Andover, MA 01810 









e), pea consult current complete 
: jons: Norpace is indicated 





tiarrhythmic drugs in preventing sudden death in patients with serious 
not been established. i 


= Ventricular ectopic activi been e Contraindications: Cardiogenic shock, 
`- preexisting second- or thira AV block (if no pacemaker is present), or known hyper- 
Si DED e, : Severe has been observed primarily in 
~ less hypotension îs due to the arrhythmia. Norpace should not be inthe pres- 
or congestive unless 
accomplished. In patients with marginally compensated 


carefully monitored for serious negative inotropic effects or excessively prolonged conduc- 
poet ren acc ae cee y 
| firstdegree heart block develops, the dosage of Norpace be reduced. If the block 





persists, continuation of Norpace must depend upon an assessment of the benefit versus the 
risk. Development of second- or third-degree AV block or uni-, bi- or trifascicufar block re- 
quires discontinuation of Norpac2, unless the ventricular rate is adequately controlled bya 
pacemaker. Because of its anticholinergic properties, Norpace should not be used in patients 
with glaucoma, myasthenia gravis or urinary retention, unless adequate overriding measures 
are taken. Precautions: lf significant widening (greater than 25%) of the QRS complex oc- 
curs, Norpace should be discontmued. li Q-T prolongation greater than 25% occurs and if 
ectopy continues, monitor cl and consider discontinuing Norpace. Patients with atrial 
flutter or fibrillation should be digitalized prior to Norpace administration to ensure that 
drug-induced enhancement of AV conduction does net allow a ventricular rate beyond 
physiologically acceptable limits. The effect of Norpace is presently uncertain in patients 
with sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. Patients 
with myocarditis or other cardiomyopathy may develop significant hypotension in response tc 
the usual dosage of Norpace. Ni should be administered cautiously to patients who 
are receiving or who have tly received other antiarrhythmic drugs. Excessive widening 
of the QRS complex and/or prolongation of the Q-T mterval may occur in such instances. 
Norpace dosage should be reduced in patients with impaired renal or hepatic function and 
the electrocardiogram carefully monitored for signs cf overdosage. Antiarrhythmic drugs may 
be ineffective in patients with hypokalemia. Therefore, any potassium deficit should be cor- 
rected before instituting Norpace therapy. Use in Pregnancy and Lactation: Safe use in preg. 
nancy has not been established. Norpace has been reported to stimulate contractions of the 
pregnant uterus. The use af Norpace in pregnant women requires that the potential benefit 
be weighed against possible hazards to the fetus. It is nat known whether disopyramide is 
excreted in human milk. However, studies in rats have shown that the concentration of 
disopyramide and its metabolites is up to three times greater in milk than in plasma. If use 
of the drug is deemed essential, an alternate method of infant feeding should be instituted. 
Labor and Delivery: The effects of Norpace on the fetus during delivery or on the course of 
labor and delivery are unknown. Pediatrics: The safety and effectiveness of Norpace in chil- 
dren have not been established. Adverse jons: Anticholinergic: dry mouth, urinary, 
hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary retention. Genitourinary: 


_ “Indicated for premature ventricular contractions (PVCs)... unifocal, multifocal, 





$ or pared PVCs... episodes of ventricular tachycardia. 
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patients 
when oral medication is indicated 


A high percentage of digitalized patients are also 
receiving a Type 1 antiarrhythmic. In the case of quini- 
dine, concurrent administration of digoxin can result 
in an elevated serum digoxin level. Some studies have 
indicated that quinidine molecules appear to displace 
digoxin from binding sites in skeletal muscle and other 
tissues.'-3 Other researchers have observed that 
quinidine may reduce the renal clearance of digoxin, 
thereby prolonging serum digoxin levels.‘ In any case, 
an elevated serum digoxin level may lead to digitalis 
intoxication.24 


© Demonstrated efficacy 


© More favorable side effects 
profile than quinidine 


urinary trequency and urgency. Gastrointestinal: nausea, pain/bloating/gas, anorexia, 
diarrhea, vomiting. General: nervousness, dizziness, general fatigue/muscle weakness, 
headache, malaise. Cardiovascular; hypotension, congestive heart failure, cardiac conduction 
disturbances, edema/weight gain, shortness of breath, syncope, chest pain. Dermatologic: 
generalized rash/dermatoses. The following have occurred, but a causal relationship is un- 
certain: impotence, depression, insomnia, dysuria, and hypoglycemia (usually in patients 
with impaired liver function). Acute psychosis, cholestatic jaundice, and agranulocytosis, all 
three reversible. have been reported. Dosage and Administration: Dosage must be indi- 
vidualized for each patient on the basis of response and tolerance. The usual adult dosage is 
400 to 800 mg per day given in divided doses four times daily. The recommended dosage 
schedule for most adults is 150 mg every six hours. For patients weighing less than 110 
pounds (50 kg) the recommended dosage is 100 mg every six hours. If rapid control of ar- 
thythmia is essential, an initial loading dose of 300 mg of Norpace (200 mg for patients 
mon less than 110 pounds) is recommended. For patients with cardiomyopathy or possi- 
ble cardiac decompensation, a loading dose should not be given and the initial dose limited 
to 100 mg every six hours, with subsequent dosage adjustments made gradually under close 
monitoring. See current complete prescribing information for dosage recom- 
mendations. How Supplied: Capsules containing 100 mg or 150 mg of disepyramide base. 
Avgilable in battles of 100, 500, and 1,000 capsules, and cartons of 100 unit-dose individually 
blister-sealed capsules. 
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Norpace (disopyramide phosphate) does not appear to 
elevate serum digoxin levels when digoxin is combined 
with disopyramide in therapeutically effective doses.*° 
Thus, for your patient receiving combined digoxin and 
Type 1 antiarrhythmic therapy with Norpace, the risk 
of digitalis intoxication is reduced, and patient monitor- 
ing and digoxin dosage adjustment are facilitated. 
Norpace...the Type 1 antiarrhythmic attuned to the 
demands of both you and your patients. Consider these 
other benefits of Norpace: 


e Lower dropout rate 
than with quinidine 


è High level of compliance 


References: 1, Hager, W.D., and others: Digoxin-Quinidine Interaction: Pharmacokinetic 
Evaluation, N. Engl. J. Med. 300:1238-1241, 1979. 2. Leahey, E.B., and others: Enhanced Car- 
diac Effect of Digoxin During Quinidine Treatment, Arch. Intern, Med. 139:519-521, 1979. 

3. Reiffel, J.A., and others: A Previously Unrecognized Drug Interaction Between Quinidine 
and Digoxin, Clin. Cardiol. 2:40-42, 1979. 4. Doering, W.: Quinidine-Digoxin Interaction: 
Pharmacokinetics, Underlying Mechanism and Clinical Implications, N. Engl. J. Med. 
301:400-404, 1979. 5. Leahey, E.B., Jr, and others: Serum Digoxin Concentrations During 
Administration of Oral Antiarrhythmic Drugs, abstracted, Clin. Res. 26:602, 1978. 
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SEARLE Searle Laboratories : 
Division of Searle Pharmaceuticals Inc. 
Box 5110, Chicago, Illinois 60680 


CPrs NEW POROUS TIP 
LEAD: THE PROBLEM SOLVER 


CPI addressed the problem of 
lead dislodgement and designed 
the problem solver: a unique 
porous electrode. The tip 
consists of a platinum-iridium 
screen covering a mesh ball of 
the same alloy. Optimally-sized 
fibers give 85-90% porosity so 
tissue ingrowth knits the tip to 
the endocardium. Within 24 
hours post-implant, the 


electrode begins its embedment. 


Clinical studies have demon- 
strated markedly reduced 
dislodgement with the porous tip 
lead. In animal trials, the 
dislodgement rate was signif- 
icantly lower than the solid tip 
control me] colt] omy 


Histologic studies show tissue 
ingrowth in the acute phase, 
resulting in a secure electrode- 
tissue bond chronically, with a 
noticeably thinner and more 
structured fibrotic capsule that 
increases sensing capability. 


For pacing the 7.5mm‘*tip offers 
reduced current drain, increas- 
ing the longevity of constant 
voltage pulse generators. 


1979 Cardiac Pacemakers, Inc 


For sensing the tip’s porosity 
allows maximum use of the 
effective sensing area—more 
than 50mm?2—on exterior and 
interior surfaces. Presence of 
tissue and fluid within the tip 
reduces polarization losses. The 
electrode transmits a larger R- 
wave, So it offers a sensing 
advantage. 


The platinum-iridium mesh 
fibers are 25um in diameter, 
approximating cardiac cell size 
and thus minimizing tissue 
reaction.? The electrode 
becomes an integral part of the 
endocardium. Similar success 
has been experienced with 
Dacron fibers of the same size 
used in artificial heart valves. 


Biocompatible size and quick 
stabilization mean the electrode 
causes very little endocardial 
irritation. Our histologic studies 
reveal that the fibrotic capsule 
surrounding the porous tip is 
significantly thinner than the 
capsule around a solid tip. The 
capsule is typically more 
Structured, further indication of 
this electrode’s biocompatibility. 


Slimming the fibrotic capsule has 
significant results—the cardiac 
signal amplitude and slew rate 
remain high, so the lead senses 
reliably in the chronic phase. 


Low Dislodgement Rate. 
Efficient Sensing and 
Pacing...the Problem 
Solver from CPI. 





Shown 24 hours post-implant, a cross- 
sectional 100X magnification of the 
porous tip-canine tissue interface. A 
fibrinoid collagen capsule has pene- 
trated the outer lattice. Optimally 
spaced platinum-iridium fibers have 
allowed electrode ingrowth to begin. 
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Shown five months post-implant, a 
cross sectional 100X magnification of 
the porous tip-canine tissue interface. 
Dense connective tissue has penetrated 
the intraelectrode spaces. The fibrotic 
capsule measures about 300 microns 
thickness. 





CPI POROUS TIP ENDOCARDIAL 
LEADS Models 4115, 4116 and 
4117 are available in 52, 59 and 
85 cm lengths, respectively. All 
are unipolar, with double-wound 
conductors of corrosion 
resistant MP35N nickel alloy 
Silicone rubber sheaths the 
conductors and ends in a flange 
behind the porous platinum- 
iridium tip. The outer screen of 
fibers 40um in diameter secures 
the electrode mechanically and 


assures less traumatic bonding 
with endocardial tissue. Fibers 
of the interior mesh are 25m in 
diameter to reduce tissue 
reaction and promote sensing. 
The unique porous tip is 
constructed by an advanced 
bonding technique, which fuses 
the wire bonds and maintains the 
integrity of the platinum-iridium 
electrode without compromising 
the random configuration. 


Cardiac Pacemakers, Inc 

4100 North Hamline Avenue 
P.O. Box 43079 

St. Paul, Minnesota 55164, U.S.A 


INVOLVED IN MANKIND 


1. Amundson, D., McArthur, W., Mosharrafa, 
M.: The porous endocardial electrode, PACE, 
2: January-February, 1979. 


2. Coleman, D., King, R. and Andrade, J. 
The foreign body reaction: A chronic 
inflammatory response, J. BIOMED. MAT. 
RES., 8:199, 1974 





Alpha 
Stimulation 


Central Control of 
Blood Pressure* 





e Alpna 
Advantage: 


It’s for all kinds of hypertensives 


e Unlike beta blockers, Catapres* has no contraindications. 
e Catapres can be useful even in these patients with: 


Congestive heart failure Allergic rhinitis 

Ventricular hypertrophy Hepatic disease 
Hyperglycemia Hyperuricemia 

Diabetes mellitus Gouty arthritis 

Bronchial asthma Sulfonamide hypersensitivity 


Like any antihypertensive, use with caution in severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 


work/play—normal hemodynamic responses to exercise maintained. 


love —low incidence of impotence and/or loss of libido: 
2.8% in 1,923 patients studied.' 


cardiac output— tends to return to control values during long-term therapy. 
blood flow— preserved in kidney. 
No Single Advantage Determines Drug Choice. 
Other factors must include: 


The drug's effectiveness in a given patient, its 
side effects, warnings, precautions, tolerance, 
etc. A rational therapeutic choice depends on a 
careful assessment of all such factors. 


*Central alpha-adrenergic stimulation decreases sympathetic outflow from 
the brain, as shown in animal studies. 


T 4. Data on file at Boehringer Ingelheim Ltd 


Please see last page for brief summary, including 
Warnings, precautions, and adverse reactions. 





The Alpha 


Advantage: 


It’s for all kinds 
of hypertensives 


Cal Tablets of 0.1, 0.2, 0.3 mg 


(clonidine HCI) 
Hypertension 


e No contraindications. 


e Effective in all degrees of hypertension. It is mild to 
moderate in potency. 


e Low incidence of depression, impotence, orthostatic 
hypotension—no fatal hepatotoxicity. 


è Preserves kidney blood flow. 


Most common side effects are dry mouth, drowsiness, 
and sedation which generally tend to diminish with time. 





The usual starting dose of Catapres is 0.1 mg at break 
fast and 0.1 mg at bedtime. Some patients may benefi 
from a starting dose of 0.1 mg at bedtime. 


Usual daily dose range—0.2—0.8 mg 


Maximum daily dose—2.4 mg 
Doses as high as this have rarely been employed. 


For optimal results, the dose of Catapres must be 
adjusted according to the patient’s individual blood 
pressure response. 





Catapres® 
(clonidine hydrochloride) 


Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in 
potency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agerts as needed for proper patient response 


Warnings: Tolerance may develop in some patients necessitating a reevaluation 
of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce the 
Gose gradually over 2 to 4 days to avoid a possible rapid rise in blood pressure and 
associated subjective symptoms such as nervousness, agitation, and headache 
Patients should be instructed not to discontinue therapy without consulting their 
physician. Rare instances of hypertensive encephalopathy and death have been 
recorded after cessation of clonidine hydrochloride therapy. A causal relationship 
has not been established in these cases. It has been demonstrated that an 
excessive rise in blood pressure, should it occur, can be reversed by resumptiomof 
clonidine hydrochloride therapy or by intravenous phentolamine. Patients who 
engage in potentially hazardous activities, such as operating machinery or driving, 
should be advised of the sedative effect. This drug may enhance the CNS- 
cepressive effects of alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride should be used with 
caution in patients with severe coronary insufficiency, recent myocardial infarction 
cerebrovascular disease or chronic renal failure 

As an integral part of their overall long-term care, patients treated with Catapres 
(clonidine hydrochloride) should receive periodic eye examinations. While, except 
for some dryness of the eyes, no drug-related abnormal ophthalmologic find ngs 
have been recorded with Catapres (clonidine hydrochloride), in several studies 
the drug produced a dose-cependent increase in the incidence and severity of 


spontaneously occurring retinal degeneration in albino rats treated for 6 month 
longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 
sedation. Constipation, dizziness, headache, and fatigue have been repor 
Generally these effects tend to diminish with continued therapy. The follow 
reactions have been associated with the drug, some of them rarely. (In sc 
instances an exact causal relationship has not been established.) These inch 
Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnormalitie 
liver function tests; one report of possible drug-induced hepatitis without icte 
and hyperbilirubinemia in a patient receiving clonidine hydrochloride, ch 
thalidone and papaverine hydrochloride. Weight gain, transient elevation of bli 
glucose, or serum creatine phosphokinase: congestive heart failure, Raynat 
phenomenon; vivid dreams or nightmares, insomnia, other behavioral chanç 
nervousness, restlessness, anxiety and mental depression. Also rash, 

gioneurotic edema, hives, urticaria, thinning of the hair, pruritus not associe 
with arash, impotence, urinary retention, increased sensitivity to alcohol, dryne 
itching or burning of the eyes, dryness of the nasal mucosa, pallor, gynecomas 
weakly positive Coombs’ test, asymptomatic electrocardiographic abnormali 
manifested as Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
sent reflexes and vomiting followed the accidental ingestion of Catapres (clonic 
hydrochloride) by several children from 19 months to 5 years of age. Gas 
lavage and administration of an analeptic and vasopressor led to complete 
covery within 24 hours. Tolazoline in intravenous doses of 10 mg at 30-mir 
intervals usually abolishes all effects of Catapres, (clonidine hydrochloride) o 
dosage 
How Supplied: Catapres, brand of clonidine hydrochioride, is available as 0.1 
(tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 1000. A 
available as 0.3 mg (peach) oval, single-scored tablets in bottles of 100. 

For complete details, please see full prescribing information. 

Under license from Boehringer Ingelheim GmbH 


Boehringer Ingelheim Li 
Ridgefield, CT 06877 + 


Boehringer 
Ingelheim 
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in basic research 


congestive Heart 


Dean T. Mason, M.D. 


is rare treatment of such a multifaceted 
bject provides an unusual opportunity 
«the busy clinician to add to his knowl- 
ge inaminimum amount of time. Any 
2a of immediate interest can be rapidly 
rated and as much data as-needed can 
quickly extracted. The concentration 
improved clinical management will be 
preciated by every internist, cardiol- 
ist; generalist, and any professional in- 
ived in cardiovascular medicine. 


Jean Mason, President of the Amer- 
in. College of Cardiology, has or- 
nized this monograph within the three 
sas relevant to an understanding of 
ngestive heart failure: mechanisms, 
uation and treatment. Fifty-six recog- 
ted authorities have been assembled 
Dr. Mason, each contributing their 
pertise to make this book the foremost 
& covering the highly important and 
mmon disorders of abnormal heart 
ction. 
This presentation of recent advances in 
sic research and clinical progress has 
en highly acclaimed for its major con- 
bution to the improvement of patient 
re. We invite you to see if you don’t 
ree. Order and take 30 days to look 
‘er-the book. lf you're not totally satis- 
id, return it. 


iout the author ... Dean T. Mason, M.D. 


fessor of Medicine, Professor Physiology, Chief of 
‘diovascular Medicine, University of California, 
wool of Medicine, Davis. 


sident, American College of Cardiology 
sident, Western Society for Clinical Research 


‘ves on the editorial boards of The American Journal 
Cardiology, The Journal of Clinical Investigation, 
culation, Chest. Clinical Pharmacology and Thera- 
ities, Catheterization and Cardiovascular Diagnosis, 
1 Heart and Lung 
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$35.08 
448 PAGES, 250 ILLUS. 


“|, the finest book on congestive 
heart failure ever written...com- 
pletely covers the entire spectrum 
... wil remain a classic.” Rudolph 
T. Wagner, MD, FCCP, Chest, May 
1978 


“Mechanisms, evaluation, and 
treatment...are well discussed... 
well Hustrated.” MD, December 
1977 
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z488 send me a copy of Congestive Heart Failure 
- 30 days free examination and use at $35.00. if 
satisfied | may return book for refund or credit. 
Bill me, plus cost of shipping 
| Payment enclosed, publisher absorbs shipping 
cost 
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Congestive Heart Failure 

1. Introduction to Recent Advances in. 
Pathogenesis and Managemen of 
Congastive Heart Failure—-D.T. Mason. 


|. Mechanisms 


2. Structural Conditions in the Hyper 
trophied and Failing Hean — HM. 
Spotnitz ard E.H. Sonnenblick : 

3. Abnormal Biochemistry in Myocardial. 

Failure — A. Schwartz, L.A. Sordahi. 

ML. Entman, J.C. Allen, Y.S. Reddy, 

MA. Goldstein, RJ. Luch and LE 

Wyborny. 

Ribonucleic Acid Polymerase and 

Adeny! Cyclase in Cardiac Hypertrophy 

and Cardiomyopathy — KG. Nair, T 

Umat and J. Potts. 

5. Myofibrillar Proteins and the Contractile. 
Mechanism in the Normal and Failing 


4 


Heart — J. Wikman-Coffelt, C. Fanner, 1 


AF. Salel, T. Kamiyama and DT. 
Mason. 
6. Effects of ischemia on the Cortractiie 


Processes of Heart Mascio A M. Kale 


7. Alterations: of Cardiac Sympathetic 
Neurotransmitter Activity in Congestive 
Heart Failure—H.L. Rutenberg and LF. 
Spann, Jr. 4 

8. Contractile and Energetic Behavior. of oi. 
Hypertrophied and Failing Myocardium 
— G. Cooper, IV, JF. Gunning, CE: 
Harrison and H.N. Coleman, HI 

9. Regulation of Cardiac Performance in 
Cinical Heart Disease: Interactions Ge 
tween Contractile State, Mechanical. 
Abnormalities and Ventricular Compans 
satory Mechanisms -— D.T. Mason. 

10. Peripheral Circulatory Contral 
Mechanisms in Congestive Heart Fail- 
ure — R. Zelis, J. Longhurst, FJ. 
Capone, G. Lee and D.T, Mason. 

11. Function of the Hypoxic Myocardium: 
Experimental and Clinical Aspects — 
E.A, Amsterdam. 

42. Nature and Significance of Alterations in 
Myocardial Compliance — J.W. Covell. 

13. Renal Function and Edema Formation in 
Congestive Heart Failure —— M-J. Ton- 
kon, S.M. Rosen and D.T. Mason. 

H Evaluation 

14. Physical Findings in Heart Faikwe and 
Their Physiologic Basis — R.A. 
O'Rourke and M.H. Crawford. 

15. Echographic Evaluation of Cardiac 
Function — AN DeMaria, Al. 
Neumann and D.T. Mason. 

16. Cardiac Catheterization in the Cinical 
Assessment of Heart Disease and Ven- 
tricular Performance—D.T. Mason, R.R. 
Miller, D.S. Berman, L.A. Vismara, D.O. 
Williams, A.F. Salel, A.N. DeMaria, H.G. 
Bogen, GL. DeNardo and E.A. Ams- 
terdam. 

17. Catheterization Evaluation of Cardiac 
Function in Acute and Chronic Coronary 
Artery Disease — CE. Rackley, R.O. 
Russell, Jr, R.E. Moraski, JLA. Mantle, 
B.J. Feild and M. Smith. 

H. Treatment 

18. Management of Chronic Refractory 
Congestive Heart Faiture——D.T. Mason, 
R.A. Mie, 0.0. Williams. AN. 
DeMaria. L.D. Segel and E.A. Amster- 
dam. 

19. New. Developments and Therapeutic 
Applications of Cardiac Stimulating Ag- 
ents —~ J.F. Wiliams, Jr. 

20. The Digitalis Glycosides: Clinical Phar- 
macology and Therapeutics -~ D-T. 
Mason, E.A, Amsterdam and G. Lee. 

21. Ventricular Atterload Reducing Agents 
in Congestive Heart Failure Therapy — 
RAR. Miller, 0.0. Williams. AN. 
DeMaria, EA Amsterdam and DT. 
Mason. 

22. Myocardial Infarction Shock: 
Mechanisms and Therapy — EA. Ams- 
terdam, A.N. DeMaria, J.L. Hughes, E.J. 
Hurley, AJ. Lurie, D.O. Witlarns, RA, 
Miller and D.T. Mason. 

23. Antiarrhythmic Agents: Clinical Phar 
macology and Therapeutics — D.T. 
Mason, A.M. DeMaria, E.A. Amsterdam. 
L.A. Vismara, R.R. Miler, Z. Vera and 
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No Drug Accumulation 
Over 6-Month Period 
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Pharmacokinetics 

Ativan (lorazepam) is eliminated more rapidly 
than other benzodiazepines; generates no 
Clinically active metabolites. The half-life of 
free lorazepam is about 12 hours; steady-state 
blood levels are attained in 2-3 days. 
(Comparable data for diazepam: 20-50 hours 
and at least 7-10 days.) Ativan shows no 
evidence of accumulation, even when given in 
high doses for as long as 6 months. 

(The pharmacokinetic profile of a drug can 
define such characteristics as absorption, 
distribution, metabolism and elimination but 
cannot, at present, be directly related to its 
therapeutic effectiveness.) 
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Anxiety neuroses 

In many nationwide studies involving 
thousands of patients with anxiety neuroses, 
Ativan (lorazepam) consistently provided 
significant relief of anxiety, tension, agitation 
and irritability as measured by standard 
Hamilton, Global (physician rated) 

and 35-ltem (patient self-rated) scales. 





They're all about the same, aren’t they? Until recently, that seemed to sum up 

the prevalent attitude about the benzodiazepines. After all, they all work similarly 

and all are effective anxiolytics. With seven of these compounds now available, 
ver , differences have begun to emerge. Foremost among them: 

different metabolic pathways, which distinguish the relatively short-acting Ativan 

(lorazepam) from long-acting diazepam, clorazepate and chlordiazepoxide. 

At the same time, your choice can be made with confidence in the clinical record 

of Ativan, which confirms its value in anxiety neuroses and in significant anxiety 

associated with functional or organic disorders, as well as in older patients. 


Consider the rec ra of Ativan: 














Anxiety in Anxiety in Anxiety in 

cardiovascular disorders gastrointestinal disorders the aging patient 

Ativan (lorazepam) has been specifically So far, nine common protocol, double-blind Because its simple metabolism is not readily 
evaluated and found effective in seven studies of Ativan have focused on anxious impaired with advancing age, and 

common protocol, double-blind studies patients with functional or organic accumulation is not likely to present a 
involving 423 patients (211 on Ativan) gastrointestinal complaints (457 patients, problem, Ativan is a good choice for older 
whose anxiety was related to organic 234 on Ativan). Ativan was clearly effective patients. Those who have trouble swallowing 
and functional cardiovascular disorders. in reducing the anxiety of these patients. solid medication appreciate the small Ativan 
The cardiovascular component The gastrointestinal component has not, tablet, which is tasteless and disintegrates 
has not, of course, been shown to be of course, been shown to be significantly within seconds in water or fruit juice. 


significantly benefited by such therapy. 


benefited by such therapy. 
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Brief Summary of Prescribing Information 


indications and Usage: Symptomatic relief of anxiety, tension, agitation, irritability and 
insomnia’ associated with anxiety neuroses and transient situational disturbances; anxiety 
associatedwith depressive symptoms and as a treatment of symptoms of anxiety if such symp- 
toms are a significant feature of functional or organic disorders, particularly gastrointestinal or 
cardiovascular 

Effectiveness in long-term use. i.e., more than 4 months, has not been assessed by system- 
atic Clinical studies. Reassess periodically usefulness of the drug for the individual patient 


Contraindications: Known sensitivity to benzodiazepines or acute narrow-angle glaucoma 


Warnings: Not recommended in primary depressive disorders or psychoses. As with all CNS- 
acting drugs, warn patients on lorazepam not to operate machinery or motor vehicles, and of 
diminishedtolerance for alcohol and other CNS depressants 

Physical and Psychological Dependence: Withdrawal symptoms like those noted with barbi- 
turates and alcohol have occurred following abrupt discontinuance of benzodiazepines 
(including convulsions. tremor, abdominal and muscle cramps. vomiting and sweating). Addic- 
tion-prone individuals. e.g. drug addicts and alcoholics, should be under careful surveillance 
when on benzodiazepines because of their predisposition to habituation and dependence 
Withdrawal symptoms have also been reported following abrupt discontinuance of benzodi- 
azepines taken continuously at therapeutic levels for several months. 
Precautions: In depression accompanying anxiety consider possibility for suicide 

For elderly or debilitated patients, initial daily dosage should not exceed 2mg to avoid over- 
sedation 

Terminate dosage gradually since abrupt withdrawal of any antianxiety agent may result in 
symptoms like those being treated anxiety, agitation, irritability, tension, insomnia and occa- 
sional convulsions. 

Observe usual precautions with impaired renal or hepatic function 

Where gastrointestinal or cardiovascular disorders coexist with anxiety, note that lorazepam 
has not been shown of significant benefit in treating gastrointestinal or cardiovascular compo- 
nent 

Esophageal dilation occurred in rats treated with lorazepam for more than 1 year at 
6mg kg day. No effect dose was 1 25mg/kg/day (approximately 6 times the maximum human 
therapeutic dose of 10mg/day) Effect was reversible only when treatment was withdrawn within 
2 months ef first observation. Clinical significance is unknown, but use of lorazepam for pro- 
longed pemods and in geriatric patients requires caution and frequent monitoring for symptoms 
of upper G |. disease 

Safety and effectiveness in children under 12 years have not been established 
ESSENTIAL LABORATORY TESTS: Some patients have developed leukopenia; some have had 
elevations of LOH. As with other benzodiazepines, periodic blood counts and liver function tests 
are recommended during long-term therapy. 
CLINICALEY SIGNIFICANT DRUG INTERACTIONS: Benzodiazepines produce CNS depressant 
effects when administered with such medications as barbiturates or alcohol 


CARCINOGENESIS AND MUTAGENESIS: No evidence of carcinogenic potential emerged in 
rats during an 1&-month study. No studies regarding mutagenesis have been performed 
PREGNANCY: Reproductive studies were performed in mice, rats, and 2 strains of rabbits 
Occasional anomalies (reduction of tarsals, tibia, metatarsals, malrotated limbs, gastroschisis, 
malformec skull and microphthalmia) were seen in drug-treated rabbits without relationship to 
dosage. Although all these anomalies were not present in the concurrent control group, they 
have beenreported to occur randomly in historical controls. At 40mg/kg and higher, there was 
evidence ef fetal resorption and increased fetal loss in rabbits which was not seen at lower 
doses. Clinical significance of these findings is not known. However, increased risk of congeni- 
tal malformations associated with use of minor tranquilizers (chlordiazepoxide, diazepam and 
meprobamate) during first trimester of pregnancy has been suggested in several studies 
Because use of these drugs is rarely a matter of urgency. use of lorazepam during this period 
should aimost always be avoided Possibility that a woman of child-bearing potential may be 
pregnant at institution of therapy should be considered. Advise patients if they become preg- 
nant to communicate with their physician about desirability of discontinuing the drug 

In humans, blood levels from umbilical cord blood indicate placental transfer of lorazepam 
and its glucuronide 
NURSING MOTHERS: It is not known if oral lorazepam is excreted in human milk like other 
benzodiazepines. As a general rule, nursing should not be undertaken while on a drug since 
many drugs are excreted in milk 


Adverse Reactions, if they occur, are usually observed at beginning of therapy and generally 
disappear on continued medication or on decreasing dose. Ina sample of about 3,500 anxious 
patients. most frequent adverse reaction is sedation (15.9%). followed by dizziness (6.9%), 
weakness (4 2%) and unsteadiness (3.4%) Less frequent are disorientation, depression, nau- 
sea. change in appetite. headache, sleep disturbance, agitation, dermatological symptoms, eye 
function disturbance. various gastrointestinal symptoms and autonomic manifestations. Inci- 
dence of sedation and unsteadiness increased with age. Small decreases in blood pressure 
have been noted but are not clinically significant, probably being related to relief of anxiety. 


Overdosage: In management of overdosage with any drug, bear in mind that multiple agents 
may have been taken Manifestations of overdosage include somnolence, confusion and coma 
Induce vomiting and/or undertake gastric lavage followed by general supportive care, monitor- 
ing of vital signs and close observation. Hypotension though unlikely, usually may be controlled 
with Levarterenol Bitartrate Injection U.S.P Usefulness of dialysis has not been determined 


for,(orazepam) 


ety 


Dosage: Individualize for maximum beneficial effects. Increase dose 
gradually when needed, giving higher evening dose before increasing 
daytime doses. Anxiety, usually 2-3mg/day given b.i.d. or t.i.d.; dosage 
may vary from 1 to 10mg/day in divided doses. For elderly or debili- 
tated, initially 1-2mg/day; insomnia due to anxiety or transient situa- 
tional stress, 2-4mg h.s. 


How Supplied: 0.5, 1.0 and 2.0mg tablets. 


« Wyeth Laboratories 


í Philadelphia, PA 19101 


™ 


Copyright © 1979, Wyeth Laboratories 
Div. of AHPC, N Y.N Y All rights reserved 








How thorough 
and 


~ unbiased 
~ is your 
reference? 


If it’s not MODERN DRUG 
ENCYCLOPEDIA, you can’t be sure. 


MODERN DRUG ENCYCLOPEDIA 

and Therapeutic index 15th Edition 
Arthur J. Lewis, MD, Executive Editor 

Gertrude Dittus Bonzales, R.Ph., Executive Editor 
Charles L. Winek, Ph.D , Contributing Editor 


The all new 15th Edition of MODERN DRUG ENCYCLOPEDIA is 
. written especially for the practitioner who needs complete, objec- 
tive information on prescription drugs. 

An independent team of pharmacists and physicians has research- 
ed and edited all the facts on 3,000 prescription drugs. They pass 
this research on to you in an easy to absorb style that’s perfectly 
suited to the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They 
` don’t edit. Only print material the manufacturer pays to have included. 
Here's what careful planning does for MODERN DRUG 
ENCYCLOPEDIA: 
e limits entries to prescription drugs 
e lists over 3,000 pharmaceuticals, biologicals, and allergens in one 
alphabetic sequence. 
e arranges entries by generic name. All brand names in one place. 
è written in concise language for quick comprehension 
* designed with a “strong focus” layout, easy-to-read type, and bold 
subject headings 
The 1,000 page main section arranges over 3,000 drugs alphabeti- 
cally by generic name Each entry covers vital facts about brand 
names and each manufacturer that markets their own brand. 
Three a-z indexes provide instant access to all the material found 
in the main secton as follows: 
e GENERAL INDEX of all brand generic names in a-z sequence 
è THERAPEUTIC INDEX of which drugs are prescribed for which 


purpose. Allows you a wide selectin of therapy based on your pa- 
tient’s special needs. 

e MANUFACTURERS INDEX of names and addresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name 
And, our Free Updating Service informs you of changes in 

specifications and introduces new drugs. You receive them free 

of charge until the publication of the next (16th) Edition 

Try using MODERN DRUG ENCYCLOPEDIA for 30 days at our 
risk. Then keep it only if you're convinced that it answers a practi- 
tioner’s need for concise, easy to read information on prescription 
drugs 


YORKE MEDICAL GROUP, 666 Fifth Avenue. NY. NY 10019 
Please send me a copy of the all-new 15th Edition of MODERN 
DRUG ENCYCLOPEDIA and enter my two year free subscription 
to the Periodic Updating Service. If this new edition is the best 
drug information reference for practitioners available, | will 
remit $38.95, plus shipping. Otherwise, | will return it within 30 
days and owe nothing. 

O Check here if enclosing $38.95 now as full payment. 


Publisher pays shipping. Same return guarantee 
O Charge my credit card: O Master Charge O Visa 
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CASE REPORTS | 





Calcification in Porcine Xenograft Valves in Children 





_ MEREDITH M. SILVER, MB, BS, MSc, Calcification developed in the degenerating collagen of the cusps of three _ 


__-FRCP(C)* porcine xenograft heart valves implanted in children for less than 4 years. _ 
_ JAMES POLLOCK, MD, FRCS(C) The morphologic features and effects of this calcification are presented. _ 
grees D. SILVER, MD, PhD, Calcification of porcine xenografts seems to occur more frequently and _ 


at an earlier stage after insertion in children than in adults. Host factors, — 
possibly related to calcium homeostasis, may promote calcification; _ 
hence, these valves may not be appropriate for use in children. oe 


WILLIAM Gi WILLIAMS, MD FRCS(C) 
-< GEORGE A. TRUSLER, MD, FRCS(C) 


`: Toronto, Ontario, Canada 


Since 1977 there have been case reports!~6 of 14 children with calcific — 
stenosis in Hancock valves that had been implanted in the mitral (10_ 
patients) or aortic (4 patients) valve position for 6 to 58 months. This 
report describes calcification occurring in Hancock valves placed in the- 
aortic position in two teenage boys whose xenografts had been in place _ 
for 22 and 36 months, respectively. In a third boy calcific stenosis de- 
veloped in a Hancock valve in the mitral position after 45 months; the- 
patient died during an emergency operation to replace this valve. The 
morphologic features of the calcification are described in detail and the 
pathogenesis and complications are discussed. 


Methods | 


The excised Hancock valves from Cases 1 and 2 were received intact and were 
photographed and subjected to X-ray examination. After fixation in 10 percent: - 
buffered formalin, sections passing from the free margin to the inner aspect of 
the metal ring were cut from the cusps and other sections were taken from the 
tissue lining the stents. Heavily calcified tissue was decalcified with 20 percent 
formic acid before being processed for paraffin embedding. Sections were stained 
with hematoxylin eosin, resorcin«fuschin, hematoxylin-phloxine-saffron, 
Masson’s trichrome, Movat’s pentachrome, Von Kossa, Gram and Gomori’s. 
methenamine silver. 

Electron microscopy was performed on a small portion of xenograft cusp from. 
Case 1. The specimen was fixed in 10 percent formalin, postfixed in osmium 
tetroxide and embedded in Epon-Araldyte. Ultrathin sections were cut, stained 
with uranyl acetate-lead citrate and examined with a Philips 201 electron mi- 
croscope. It should be noted that glutaraldehyde tanning of the xenograft during 
its manufacture is equivalent to fixation for electron microscopy. 


Case Reports 
=: From the Departments of Pathology and Surgery, 


Division of Cardiovascular Surgery, The Hospital Case 1 

for Sick Children and the Departments of Pathol- This boy (HSC 1061146) had a heart murmur recorded at age 6 weeks: At 14 
ogy and Surgery, University of Toronto, Toronto, years he experienced progressive fatigue and shortness of breath on exercise. 
Ontario, Canada. Manuscript received August 9, Investigation demonstrated a small ventricular septal defect with an aortic cusp 


1979; revised manuscript received October 23, 
1979, accepted October 24, 1979. 
* Present address: Department of Pathology, 


prolapsing into it. The septal defect was closed and valvuloplasty performed: 
Because the boy had persistent aortic insufficiency postoperatively, 2 weeks later 


St. Joseph's Hospital, London, Ontario, Canada. the aortic valve was replaced with a 23 mm Hancock porcine xenograft. The- 
_ Address for reprints: Department of Pathology, patient’s own aortic valve had three separate cusps, and histologic sections re-i 

The Hospital for Sick Children, 555 University vealed areas of fibroelastic sclerosis and focal myxomatous change; no calcifi~.. 
Avenue, Toronto, Ontario, Canada, M5G 1X8. cation was present. $ 1 
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FIGURE 1. Case 1. X-ray films showing two views of excised Hancock 
xenograft valve. Nodular calcification is present in the cusps, most 
marked near the commissures. The laminar calcification in the pig aorta 
lining the stents can be seen in both views. (Actual size.) 


The patient did well for 18 months and during this time he 
sustained three limb bone fractures in three separate skiing 
and soccer accidents. At age 15 1/2 years breathlessness, he- 
moptysis, cough and signs of congestive heart failure devel- 
oped. A loud systolic ejection murmur was audible over the 
aortic area and the chest roentgenogram revealed pulmonary 
edema. Electrocardiograms demonstrated marked left ven- 
tricular hypertrophy with strain and an echocardiogram dis- 
closed aortic stenosis. The stenotic heavily calcified Hancock 
valve was replaced 22 months after its implantation with a 25 





FIGURE 2. Case 1. A valve cusp showing dark large and smaller cal- 
cium deposits within the collagen of the cusp fibrosa. The ventricular 
surface is to the left. (Masson's trichrome stain X 140.) 


mm Carpentier-Edwards porcine xenograft. The patient dic 
well postoperatively. 

Valve description: The cloth-covered stents of the excisec 
Hancock valve were covered with shiny smooth grey-white 
host tissue. The three cusps showed marked nodular calcifi- 
cation, particularly near the commissures (Fig. 1). The yel- 
lowish nodules in the cusps were covered by a filmy but 
smooth and shiny membrane on the ventricular surface, but 
they often formed rough granular excrescences on the sinus 
surface of the cusps. One cusp was stiff and fixed in the fully 
open position; the other two were pliable but only partially 
mobile. The maximal valve orifice diameter was 0.6 em. 

Microscopically, pig aorta was attached to the stents and 
pig myocardium was present in the valve ring. The aorta on 
the stents was sheathed by a thin layer of host collagen. The 
inner aspect of the ring was covered by a thick layer of densely 
collagenized host tissue that extended to the base of the cusps. 
Nuclei were present in normal numbers in the cusp fibrous 
tissue but stained paler than usual. The collagen lamellae of 
the cusp fibrosa were often focally disrupted, and focal cal- 
cification was obvious at some of these sites (Fig. 2). The cal- 
cification appeared to start in the fibrosa and to penetrate 
through the surface of the cusp, usually the sinus surface or 
the free edge. The large exophytic masses of calcium had thin 
strands of dense fibrous tissue from the cusp fibrosa admixed 
with them. Sheet-like calcification was present in pig aorta 
lining the stents (Fig. 1). A thin layer of fibrin covered the 
distal surface of the cusps close to their bases. 

Electron microscopy showed collagen fibrils disintegrating 
into granular debris. Focal calcium deposits appeared to cover 
degenerating collagen fibers (Fig. 3). Similar calcium deposits 
were present in fibrillary cytoplasmic debris within degen- 
erating cells and some deposits were continuous between the 
extracellular and intracellular zones. 


Case 2 


This boy (HSC 1025668) first presented at age 13 years after 
sudden shortness of breath, palpitations and tachycardia had 
developed while he was playing basketball. He was found to 
have aortic regurgitation and the valve was replaced with a 
27 mm Hancock porcine xenograft. The native valve was bi- 
cuspid and sclerotic and had focal calcification at the free edge 
of one cusp. 

The patient remained well for 33 months and was then 
readmitted with gross hematuria and a blood hemoglobin level 
of 8.9 g/100 ml. Examination, including cardiac catheteriza- 
tion, disclosed gross aortic regurgitation and stenosis. The 
congestive failure increased and the xenograft was replaced 
3 years after its implantation with a 25 mm modified orifice 
Hancock porcine valve. Blood cultures taken at operation grew 
Hemophilus aphrophilus, and a portion of the excised valve 
grew the same organism. The patient was treated with the 
appropriate antibiotic drugs, and no further blood cultures 
were positive. Since then he has remained well. 

Valve description: On gross examination all three cusps 
of the excised Hancock valve were frayed and ruptured. X-ray 
films revealed extensive calcification in the cusp tissue and 
in the pig aorta that lined the stents (Fig. 4). 

Histologically, the valve cusps in some areas were thinned 
and frayed and also showed focal areas of collagen disinte- 
gration in the fibrosa with many such foci calcified. A few tiny 
foci of calcification were present in host tissue covering the 
tips of the stents but large masses of calcium were found at the 
base of the cusp remnants. These were mainly located in the 
dense collagen tissue of the graft but some masses broke 
through the surfaces of the cusps, disrupting host tissue that 
covered the base of the cusps. No fibrin was associated with 
the calcium masses. Sheet-like calcification also affected the 
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pig aorta lining the stents and was seen focally in pig myo- 
cardium incorporated in the xenograft ring. There was no 
evidence of either thrombosis or an active or healed endo- 
carditis on the surface of the cusps. Special stains for micro- 
organisms were negative. 


Case 3 


This boy (HSC 957726) had a primum type atrial septal 
defect repaired at age 10 years. There had been moderately 
severe mitral regurgitation, and at operation he was found to 
have a double orifice mitral valve. The valve was replaced with 
a 27 mm Hancock valve. Forty-five months later the boy died 
in the United Kingdom during an emergency prosthetic valve 
replacement necessitated by severe congestive heart failure. 
The excised valve was grossly calcified and its lumen ob- 
structed. 


Discussion 


Incidence of porcine xenograft calcification: 
Some clinical reports’-!* dealing with large series of 
patients treated with porcine xenograft heart valves and 
followed up for up to 7 years have indicated a small in- 
cidence of calcification in the grafts; other reports!*-!6 
do not mention calcification as a complication of this 
type of prosthesis. The patients in these reported series 
were probably adults, but most of the studies provide 
no information about the patients’ age or sex or the site 
or duration of implantation of the xenograft. Also, the 
histologic localization of calcification is usually not 
stated. Pathologic studies of excised porcine xenografts 
have infrequently shown calcification. For example, 
Spray and Roberts!” found calcification in only 2 of 18 
Hancock valves excised 2 to 75 months after implan- 
tation. Ferrans et al.!8 demonstrated calcification (by 
X-ray examination) in only 1 of 12 Hancock valves im- 
planted in patients for up to 76 months. 

In contrast, there have been several reports!® of 
calcification and calcific stenosis of xenograft heart 
valves in children; the data from these reports are shown 
in Table I for comparison with the findings in our three 
cases. Again, these reported studies pay little attention 
to the morphologic features of the calcification and they 
do not always indicate whether the calcium was present 
in host or graft tissue or in organized thrombi. 

The 3 children in this report are from a series of 93 
children with successful porcine valve implantation 
performed at our institution. Fifty-seven of these valves 
were incorporated in a conduit, and calcification has not 
yet been detected in any of these. Of the remaining 36 
xenografts, 19 are in the aortic position, 9 in the mitral, 
5 in the pulmonary and 8 in the tricuspid position. The 
follow-up time ranges from 4 months to 5 1/2 years. The 
incidence of calcification is less in our series than in 
those of others*® cited in Table I; however, most of the 
xenografts in our series have been in place for shorter 
periods than the three that have failed. 

Site and distribution of valve calcification: We 
found the calcification maximal in graft tissue and close 
to the commissures in our first two cases (Fig. 1 and 4). 
Such a distribution was not mentioned in other reports 
except that of Geha et al. and would probably not be 
noted unless the pathologic specimen was subjected to 
X-ray examination. We observed in a 3 year old boy a 
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FIGURE 3. Case 1. Electron micrograph of very electron-dense calcium 
deposits in the cusp fibrosa. The calcium coats degenerating collagen 
fibers, which are better preserved in the upper left, where their periodic 
banding is visible. Elsewhere collagen fibers are disintegrating and 
appear as granular debris. (Uranyl acetate and lead citrate X47,500, 
reduced by 5 percent.) 


similar distribution of calcium in an Ionescu-Shiley 
valve removed after 14 months in the mitral position 
because of stenosis due to organizing thrombi. We think 
this deposition may be at the sites of maximal stress as 
determined by in vitro testing of tissue valves.!9 

The more diffuse calcification found in the pig aorta 
lining the stents (Fig. 1 and 4) is in keeping with the 
known tendency of calcium to be deposited on elastic 





FIGURE 4. Case 2. X-ray films showing two views of excised Hancock 
xenograft valve. Cusp calcification is maximal near the commissures. 
Laminar calcification in the pig aorta lining the stents is particularly} 
noticeable in the side view. (Actual size.) 
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TABLE 1 








Calcification in Pig Xenografts in Children: Comparison of Clinical Features of Reported Cases and Present Three Cases 
Position of 
Sex/Age (yr) Prosthesis/Total Duration of 
Case At 2nd Operation Children in Implantation 
Reference or Death Series (mo) Clinical Course 
Levitsky ' Male/9 Mitral 19 Severe calcific stenosis requiring valve 
replacement 
Brown et al.? Child/7 Mitral 36 Prosthetic stenosis, then sudden disruption of 
heavily calcified valve requiring its 
replacement 
Rose et al. Male/14 Mitral 12 Patient died from severe calcific stenosis 
Kutsche et al.4 3 children/2-15 Mitral/9 an Calcific stenosis requiring valve replacement 
4 
58 
Bachet et al. 2 children/8-12 Mitral 6 Calcific stenosis requiring valve replacement 
16 
Child/8-12 Aortic 26 Sudden aortic regurgitation with shock; valve 
replaced and found to have torn cusp as well 
as calcific stenosis 
Geha et al.® Female/11'/, Aortic/11 26 Calcific stenosis requiring valve replacement; 
early postoperative death 
Female/14 Aortic/11 45 Calcific stenosis requiring valve replacement 
Male/17 Aortic/11 41 Calcific stenosis requiring valve replacement 
Male/7 Mitral/9 22 Calcific stenosis requiring valve replacement 
Female/11 Mitral/9 18 Calcific stenosis requiring valve replacement 
Present series : 7 ci 
Case 1 Male/ 16 Aortic/19 22 Calcific stenosis requiring valve replacement 
Case 2 Male/16 Aortic/19 36 Sudden onset of severe prosthetic regurgitation 
and hematuria requiring valve replacement; 
Hemophilus aphrophilus bacteremia 
Case 3 Male/ 13 Mitral/9 45 Severe calcific stenosis with congestive heart 


fibers.”?1 The occurrence of the calcification in the pig 
aortic tissue in broad sheets suggests that the stents may 
have been less flexible than their designers intended. 

Our observations indicated that the calcification was 
focal, present most prominently within degenerating 
collagen lamellae in xenograft tissue. In our cases there 
were no thrombotic or infected vegetations. This focal 
distribution is in keeping with a local tissue factor 
postulated in dystrophic calcification (see Eisenstein2° 
and Howell?? for reviews). 

In adults with xenografts such focal dystrophic cal- 
cification is rare, even in the presence of tissue deteri- 
oration.!”?5 It is rarer, indeed, than one might expect 
considering that nonviable tissue is bathed in blood and 
subjected to systemic blood pressure levels. The tanning 
with glutaraldehyde of porcine heart valves or pros- 
theses made of other heterologous tissue and currently 
in use is considered the reason for their relative stability 
when compared with fresh or formalin-treated tissue 
valves.?? However, the collagen of such valves and in- 
deed of all tissue valves used until now gradually dete- 
riorates, degenerates and may calcify. Prior treatment 
with glutaraldehyde may delay this process but does not 
stop it. 

Mechanisms for valve calcification in children: 
The basic process of soft tissue calcification is still 
poorly understood. We believe that dystrophic and 
metastatic calcification may involve a similar mecha- 
nism. They are separated arbitrarily according to 
whether the serum calcium is “normal” or not. The 
calcification that occurs in porcine xenografts is usually 


failure; died during emergency replacement 





considered dystrophic, but calcification in some xeno- 
grafts may be metastatic and yet focal in distribution. 
Focal calcification in xenografts has been reported in 
patients requiring long-term hemodialysis because of 
chronic renal failure.!°!! Such patients are known to 
have extensive soft tissue calcification that is not related 
to the known variables of calcium homeostasis.”4 

The apparently increased frequency of calcification 
in xenografts implanted in children suggests that a host 
factor in children may override the apparent protection 
against calcification conferred by glutaraldehyde pre- 
treatment of tissue in adults. Possibly this host factor 
is related to calcium homeostasis. Children have a 
positive calcium balance? and have a more labile cal- 
cium homeostasis than do adults.” Our first patient was 
an exceptionally active boy who had broken bones 
during athletic activities in the 22 months his xenograft 
was in place. Our second patient had nodular calcifi- 
cation in the free edge of his native congenitally bicuspid 
aortic valve. 

Examination of Table I suggests that in children with 
xenograft valves calcific stenosis is more likely to occur 
than rupture of a degenerated cusp and that the stenosis 
may precede such rupture. The latter event would be 
more likely than the former to result in a condition re- 
quiring emergency surgery. The calcific excrescences 
eroding through the cusp surface could form a nidus for 
infection. This appears to have occurred in our Case 2 
because Hemophilus aphrophilis was cultured from 
several blood samples just prior to operation as well as 
from a portion of ruptured cusp, although the patient 
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had had no evidence of endocarditis in the 2 1/2 months 
during which severe aortic regurgitation was apparent 
prior to this operation. 

Indications for use of porcine xenograft valve in 
children: In adults xenograft failure occurs because 
-cusp perforation develops as a result of localized areas 
“of collagen degeneration.” Carpentier et al.” state that 
the “... nature of the occasional valve failure is pro- 

gressive and thereby permits elective reoperation under 
optimal conditions.” Thus, in children, the risk of pos- 
sible development of calcific stenosis in a xenograft 
valve might be a preferable to the risk of possible sud- 
‘den disruption. However, because calcification appar- 
ently occurs so prematurely in children with the xeno- 


graft valve,'-® these prostheses may not be appropriate 
in this age group. Possibly, in children, the presence of 
calcification in a failed xenograft or in. an excised native 
valve is an indication for valve replacement with a 
nontissue prosthesis. At our institution we continue to 
use porcine xenograft valves because the avoidance of 
anticoagulation in active children is very desirable. {n 
addition, the young child requiring mitral valve re- 
placement will need frequent reoperation (perhaps _ 
within 5 years) to replace the prosthesis in a larger valve __ 
in order to accommodate the child's growth. The con- — 
tinuing need for development of a prosthetic valve with _ 
improved hemodynamics that can be used without an- 
ticoagulation is particularly obvious in children. 
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Despite the widespread use of glutaraldehyde-preserved porcine xeno- 
grafts, severe short-term calcification of these valves has been infre- 
quently reported. This report describes four cases of glutaraldehyde- 
preserved porcine xenografts in the mitral valve position in which severe 
Calcification occurred within 17 to 25 months of implantation. All four 
patients were children, aged 13 to 15 years. 

The clinical presentation in all four cases occurred at a late stage when 
there was severe xenograft obstruction, with acute symptoms of cardiac 
decompensation in the presence of pulmonary hypertension and right heart 
failure. There was rapid cardiac deterioration resulting in a low output state 
and episodic pulmonary edema necessitating urgent mitral valve re- 
placement. In only one case was there clear auscultatory evidence. of 
severe mitral stenosis. Calcification of these xenografts occurred in the 
presence of normal serum calcium levels and was not related to infective 
endocarditis. 

Histologic examination of the calcified xenografts strongly suggested 
dystrophic calcification resulting from primary collagen degeneration. 
The exact cause is unclear, but it appears that glutaraldehyde-preserved 
porcine xenografis may produce severe short-term calcification with acute 
hemodynamic deterioration necessitating urgent valve replacement and 
that this accelerated calcification may be a complication in young per- 
sons. 


The glutaraldehyde-preserved stented porcine xenograft has been widely 
used as a substitute cardiac valve, and in many centers it has become the 
prosthesis of choice; yet very little is known regarding the structural and 
pathologic changes of this valve after implantation.!-8 Valve-related 
complications of this type of valve prosthesis have been uncommon, and 
its major advantage over the nonbiologic prosthesis has been the low 
incidence rate of thromboembolism without anticoagulation.! 9-16 Other 
complications described in common with other valve prostheses have’ 
been perivalve leaks, infective endocarditis, thromboses, calcifieation — 
and overgrowth of fibrous tissue with interference of valve func- 
tion.349.11-13 

Severe stenosis of the glutaraldehvde-preserved porcine xenograft 
due to severe short-term calcification has been extremely rare; only two 
previous case reports!*!> have described this problem with the xenograft 
in the mitral valve position. This rarity is remarkable when one considers 
the widespread use of the prosthesis over the last 7 years. This report 
describes four cases of severe calcification of glutaraldehyde-preserved 
porcine xenografts in the mitral valve position producing critical ob- 
struction. All the patients were less than 15 years of age and underwent 
subsequent valve replacement. All are now well. 
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Case Reports 
Case 1 


A-15 year old Indian boy underwent mitral valve replace- 
ment with a 31 mm glutaraldehyde-preserved Carpentier- 
-Edwards xenograft for mixed mitral valve disease. His post- 
~ “operative course was uneventful and he was followed up after 
discharge for 7 months; during this time no murmurs were 
heard. He then defaulted for 14 months and presented again 
with a history of orthopnea and swelling of the legs of 1 week’s 
~ duration; There was no history of intervening treatment, 
hospitalization or infective endocarditis. 

« Onexamination, there was no fever, pallor or clubbing. The 
pulse. rate was 120/min, regular and of small volume. The 
blood présstire was 90/70 mm Hg and the jugular venous 
pressure was elevated at 5 cm. A grade 3/6 pansystolic murmur 
Was present at the apex, but no diastolic murmur was audible. 
The pulmonary component of the second heart sound was 
markedly accentuated. Bilateral crepitations were present in 
the chest; the liver was tender and palpable 7.5 cm below the 
costal margin. 

An electrocardiogram showed sinus rhythm at a rate of 
~ 120/min, a mean frontal QRS axis of +100° and evidence of 
right ventricular hypertrophy. The chest X-ray film demon- 
strated an enlarged pulmonary artery and prominent left 
atrium. The cardiothoracic ratio was 0.61. A clinical diagnosis 
was made of a leaking xenograft with pulmonary edema, 
pulmonary hypertension and right heart failure. 

Laboratory tests revealed a blood hemoglobin level of 13 
g/dl and an erythrocyte sedimentation rate of 3 mm in 1 hour. 
Results of the white cell count, urea and electrolyte determi- 
nations, urine analysis, blood cultures, serum complement and 
serum calcium measurements were normal. 

Urgent mitral valve replacement was undertaken because 
of recurrent episodes of pulmonary edema that did not re- 
spond to medical therapy. At operation, the xenograft was 
stenosed and admitted only the tip of the index finger; the 
cusps were heavily calcified and their rigidity was greatly in- 
creased. No evidence of mitral regurgitation was noted. The 
valve was removed and replaced with a 31 mm Carpentier- 
Edwards xenograft. 


Case 2 


A 13 year old Indian girl had mitral valve replacement with 
a 29 mm glutaraldehyde-preserved Carpentier-Edwards 
xenograft for severe rheumatic mitral incompetence. Her 
postoperative course was uneventful and on regular follow-up 
visits to the cardiac clinic there was no evidence of intervening 
` infective endocarditis, and no murmurs were audible. She was 
well until 25 months after operation when she reported the 
sudden development of dyspnea on exertion and orthopnea 
of 2 weeks’ duration. 

On examination, she was apyrexial, with no pallor or 
clubbing. The pulse rate was 100/min and regular, blood 
pressure was 100/80 mm Hg, the jugular venous pressure was 
elevated at 7 cm with prominent a waves and the apex beat 
was palpable in the fifth intercostal space at the mid clavicular 
line. A right ventricular left parasternal impulse was present 
and at the mitral area a diastolic thrill and a long grade 4/4 
rumbling diastolic murmur was heard. The pulmonary com- 
ponent of the second heart sound was accentuated. At the 
tricuspid area a grade 2/6 pansystolic murmur increasing on 
inspiration was audible. 

An electrocardiogram revealed sinus rhythm (rate 100/ 
min), P pulmonale, a QRS axis of +120° and marked right 
ventricular hypertrophy. The findings 6 months previously 
showed no P pulmonale and an axis of +60°. The chest X-ray 
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film demonstrated a cardiothoracic ratio of 0.68 and avery. — 
prominent pulmonary arterial, left atrial and right ventricular — 
segments compared with findings in a film obtained 6 months 
previously. The hemoglobin level was 12.6 g/dl and: the 
erythrocyte sedimentation rate 8 mm in 1 hour. The serum 
calcium was normal. oo 
Cardiac catheterization (Table I) revealed severe stenosis 
of the xenograft with a mitral valve area of 0.5 cm? and severe ` 
pulmonary hypertension. Left ventricular angiography re~ 
vealed a small left ventricle with good contractility and very 
little blood crossing the xenograft. The patient required | 
emergency mitral valve replacement immediately. after 
catheterization because of severe decompensation. At oper 
ation the three cusps of the xenograft were grossly calcified, 
and there was only a pinhole central orifice. A 29 mm Hancock 
xenograft was inserted. i 


Case 3 


A 14 year old African girl had mitral valve replacement with > 
a 29 mm Carpentier-Edwards xenograft for rheumatic mixed - 
mitral valve disease. Her postoperative course was uneventful 
and she made regular follow-up clinic visits; there was no.in- 
tervening history of, or treatment for, infective endocarditis. 
No abnormal murmurs were detected in the follow-up periad. 
Seventeen months after mitral valve replacement orthopnea — 
and extreme tiredness developed. The symptomatic disability 
had occurred abruptly and was of only 1 week’s duration. 
On examination, no pallor, clubbing or fever was found. She. 
had tachycardia (rate 120/min) and a pulse of small volume; 
jugular venous pressure was elevated at 8 em and the apex beat 
was tapping in character in the fifth intercostal space. A right 
ventricular left parasternal impulse was present. A grade 3/6. 
pansystolic murmur increasing with inspiration was present 
at the apical area; no diastolic murmur was audible. 
An electrocardiogram revealed a frontal QRS axis shift from ` 
+60° to +120°, and a markedly enlarged left atrium compared ` 
with findings in an electrocardiogram obtained 3 months 
earlier. The chest X-ray film demonstrated a cardiothoracic 
ratio of 0.62 with increased left atrial, pulmonary arterial and _. 
right ventricular segments compared with those observed in < 
films obtained 6 months earlier. The hemoglobin level was 11 
g/dl, and the erythrocyte sedimentation rate was 7 mm ini: 
hour; the white cell count and serum calcium levels were 
normal. 
Cardiac catheterization (Table I) revealed stenosis of the 
xenograft with a calculated valve area of 0.4 cm? and marked 
pulmonary hypertension. A left ventricular angiogram dem- 
onstrated a small, well contracting left ventricle with very little 








TABLE | 
Cardiac Catheterization Data 
Case 2 Case 3 
Pressures (mm Hg) 
Right atrium 10 16 
Right ventricle 90/7-14 11074-10 
Pulmonary artery 90/45 120/70 
mean 60 mean 87 
Pulmonary capillary wedge 38; a 40; v 4å; a 50; v 
38 48 
Aorta 100/60 105/78 
mean 73 mean 87 
Left ventricle 10070-8 105/0-8 
Mitral mean diastolic gradient 28 33 
Pulmonary capillary wedge 28 30 
end-diastolic gradient 
Mitral valve area (cm?) 0.5 0.4 
Cardiac output (liters/min) 2.4 1.8 
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FIGURE 1. Case 3. Left, atrial surface of glutaraldehyde-preserved Carpentier-Edwards xenograft showing severe calcification. There is a small 
traumatic laceration on right upper cusp. Right, ventricular surface of the xenograft showing extensive nodular calcification with fusion of cusps 


and a virtually nonexistent orifice. 


blood crossing the xenograft. After catheterization, the patient 
needed respiratory and cardiac support because of a severe 
low output state and respiratory distress. 

Emergency mitral valve replacement was undertaken. At 
operation the xenograft was found to be extensively calcified 
with a pinhole central orifice (Fig. 1). The xenograft was re- 
moved and replaced with a 29 mm Hancock xenograft. 





Case 4 


A 14 year old African boy had mitral valve replacement with 
a 31 mm glutaraldehyde-preserved Hancock xenograft for 
severe rheumatic mitral incompetence. His postoperative 
course was uneventful. He was well until 19 months after the 
operation when he presented with swelling of the legs and 
dyspnea on exertion of 1 week’s duration. 


FIGURE 2. Top, Case 2. Xenograft cusp 
showing focal calcification resulting in 
nodular thickening. Bottom, Case 3. Xen- 
ograft cusp demonstrating central linear 
calcification without thickening of the 
cusp. (Von Kossa X70 [top] and X200 
[bottom].) 
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On examination, the pulse was of small volume at 100/min 
and regular and the jugular venous pressure was elevated at 
6 cm. The left parasternal impulse was right ventricular in 
type. A short grade 1/4 mid diastolic murmur was present at 
the mitral area and a grade 2/6 pansystolic murmur was au- 
dible at the tricuspid area. 

An electrocardiogram, when compared with the record 
obtained 6 months previously, showed a shift of the mean 
frontal QRS axis from 0° and 90° and left atrial enlargement; 
the chest X-ray film demonstrated left atrial and right ven- 
tricular enlargement. 

At operation, the Hancock valve was found to be grossly 
calcified with fenestration of one of the leaflets. The bio- 
prosthesis was removed and replaced with a size 31 mm 
Hancock xenograft. 


Operative Techniques 


The original operative technique in each case was similar, 
with use of cardiopulmonary bypass at normothermia. Before 
implantation, the bioprosthesis was rinsed three times in a 
sterile saline solution for 5 minutes in each rinse. Venting was 
achieved using a size 24 French angled Argyle cannula that 
was passed through the left atriotomy and implanted valve 
into the left ventricular cavity. The vent was maintained in 
this position for approximately 10 minutes in each case. 


Cardiac Pathology and Histology 


The valve cusps were extensively calcified in all four cases. 
In one cusp a continuous band of calcification was present 
throughout its length, but in others deposition was focal with 
intervening uncalcified portions. In some areas the calcifica- 
tion was heavy, resulting in nodular thickening (Fig. 2, top); 
elsewhere it was linear and centrally located without apparent 
thickening of the cusp (Fig. 2, bottom). The appearances, 
particularly of the nonthickened portions, suggested dystro- 
phic calcification rather than calcification of overlying 
thrombosis. 

Donor heart muscle was present at the base of one cusp in 
three cases. Dystrophic calcification of muscle fibers was 
marked in two of these cases but minimal in the third (Fig. 
3). 

Surface thrombus was present in two cases (Cases 1 and 4). 
In Case 1, foci of calcification (Fig. 4, left) were present in the 
thrombus, and the opposite side of the cusp showed a mixed 
inflammatory infiltrate in the superficial layers (Fig. 4, right). 
The infiltrate consisted of lymphocytes, neutrophils, macro- 
phages and eosinophils; its significance is not known. In- 
flammatory cells were not present in the thrombus. No evi- 
dence of inflammation was found in the other three cases. 

Electron microscopy of a portion of one of the cusps in Case 
4 (Fig. 5) showed groups of collagen fibrils in amorphous 
material that presumably represents products of collagen 
degeneration. 


Discussion 


An ideal preservative agent for stabilization of xen- 
ografts should guarantee sterilization and eliminate 
antigenic components, thus preventing host immune 
reaction and promoting strong, irreversible cross-linking 
of collagen molecules to prevent collagen degeneration 
and maintain architectural integrity. These features 
enhance durability. Reports of several series™47 have 
described greater durability of xenografts preserved 
with glutaraldehyde as opposed to formalin. This has 
been ascribed mainly to the superior fixation process 
with glutaraldehyde, which provides stronger cross- 
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linkage of collagen molecules and less tissue antige- 
nicity.*-16 

Glutaraldehyde-preserved, mounted aortic porcine 
xenografts are considered safe and effective biopros- 
theses in the mitral valve position. Adequate hemody- 
namic function is obtained, there is a small incidence 
of thromboembolism without anticoagulation and re- 
ports? of short- and medium-term durability are 
good. 

In our institution, the glutaraldehyde-preserved 
porcine xenograft has been the prosthesis of choice for 
valve replacement, and 400 have been implanted over 
the past 5 years. The four cases of severe calcification 
reported here occurred only over the last 18 months and 
represent 1 percent of the total number of implanted 
prostheses. 

Clinical presentation: Our four cases were charac- 
terized by the acuteness of the presentation and lack of 
symptoms until onset, absence of auscultatory evidence 
of mitral stenosis in some cases, youth of the patients 
and pathologic features of the valves. 

The pattern of deterioration and clinical presentation 
of the four patients was interesting. Mild and moderate 
stenosis appeared to cause minimal symptomatic dis- 
ability, if any; however, when severe symptoms devel- 
oped, the onset was acute and related to critical stenosis. 
Clinical deterioration was rapid, taking the form of a low 
output state and episodes of pulmonary edema in the 
presence of pulmonary hypertension and right heart 





FIGURE 3. Case 4. Donor heart muscle at base of one cusp of the 
xenograft showing calcification of muscle. (Von Kossa X200.) 7 
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FIGURE 4. Case 1. Left, evidence of calcification of surface thrombus. Right, 
xenograft cusp with calcification of muscle and adjacent superficial inflammatory 
infiltrate consisting of lymphocytes, neutrophils, macrophages and eosinophils 


(Hematoxylin-eosin X 200, reduced by 19 percent.) 


failure necessitating urgent mitral valve replacement. 
Cardiac catheterization data vividly illustrate the poor 
hemodynamic status and severity of the pulmonary 
hypertension. 

Previous reports have usually described xenograft 
deterioration as gradual, with elective operation under 
optimal conditions being advocated. In the reported 
cases, valve failure has usually been secondary to 
regurgitant lesions. Our cases highlight the possibility 
that when obstructive lesions develop, emergency sur- 
gery may be necessary. 


FIGURE 5. Case 4. Electron micrograph of a portion of a xenograft cusp 
showing collagen fibrils in amorphous material. (X 4,000.) 








Diagnosis of valve dysfunction: The absence of 
auscultatory evidence of mitral valve dysfunction and 
misinterpretation of murmurs in some cases of glutar- 
aldehyde-preserved porcine xenograft with stenosis 
deserves comment. In two patients, repeated auscul- 
tation failed to reveal any evidence of a mitral diastolic 
murmur, and in the third patient only a short diastolic 
murmur was present, in spite of the existence of severe 
stenosis. This unusual finding can be explained by ex- 
amination of the left ventriculograms in the two patients 
who underwent catheterization. In both cases, flow 
across the bioprosthesis was minimal, in keeping with 
the low cardiac output. 

Auscultation alone may be unhelpful and difficult in 
the diagnosis of stenotic xenografts in the mitral valve 
position. Forfar et al.!4 experienced this problem im- 
mediately postoperatively in their patient who under- 
went aortic and mitral valve replacement with xeno- 
grafts. They noted no auscultatory evidence of mitral 
valve dysfunction despite the presence of severe stenosis 
of the mitral xenograft. Furthermore, they misinter- 
preted a murmur of pulmonary regurgitation as aortic 
regurgitation and incorrectly believed that the patient 
needed aortic valve replacement. 

In our Case 1 we misdiagnosed a leaking xenograft. 
The murmur of tricuspid regurgitation may be well 
heard at the apical area because of right ventricular 
hypertrophy and rotation anteriorly and, in the absence 
of a mitral mid diastolic murmur, as described, it is easy 
to arrive at an auscultatory misdiagnosis of a leaking 
xenograft. 
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Other diagnostic features used in conjunction with 
clinical findings include electrocardiographic evidence 
of rightward shift of the mean frontal QRS axis and 
radiologic signs of i increasing left atrial and pulmonary 
- -arterial segments in the chest X-ray film. Although 

- echocardiography was not performed in any of our cases, 
this investigation may provide valuable early informa- 
‘tion on stenotic prosthestic valve dysfunction. Alam et 
=al. described M mode features of porcine valve stenosis 
-as consisting of increased cusp echoes and loss of normal 

< cusp detail. Others!®!9 have described a reduction in the 
initial diastolic slope of the porcine stent. 

Age and race: All four patients were young, with a 
mean age of 14 years. The patients described by Forfar!4 
‘and Rose! and their co-workers were also young: 12 and 
26 years, respectively. From the age of all the patients 


< involved, it appears that accelerated calcification of 


glutaraldehye-preserved porcine xenografts may be a 
more common occurrence in the young person. Hence, 
the implication is that the glutaraldehyde-preserved 
porcine xenograft may not be the ideal prosthesis in the 
young person. 

Two of our patients were Indian and two were Afri- 
éan; the patient described by Forfar et al.!4 was white. 
The small number of cases does not allow any valid 
conclusion relating to racial predilection. 

Incidence of early valve calcification: Severe early 
calcification of glutaraldehyde-preserved porcine xen- 
ografts in the mitral valve position has been extremely 
rare. Only two cases have previously been reported: one, 
described by Forfar et al.,!4 of severe microscopic cal- 
cification of a Carpentier-Edwards bioprosthesis within 
19 days of implantation, and the other, described by 
Rose et al! of severe calcification in a Hancock 
bioprosthesis removed at autopsy 12 months after im- 
plantation. 

Collagen degeneration as a cause of calcification: 
The striking feature of our cases is the severe calcifica- 
tion of these xenografts and relatively short interval 
from implantation to calcification. Furthermore, no 
patients had any disturbance of calctum metabolism or 
previous infective endocarditis. The histologic features 
strongly suggest dystrophic calcification from primary 
heterograft failure, that is, primary collagen degenera- 
tion. Carpentier et al.” reported that denaturation of 
collagen after several years appeared to be a major 
problem, but the alarming feature in all of our cases was 
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the severe degeneration of collagen occurring relatively : 
early, at a mean duration of 19 months. 
A further feature in three of our cases was the total 
absence of immunocompetent or inflammatory cells in. 
the presence of collagen degeneration and severe cal- 
cification. Spray and Roberts?! described inflammatory. 
cells or immunologically competent cells, or both, in 
more than 70 percent of their grafts removed 2 to 25- 
months after implantation. Their two cases with severe. 


. disruption of cusp tissue demonstrated only a few giant 


cells despite the presence of collagen degeneration and | 
calcification. The absence of a cell infiltrate in our three _ 
cases may be related to primary collagen degeneration 
itself, as previously described by Carpentier et al? 
The exact cause for collagen degeneration and ac- 
celerated calcification of these prostheses is unclear, 
although increased calcium turnover or immunologic - 
factors, or both, may play a role. Additional follow-up _ 
series are needed to assess the etiology and magnitude 
of this problem. 
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Addendum 


Since submission of this manuscript, a further six 
children (age range 11 to 16 years; mean 13) and one 
adult (22 years) have presented with severely calcified: 
glutaraldehyde-preserved porcine xenografts in the 
mitral valve position. The duration from implantation 
to severe calcification has ranged from 18 to. 36 months 
(mean 26). Four of these were Carpentier-Edwards 
valves and three Hancock xenografts. Further, Kutsche 
et al.22 recently reported findings in nine children who 
underwent mitral valve replacement with a Hancock 
glutaraldehyde-preserved porcine xenograft. In three 
of the nine severe fibrocalcification of the prosthesis 
developed within 3.5 to 4.8 years of implantation. 

These findings tend to confirm: our earlier impression 
that early calcification of these prostheses is a compli- 
cation in children and that the glutaraldehyde-pre- 
served porcine xenograft is not the prosthesis of choice 
for mitral valve replacement in children. Further fol- 
low-up studies are needed to assess the suitability of this 
prosthesis in young adults because one patient in this 
series was 22 years old and the patient reported on by 
Forfar et al.!4 was 26 years old. 
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EDITORIALS 


Silent Myocardial Ischemia in Patients With a Defective 


Anginal Warning System* 


PETER F. COHN, MD, FACC 


Boston, Massachusetts 


The syndrome of silent myocardial ischemia is a subject 
of continuing controversy. Although some physicians 
doubt that it is possible to have myocardial ischemia 
without anginal symptoms, most physicians believe it 
occurs but are unsure of its prevalence and clinical sig- 
nificance. Because angina may be regarded as a warning 
to stop an activity before there is further potentially 
fatal damage to the myocardium, patients who do not 
experience it during myocardial ischemia—or whose 
symptoms are so trivial as to be disregarded—may be 
thought of as having a defective anginal warning sys- 
tem. The defect may be considered incomplete in pa- 
tients whose ischemic episodes are occasionally symp- 
tomatic and complete in patients who never experience 
angina. 

In discussing this syndrome, two assumptions need 
to be made. The first assumption is that there are ob- 
jective indicators of myocardial ischemia that can be 
evaluated in clinical studies and correlated with the 
presence or absence of symptoms. This assumption 
appears valid. Generally accepted indicators of myo- 
cardial ischemia include stress-induced abnormalities 
of left ventricular wall motion, myocardial perfusion and 
lactate metabolism in regions subserved by stenosed 
coronary arteries. In the absence of symptoms, there is 
perhaps less agreement concerning the reliability of 
certain electrocardiographic indicators of myocardial 
ischemia such as S-T segment abnormalities and ven- 
tricular arrhythmias. The second assumption is that the 
history taken accurately reflects the absence of angina 
pectoris or its usual equivalents in the particular pa- 
tient. The validity of this second assumption rests 
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Brigham Hospital and Harvard Medical School, Boston, Massachusetts. 
Manuscript received August 20, 1979; revised manuscript received and 
accepted November 20, 1979. 

Address for reprints: Peter F. Cohn, MD, Cardiovascular Division, 
Peter Bent Brigham Hospital, 721 Huntington Avenue, Boston, Mas- 
sachusetts 02115. 


mainly on the many studies (to be cited subsequently) 
from different centers involving a large number of ex- 
perienced cardiologists who would be expected to be 
reliable historians. 


Prevalence of Silent Myocardial Ischemia in 
Symptomatic Persons 


The prevalence of this syndrome in symptomatic 
patients is unknown, but it appears to occur more 
commonly than is generally appreciated. Some estimate 
of its frequency can be obtained by reviewing the pub- 
lished studies dealing with the abnormalities of myo- 
cardial function. Pertinent representative studies are 
summarized in Table I and commented on more fully 
in the subsequent sections. 

Regional abnormalities of ventricular wall mo- 
tion: The initial studies in this area were performed 
with contrast ventriculography. Myocardial ischemia 
was induced by means of rapid atrial pacing. The end 
point was either angina or, in its absence, S-T segment 
abnormalities or a target heart rate. The control and 
stress ventriculograms were then compared for evidence 
of new abnormalities of wall motion or worsening of 
prior abnormalities. For example, in the study by 
Dwyer,! three (38 percent) of eight patients with coro- 
nary artery disease who exhibited these abnormalities 
had no symptoms but did have associated S-T segment 
depression. In another study,? six (76 percent) of eight 
patients had no symptoms and five of the six had S-T 
segment depression. The bicycle ergometer has also 
been used to precipitate left ventricular dysfunction 
during contrast ventriculography® and echocardiogra- 
phy,* but relevant data concerning wall motion changes 
and anginal symptoms are not clearly specified in these 
reported studies. More information is available from 
studies combining bicycle exercise with radionuclide 
ventriculography. Borer et al. did not elicit angina in 
18 (29 percent) of 63 patients who had regional dys- 


* Editorials published by the Journal reflect the views of the authors and do not necessarily 
represent the views of the Journal or the American College of Cardiology. 
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function during this type of test, whereas in a smaller 
series® of patients in the postinfarction state, 6 (75 
percent) of 8 were free of angina. 

Abnormal lactate metabolism: Normally, the heart. 
does not produce lactate, but it may do so during myo- 
cardial ischemia. This can be demonstrated clinically 
with a catheter positioned in the coronary sinus. The 
catheter serves a dual purpose: to pace the heart to 
ischemia and to sample coronary sinus blood for lactate 
levels. Because the coronary sinus effluent is largely 
from the area subserved by the left coronary artery, 
abnormal lactate metabolism reflects myocardial 
ischemia when that vessel system is diseased. In such 
patients, the prevalence of lactate abnormalities without 
anginal symptoms has ranged from 1 (7 percent)’ of 14 
to 8 (36 percent) of 22.8 

Myocardial perfusion defects: The demonstration 
of new defects in scintigrams performed during exercise 
with potassium-43 or its analogs is considered evidence 
of myocardial ischemia in the presence of coronary ar- 
tery disease. Many, but not all, such defects are asso- 
ciated with S-T segment changes. In one study,? 20 (57 
percent) of 35 patients with angiographically proved 
coronary artery disease and new defects on thallium-201 
exercise scanning reported no exercise-induced angina; 
in another study,!° 6 (19 percent) of 29 patients with 
abnormal rubidium-81 exercise scintigrams did not have 
angina during the exercise. 

Electrocardiographic abnormalities: Several 
groups have commented on the absence of angina or its 
equivalents during or after exercise tests showing 
ischemic (flat or downsloping) S-T segment depression 
in patients with angiographically defined coronary ar- 
tery disease. Although the exercise techniques and 
definitions of anginal equivalents are not necessarily 
identical, these figures nevertheless provide an indica- 
tion of how frequently this finding is observed. In the 


TABLE |! 
Myocardial ischemia Without Anginal Symptoms 


five studies'!~5 cited-in Table I, 32 percent of the p 
itive exercise tests were not associated with ang! 
symptoms. This is very similar to the 36 percent in 
dence rate found during abnormal ventricular v 
motion, lactate and myocardial perfusion studies : 
suggests that these electrocardiographic findings 
indeed reliable. In one of the two studies from the Pe 
Bent Brigham Hospital, clinical, hemodynamic : 
angiographic features in the patients with and with 
angina on exercise testing were compared. Some of th 
features included prior history of myocardial infarct 
hyperglycemia, taking of various cardiac medicati 
such as digitalis and propranolol, depth of S-T segm 
depression on exercise and frequency of multive: 
disease. No significant differences between the | 
groups were found. However, other workers have 
ported a greater frequency of multivessel disease in 
patients with test-induced angina. 114 

Ambulatory electrocardiographic monitoring n 
also reveal painless episodes of S-T segment depress 
in patients with coronary artery disease. Despite c 
cern about the reliability of lesser grades of S-T segm 
depression cbserved with this technique, the ambt 
tory electrocardiogram does provide additional d 
concerning the prevalence of silent myocardial ischer 
For example, in one study,!® 13 (35 percent) of 37- 
tients reported nosymptoms during the electroearc 
graphic changes. In another study,!’ 309 (75 perce 
of 411 episodes of transmural ischemia were not 
companied by angina. In that study, nitroglycerin : 
ministered hourly significantly reduced the frequei 
of these episodes, thus supporting the concept that th 
electrocardiographic abnormalities represented pain] 
myocardial ischemia. 

Ventricular ectopic-activity can also be obseri 
without angina. When the ventricular premat 
complexes are frequent or of a malignant nature (c 








Patients With CAD Manifesting Abnormality __ 

















Group Without Angina* 
Abnormality Suggestive of Myocardial ischemia Total Group {n} no. % 
Anormal left ventricular wall motion &7 33 39% 
Pacing contrast ventriculogram' 8 3 38% 
Pacing contrast ventriculogram? 8 6 75% 
Exercise radionuclide ventriculogram® 83 18 29% 
Exercise radionuclide ventriculogram® 8 § 75% 
Abnormal lactate metabolism 36 9 25% 
Pacing study” 14 1 7% 
Pacing study® 22 8 36% 
Abnormal myocardial perfusion scintigrams 64 26 40% 
Thallium-201 study 35 20 57% 
Rubidium-81 study’? 29 5 19% 
Electrocardiographic stress test 568 186 32% ` 
Treadmill test"? 135 23 17% 
Treadmill test? 122 32 26% 
Bicycle and two-step test '® 59 15 26% 
Treadmill test'4 146 68 45% 
Treadmill test ' 102 48 47% 
Total 755 254 34% 





* Although not symptomatic during this test, almost all patients in these studies had a history of angina or prior myocardial infarction ( 


text). 
CAD = coronary artery disease. 
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plets, ventricular tachycardia) and coronary artery 
disease is present, one can presume that the ectopic 
activity is related to myocardial ischemia, especially 
because many of the arrhythmic episodes are also as- 
sociated with S-T segment changes in normally con- 
ducted complexes. One of the better documented 
studies!® of angina and ectopic activity demonstrated 
that frequent ventricular complexes, couplets or ven- 
‘tricular tachycardia was present in 27 (23 percent) of 
115 patients with coronary disease whose maximal ex- 
ercise tests were stopped because of fatigue rather than 
angina. This figure was three times higher than that 
observed in the group with angina—an observation that 
will be commented on further when the clinical signif- 
-icance of this syndrome is discussed. 


Prevalence of Silent Myocardial Ischemia in 
Asymptomatic Patients 


In addition to patients-with coronary disease who 
have angina with some, but not all, episodes of myo- 
cardial ischemia, some patients apparently never have 
symptoms. How common are they? The most extensive 
study in this field was performed by Erikssen et al.!9 in 
Norway. Using a combination of screening techniques, 
the most important of which was the exercise test, they 
studied more than 2,000 presumably healthy and 
asymptomatic men aged 40 to 59 years. Of this group, 
105 men were subsequently referred for coronary arte- 
riography on the basis of the screening procedures, and 
67 had evidence of hemodynamically significant coro- 

„nary artery disease, including 51 with multivessel dis- 
ease. Thus, approximately 3.5 percent of this total group 
had truly asymptomatic and significant coronary artery 
disease, Confirmation of this estimate will be difficult 
because normally few patients of this type are referred 
for angiographic study in most clinical centers. Froel- 
icher et al. used a similar approach in 1,390 asymp- 
tomatic U.S. Air Force crewmen, mostly between the 
ages of 35 and 55 years. One hundred thirty-eight were 
selected for coronary arteriography. Thirty-three (2.2 
percent) of the 1,390 crewmen had significant coronary 
artery disease, including 18 with multivessel disease. 

On the basis of these two studies, it would appear that 
2 to 4 percent of middle-aged men have asymptomatic 
significant coronary artery disease. That this figure is 
realistic can also be deduced from epidemiologic studies. 
For example, Bruce et al:?! estimated that 3.5 percent 
of an asymptomatic male population had a seven-fold 
tisk of any subsequent. coronary heart disease event 
(angina, myocardial infarction or sudden death) on the 
basis of abnormal exercise test results. Presumably, this 
subgroup would have been found to have coronary ar- 
tery disease if subjected to coronary arteriography. 
Further evidence that this estimate is accurate can be 
obtained by reviewing autopsy studies performed in 
men not known to have coronary artery disease before 
death and whose death was due to trauma or other 
causes apparently unrelated to heart disease. In sum- 
marizing such data, Diamond and Forrester?” found a 
6.4 percent prevalence rate of coronary artery disease. 
This figure is not that dissimilar to the others cited 
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when one realizes that the autopsy findings do not < 


necessarily imply that all the lesions caused active 4 


ischemia during life. 
Clinical Significance in Symptomatic Individuals 


The relative frequency of silent myocardial ischemia 
(as noted in the studies cited) suggests that many pa- | 
tients with otherwise symptomatic coronary artery 
disease will have one or more episodes of myocardial 


ischemia without anginal symptoms. How often a given |. : 


patient will have repeated asymptomatic episodes is 
unclear from the published data. The ambulatory > 
electrocardiographic studies of Schang and Pepine > 


suggest that such episodes are frequent events in. : 
symptomatic patients. Whether the severity of coronary = 


artery disease influences the occurrence of these epi- 


sodes is also unclear. One exercise electrocardiographic = 


study!3 revealed no distinguishing features between 
patients with and without test induced angina, whereas: 
two others!!-14 showed a lesser prevalence of multivessel 

disease in the asymptomatic group. 

Do episodes of silent myocardial ischemia involve 
less myocardium than angina-related episodes, so that 
the prognosis of patients who commonly experience ` 
silent ischemia is different from that of patients with- 
fewer such episodes? There are no data available to __ 
answer this question directly, but there is some perti- — 
nent information regarding patients with prior infare- 
tion who are now asymptomatic but have an abnormal 
exercise test. Many of these patients—as many as 75 
percent in one study?’—have ischemic S-T changes 
without test-induced angina. Most importantly, 
short-term survival appears to be related to the devel- 
opment of the S-T segment changes, independent of 
their association with test-induced angina.** 

At present, patients who have episodes of both 
symptomatic and asymptomatic ischemia are treated 
with a full range of medical and surgical measures. Pa- 
tients who are asymptomatic after myocardial infarction 
present a more difficult problem. In those with a posi- 
tive exercise test, a case can be made for “prophylactic” 
therapy with propranolol, especially in light of the re- 


sults of European studies suggesting a protective effect 


of beta adrenergic blockade in patients with prior in- 
farcts. The role of surgery is unclear (see later). 


Clinical Significance in Asymptomatic Patients 


Even before publication of the reports of Erikssen et. 
al.!9 and Froelicher et al.,2° epidemiologic studies of 
sudden unexpected death and clinical and postmortem 
studies of silent myocardial infarction indicated to 
physicians that many patients with extensive coronary 
arterial obstruction do not have angina pectoris in any 
of its recognized forms. In such patients, ischemic at- 


tacks presumably go unnoticed until a fatal event ensues 


or evidence of a prior silent infarction is detected in a 
routine electrocardiogram. How can such persons be 
identified? What is their prognosis? Should they be 
treated, and how? 


Identification: Identification of asymptomatic or”. 


only vaguely symptomatic persons with severe coronary. 
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artery disease must by nature be fortuitous in the ab- 
sence of large-scale screening protocols such as those 
cited.!%0 Some of these persons are suspected of having 
coronary artery disease before a fatal or morbid event 
occurs because casual electrocardiograms have shown 
arrhythmias or ST-T wave abnormalities. More com- 
monly, they are identified because cardiac catheter- 
ization is performed as the result of a markedly positive 


exercise test, often (but not always) in the setting of 


multiple coronary risk factors.” Should all presumably 
healthy middle-aged men undergo exercise testing to 
detect those with a defective anginal warning system? 
At present, exercise testing of asymptomatic persons is 
an accepted procedure only in persons in whom latent 
coronary disease could endanger public safety (such as 
airline pilots) or those who are about to engage in 
stressful exercise programs or have a strong family 
history of premature coronary artery disease. There are 


- important objections to mass screening. First, the ap- 


plication of Bayes’ thecrem has emphasized the limi- 
tations of conventional criteria for identifying the 


 true-positive response to exercise tests in asymptomatic 
=- groups.”? More stringent criteria (involving depth of S-T 


depression and its time of onset and duration, as well 
as associated blood pressure and heart rate response) 
could be used to screen out the false-positive responses 
in patients without corcnary artery disease, but these 
would obviously reduce the sensitivity of the test. 
However, even with more stringent exercise criteria 
it has been argued that an S-T response without pain 
suggests a limited amount of ischemic myocardium. In 
such cases, other noninvasive tests such as myocardial 
perfusion scintigraphy during exercise with thallium- 
201 or related isotopes might play a role. Myocardial 
scintigraphy has been used with good results in 


asymptomatic patients with a positive exercise test to 


separate true-positive from false-positive responses.2627 
Alternatively, an exercise radionuclide ventriculogram 
or exercise echocardiogram could be obtained. Because 
the latter procedure usually allows good visualization 
of the interventricular septum, it would seem particu- 
larly well suited to detection of silent ischemia due to 
stenosis of the left anterior descending coronary artery 
(as manifested by decreased septal thickening and wall 
motion) when the exercise electrocardiogram demon- 
strates S-T depression in the anterior precordial leads. 
Fluoroscopic examinatien to detect coronary arterial 
calcification has been advocated, because a positive 
result.also improves the reliability of the exercise test.22 
All of these additional procedures increase the cost of 
the detection process, which leads to the second objec- 
tion. The low incidence rates of coronary artery disease 
in this group of patients (apparently 5 percent or less 
from the studies previously cited) makes the cost-ben- 
efit ratio for detecting such persons economically un- 
feasibie, especially because no consensus exists on the 
course of action once such persons have been identi- 
fied. 

Prognosis: Although prognosis in this group is not 
known, can one assume that it is in these patients that 
many of the sudden deaths will be recorded? This is not 
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an unreasonable premise when one recalls the ar- 
rhythmia study of Jelinek and Lown! cited earlier. 
Because the occurrence of ventricular ectopic activity 
was much greater in patients without test-induced an- 
gina, these authors noted that “the occurrence of test- 
induced angina seemed to protect the patient from more 
work and the occurrence of arrhythmias.” 

Despite the implication that silent ischemia may 
present more of a risk than asymptomatic ischemia, 
there is no evidence to support this contention. In fact, 
the available evidence is to the contrary. For example, 
in a study performed at the National Institutes of 
Health,** the mortality rate of a group of patients 
(mostly with multivessel disease) who were either 
completely asymptomatic (18 percent) or mildly (82 
percent) asymptomatic was only 2 pereent a year. In 
contrast, one would expect a 6 to 7 percent mortality 
rate in symptomatic patients with a similar extent of 
vessel disease and left ventricular asynergy.2? Fur- 
thermore, the presence of chest pain during a positive 
exercise test has been reported® to be a more ominous 
prognostic omen than its absence. This finding implies 
that the outlook is more favorable for patients who are 
free of angina during ischemia than for those who ex- 
perience symptoms. 

Treatment: Because the natural history of totally 
asymptomatic patients is unknown—and there are 
suggestions that it may be better than that of symp- 
tomatic patients—no definitive arguments can be made 
for the institution of either medical or surgical therapy. 
For patients whose disease is discovered only fortui- 
tously through exercise testing and coronary arteriog- 
raphy, there are strenous objections to surgery except, 
perhaps, in patients with left main coronary lesions or 
other special conditions.783! Although surgery has been 
convincingly demonstrated to prolong life only in ran- 
domized trials of symptomatic patients with left main®2 
and triple vessel coronary artery disease,*? two recent 
studies*435 have shown excellent results with surgery 
in asymptomatic subjects. These patients, most of 
whom had a prior myocardial infarction, had no peri- 
operative mortality, a high rate of regression of abnor- 
mal exercise tests and excellent 3 to 5 year survival, but 
there are no medical cata with which to compare these 
results. 


Conclusions 


Why some patients with coronary artery disease have 
episodes of silent myocardial ischemia is not well un- 
derstood, but because the generation of the myocardial 
pain impulse is a complex phenomenon, it should not 
be surprising to find persons whose subjective symp- 
toms are either not present or too vague to be clearly 
defined by the patient or his physician. In addition to 
differences in threshoid of central pain sensitivity and 
in awareness factors in the peripheral organ system, 
there are the factors of psychologie denial and the in- 
fluence of cultural and subcultural norms concerning 
the acceptability of symptoms in otherwise healthy 
people. Thus, with metabolic, humoral, neurologic, 
psychologic and sociologic factors all involved in the 
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sensation of angina, the variability in the awareness and 
description of this symptom is not unexpected.*® 
- Studies in patients receiving a cardiac transplant have 
demonstrated that cardiac denervation can result in 
silent myocardial ischemia, and it may be that in some 
patients with a defective anginal warning system, the 
nerve endings have been damaged or destroyed as a 
result of a prior myocardial infarction. It has also been 
speculated that diabetic patients have a greater fre- 
quency of this syndrome, presumably because of de- 
nervation of autonomic nerves. However, there remains 
a large group of persons who are not diabetic and have 
not had a prior myocardial infarction but respond to 
myocardial ischemia with a defective anginal warning 
system. It remains to be determined whether such 
persons have some unidentified primary alteration in 
their threshold to pain in general. 

The prevalence of the disorder is not known, but on 
the basis of studies using exercise electrocardiography, 
ventriculography and myocardial perfusion scintigra- 


EAL EPROM 


phy, it would appear to be relatively common for pa- 
tients with a history of anginal symptoms to have epi- 
sodes of silent myocardial ischemia. The prevalence rate 
of truly asymptomatic patients appears to be less than > 
5 percent. The prognosis of symptomatic patients with 
episodes of silent ischemia is probably similar to that 
of patients with symptomatic ischemia, but that of truly 
asymptomatic patients is not known. The available 
preliminary data suggest that the prognosis in the group 
may be better (or at least no worse) than that of patients 
with anginal symptoms. The decision to institute” 
medical or surgical therapy obviously depends on this 
type of prognostic data. The choice of surgical therapy 
is a particularly controversial one, because there is not 
yet a consensus as to the role of surgery in symptomatic 
patients.” It would appear, therefore, that large-scale 
prognostic surveys of patients with silent myocardial — 
ischemia are needed. Until the results of such studies 
are available, many questions about this challenging | 
syndrome will remain unanswered. 
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7 EDUCATION UPDATE 
Adult Cardiovascular Training Programs 
_In the United States 


This listing is provided as a service to physicians by the 
American College of Cardiology 

















Cardiology 
Positions 
1979-1980 
an Bed 
< State/City/Zip Code Hospital/institution* Filled Available Size 
ALABAMA 
Birmingham 35294 University of Alabama Medical Center 12 12 814. 
Birmingham 35294 Veterans Administration Hospital’ (3) (3) 499 
ARIZONA 
Phoenix 85062 Good Samaritan Hospital institute for Cardiovascular Disease 5 5 686 
Phoenix 85008 Maricopa County General Hospital 3 3 500 
Phoenix 85008 St. Luke’s Hospital and Medical Center Lone 350 
Phoenix 85013 St. Joseph's Hospital 0 2 591 
Tucson 85724 University of Arizona Health Sciences Center 4 6 re 
Tucson 85724 University Hospital 300 
Tucson 85723 Veterans Administration Hospital 450 
ARKANSAS < 
Little Rock 72201 University of Arkansas for Medical Sciences § 5 391 
Little Rock 72206 Veterans Administration Medical Center 460 
CALIFORNIA 
Davis 95616 University of California Davis Medical Center, Sacramento 8 8 500 
Fresno 93702 Valley Medical Center 1 2 400 
Loma Linda 92354 Loma Linda University 6 0 oe 
Loma Linda 92354 University Medical Center (8} 525 
Loma Linda 92354 Jerry L. Pettis Memorial Veterans Administration Hospital (4) Leg 400 
Long Beach 90801 Memorial Hospital Medical Center 4 4 850 
Long Beach 90813 St: Mary Medical Center 2 3 §40 
Long Beach 90822 -Long Beach Veterans Administration Medical Center 7 7 1250 
Los Angeles 90048 Cedars-Sinai Medical Center 12 12 1140 
Los Angeles 90017 Hospital-of the Good Samaritan 3 3 411 
tos Angeles 90027 Kaiser Foundation Hospital 4 4 584 
Los Angeles 90033 Los Angeles County-University of Southern California Medical 6 0 2105 
Center 
Los Angeles 90059 Martin Luther King, dr., General Hospital yii Drs 395 
Los Angeles 90057 _ St Vincents Medical Center Í 4 5 386 
Los Angeles 90057 St. Vincents Medical Center? 3 3 386 
Los: Angeles 90024 UCLA Center for the Health Sciences & 0 770 
‘Las Angeles 90073 Wadsworth Veterans Administration Medical Center 6 6 850 
Los Angeles 90033 White Memorial Medicai Center 2 1 367 
Martinez 94553 Veterans Administration Medical Center 3 3 402 
Orange 92668 University of California/irvine, Medical Center 5 5 491 
Pasadena 91105 Huntington Memorial Hospital 2 0 565 
San Diego 92103 Mercy Hospital and Medical Center 2 2 §12 
San Diego 92134 Naval Regional Medical Center 8 8 600 
San Diego 92103 University of California Medical Center (University Hospital) 6 6 350 
San Diego 92103 Veterans Administration Hospital eke = 450 
San Francisco 94129 Letterman Army Medical Center 3 4 375 


* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal. medicine. 
' The numbers in parentheses indicate that 3 of the 12 positions listed above are financed by the Veterans Administration Hospital. 
$t No accredited residency in internal medicine. 


Address for reprints: American College of Cardiology, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 
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Cardiclogy 
Positions 
1979-1980 
en ae noe Bed 
State/City/Zip Code Hospital/Institution Filled Available Size 
GALIFORNIA 
San Francisco 94120 Mount Zion Hospital & Medical Center 1 2 449 
SanFrancisco 94120 Presbyterian Hospital of Pacific Medical Center 7 7 340 
Sarm Francisco 94110 San Francisco General Hospital 2 2 509 
SanFrancisco 94117 St. Mary's Hospital & Medical Center 1 1 550 
San Francisco 94143 University of California, San Francisco-Mcffitt Hospital 8. 8 550 
SanFrancisco 94118 U.S. Public Health Service Hospital 8 2 300 
SanFrancisco 94121 Veterans Administration Medical Center 8 0 380 
San.Jose 95128 Santa Clara Valley Medical Center ð 1 841 
Sepulveda 91343 UCLA-San Fernando Valley Medical Program 4 4 Mad 
Yan Nuys 91405 Olive View Medical Center E eh 80 
Sepulveda 91343 S Veterans Administration Hospital vain Bax 848 
Stanford 94305 Stanford University Hospital 18 18 843 
Paic: Alto 94304 Palo Alto Veterans Administration Hospital aie sae 2000 
: Torrance 90509 Les Angeles County Harbor-UCLA Medical Center 5 5 550 
= COLORADO 
Aurora 80045 Fitzsimons Army Medical Center 5 5 450 
Denver 80203 St. Luke's Hospital 1 1 460 
cos Denver 80262 _- University of Colorado Health Science Center 10 0 ER 
= Denver 80262 University Hospital bas Losey 393 
Denver 80204 Denver General Hospital “ee Pe 349 
Denver 80262 Denver Veterans Administration Hospital Ast Se 435 
Denver 80220 General Rose Hospital NA REA 400 
CONNECTICUT 
Bridgeport 06602 Bridgeport Hospital 2 1 660 
Bridgeport 06606 St. Vincent’s Medical Center 2 2 390 
uo. Farmington 06032 University of Connecticut 3 3 Gos: 
= Farmington 06032 John Dempsey Hospital ae SEA 220 
‘Farmington 06032 New Britain General Hospital TE Sa 436 
-Farmington 06032 Newington Veterans Administration Hospital uaa pen 190 
Hartiord 06115 Hartford Hospital 4 4 950 
Hartford 06112 Mount Sinai Hospital 2 2 375 
Hartford 06105 St. Francis Hospital & Medical Center 3 3 650 
New Haven 06511 Hospital of St. Raphael 2 2 500 
New Haven 06510 Yale University School of Medicine g 9 882 
Wes: Haven 06516 Veterans Administration Hospital we wet 692 
Norwalk 06856 Norwatk Hospital 2 427 
Waterbury 06720 Waterbury Hospital 1 520 
= -DISTRICT OF. COLUMBIA 
Washington, D. C..20003 D. C. General Hospital scan ile 645 
Washington, D. C. 20003 Georgetown Cardiology Service 2 2 EA 
Washington, D. C. 20003 Howard University Cardiology Division 3 2 Souk 
Washington, D. C.. 20007 Georgetown University Hospital 9 9 535 
Washington, D.C. 20037 George Washington University Hospital 9 9 §20 
Washington, D. C. 20060 Howard University Hospital 4 o 500 
Washington, D. C. 20017 Providence Hospital 0 4 375 
Washington, D, C. 20422 Veterans Administration Hospital 8 8 700 
Washington, D. C. 20012 Walter Reed Army Medical Center 7 8 850 
Washington, D. C. 20010 Washington Hospital Center 2 2 700 
“FLORIDA 
Gainesville 32610 University of Florida College of Medicine 6 0 eas 
Gainesville 32610 Shands Teaching Hospital aM raat 455 
Gainesville 32602 Veterans Administration Medical Center sts Feds 480 
-Jacksonville 32209 University Hospital of Jacksonville 2 2 372 
Miami 33101 University of Miami School of Medicine 11 WW AS 
Miami 33152 Jackson Memoria! Hospital me fou 1250 
Miami 33152 University of Miami Hospital and Clinics Sait Ae 80 
Miami 33152 Veterans Administration Hospital fa Sah , 1000 
Miami Beach 33140 Mount Sinai Medical Center 10 10 650 
Pensacola 32501 Pensacola Educational Program 0 1 ag: 
Pensacola 32501 Baptist Hospital etl pis 530 
Pensacola 32504 Sacred Heart Hospital ea ee 333 
Pensacola 32501 University Hospital BA TF) 130 
Pensacola 32503 West Florida Hospital eae Se 291 





* -Uniess otherwise indicated, alf hospitals and institutions listed have accredited residencies in internal medicine. 
bd 
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* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 





Cardiology 
Positions 

1979-1980 
Bed 
State/City/Zip Code Hospital/institution” Filled Available Size 

1 FLORIDA 

Tampa 33612 University of South Florida College of Medicine 6 6 ia 
Tampa 33606 Tampa General Hospital 586 
-- Tampa 33614 Veterans Administration Hospital 697 

GEORGIA 
Atlanta 30303 Emory University School of Medicine 31 31 
Atlanta 30303 Crawford W. Long Hospital 
Atlanta 30322 Emory University Hospital 
Atlanta 30303 Grady Memorial Hospital 
Decatur 30033 Veterans Administration Hospital ai a 
Atlanta 30312 Georgia Baptist Medical Center 1 4 
Augusta 30912 Medical College- of Georgia 7 7 
Augusta 30902 Eugene Talmadge Memorial Hospital 

soro Augusta 30904 Veterans Administration Hospital 

HAWAII 
Honolulu 96808 Queen's Medical Center 2 a) 

ILLINOIS a 
Chicago 80614 Columbus Hospital 3 3 950 
Chicago 606 12 Cook County Hospital 7 7 1366 
Chicago 60616 Mercy Hospital and Medical Center 4 4 530 
‘Chicago 60616 Michael Reese Hospital and Medical Center 8 8 1000 
Chicago 60608 Mount Sinai Hospital Medicat Center 3 4 519: 
Chicago 60611 Northwestern Memorial Hospital 5 5 1100 
Chicago 60611 Veterans Administration/Lakeside 4 4 700 
Chicago 60612 Rush-Presbyterian St. Luke's Medical Center 9 9 873 
Chicago 60660 Sheridan Read Pavilion 117 
Chicago 606 12 Johnston R. Bowman Center re 176 
Chicago 60637 University of Chicago Medical Center 10 0 700 
Chicago 60680 University of Hlinois Hospital/Abraham Lincoln School of Medicine 12 0 500 
Chicago 60680 Westside Veterans Hospital one 800 
Evanston 60202 St. Francis Hospital 8 0 485 
Maywood 60153 Loyola University Stritch School of Medicine 14 14 500 
Hines 60141 Veterans Administration Hospital 1200 
North Chicago 60064 The Chicago Medical Schoo! Pies te eant 
North Chicago 60064 North Chicago Veterans Administration Hospital (1) (1) 250 
Great Lakes 60088 Great Lakes Naval Medical Center a) {1) 1000 
Chicago 60622 Saint Mary -of Nazareth Hospital (1) ay) 500. 
Oak Lawn 60453 Christ Hospital 1 2 850 

INDIANA 
indianapolis 46223 Indiana University School of Medicine 16 16 1500 
indianapolis 46202 Methodist Hospital of Indiana 2 2 1150 
indianapolis 46260 St. Vincent's Hospital 3 3 546 

IOWA 
lowa City 52242 University of towa Hospitals and Clinics 13 8 1100 
lowa City 52240 Veterans Administration Hospital 360 

KANSAS 
Kansas City 66193 University of Kansas Medical Certer 2 2 600 

KENTUCKY 
Lexington 40536 University of Kentucky 6 6 ee 
Lexington 40536 Albert B. Chandler Medical Center 430 
Lexington 40836 Veterans Administration Hospital wes aon 400 
Louisville 40202 University of Louisville School of Medicine 12 12 PED: 
Louisville 40202 Jewish Hospital 441 
Louisville 40202 Norton Hospital 492 
Louisville 40202 University Hospital 370 
Louisville 40202 Veterans Administration Hospital 444 

s LOUISIANA 

“New Orleans 70112 Louisiana State University Medical Center 4 4 see 
New Orleans 70112 Charity Hospital Le 1400 
New Orleans 70121 Ochsner Clinic 4 6 509 
New Orleans 70112 Tulane University Medical Center 14 14 pia 
New Orleans 70112 Charity Hospital 1000 
New Orleans 70112 University Hospital 350 
New Orleans 70115 Touro Infirmary 570 
New Orleans 70112 Veterans Administration Hospital 546 
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Minneapolis 55417 





* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
T No accredited residency in internal medicine. 


? The numbers in parentheses indicate the number of fellows of the parent organization who train here. 
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Cardiology 
Positions 
1979-1980 
Bed 
State/City/Zip Code Hospital/Institution* Filled Available Size 
LOUISIANA 
Shreveport 71130 Louisiana State University Medical Center 2 2 450 
MAINE 
Portland 04102 Maine Medical Center 4 4 565 
MARYLAND 
Baltimore 21224 Baltimore City Hospital 2 2 539 
Baltimore 21205 Johns Hopkins Medical institutionst 20 20 1050 
Baltimore 21201 Maryiand General Hospital 6 2 486 
Balturiore 21278 Union Mernorial Hospital 1 1 450 
-Bakirore 21211 U.S. Public Health Service Hospital 2 2 200 
Baltimore 21201 University of Maryland Hospital 6. 6 800 
Bethesda 20014 National Naval Medical Center/Uniformed Services University of the § 5 550 
Health Sciences 
: Cheverly 20785 Prince George's General Hospital 1 1 500 
= MASSACHUSETTS 
z Boston 02215 Beth Israet Hospital 6 6 452 
Bostor.02118 Boston University Medical Center 12 12 800 
Bosten 02118 Boston City Hospital efi 
-Bosten 02118 University Hospital Enos Aa _ 
Bosten 02130 Boston Veterans Administration Medical Center 3 3 800 
Boston 02124 Carney Hospital 1 1 376 
Boston 02114 Massachusetts General Hospital 24 0 1100 
Bostan 02215 New England Deaconess Hospital § 5 489 
Boston 02115 Peter Bent Brigham Hospital 16 16 350 
Boston 02135 St. Elizabeth Hospital 5 5 385 
Boston-02111 Tufts/New England Medical Center Hospital 7 7 450 
Cambridge 02138 Mount Auburn Hospital 3 3 300 
- Pittsfieh 01201 Berkshire Medical Center Q 1 375 
Springfield 01106 Baystate Medical Center 2 2 960 
ae West Roxbury 02132 West Roxbury Veterans Hospital 7 7 280 
~. West Roxbury 02401 Brockton Veterans Hospital ne aan $00 
Worcester 01605 University of Massachusetts Affiliated Hospitals 1 11 23% 
Worcester 01605 Memorial Hospital? (23 (2) 400 
Worcester 01604 St. Vincent's Hospital? (2) (2) 600 
Worcester 01605 University of Massachusetts Hospital? (6) (6) 250 
oe Worcester 01610 Worcester City Hospital? Ei 0) 350 
1 MICHIGAN 
Ann Arbor 48109 University of Michigan Medical Center 15 15 E 
Ann Aroor 48104 St. Joseph Mercy Hospital 558 
Ann Arbor 48109 University Hospital 960 
Ann Aroor 48.105 Veterans Administration Hospital 430 
Eloise 4€132 Wayne County General Hospital oon su 441 
Detroit43202 Henry Ford Hospital 9 9 1000 
Detroit 48235 Mount Carmel Mercy Hospital & Medical Center 1 1 570 
Detroit 48236 St. John Hospital 4 4 528 
Detroit 48235 Sinai Hospital 7 6 619 
Detroit 48201 Wayne State University Affiliated Hospitals 10 10 SAE 
Allen Park 48101 Veterans Administration Hospital 639 
Detroit 48226 Detroit General Hospital 435 
Detroit 48201 Harper-Grace Hospital 1400 
- Detroit 48201 Hutzel Hospital T 387 
Flint 48502 Hurley Hospital No Response 
Lansing 43909 Michigan State University, Ingham Medical Center 3 3 254 
Pontiac 48053 St. Joseph Mercy Hospital 3 3 500 
Royal Oak 48072 Wiliam Beaumont Hospital 6 6 940 
~ Southfield 48037 Providence Hospital 1 2 455 
MINNESOTA 
Minneapolis 55407 Abbott-Northwestern Hospital 1 0 800 
Minneapolis 55455 University of Minnesota Hospitals 14 4 790 
Minneapolis 55415 Hennepin County Medical Center 485 
St: Paul 65101 St. Paul-Ramsey Hospital 610 
Veterans Administration Medical Center 775 
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Cardiology 
Positions 
1979-1980 
Bed 
State/City/Zip Code Hospital/Institution” Filled Available Size 
MINNESOTA 
“Rochester 55901 Mayo Clinic 13 13 ieee 
Rochester 55901 Methodist Hospital nea beat 7705 
“Rochester 55901 St. Mary's Hospital chee nate 983°. 
“South St. Paul 55075 Divine Redeemer Memorial Hospital? 0 1 130°: 
MISSISSIPPI 
Jackson 39216 University Hospital 4 4 500 
Jackson 39216 Veterans Administration Hospital : 1 1 AQ 
MISSOURI ; E 
-Columbia 65202 University of Missouri Medical Center 4 4 499. 
Columbia 65201 Harry S. Truman Memorial Veterans Administration Hospital aes see 406. 
Kansas City 64111 Mid-America Heart Institute at St. Luke's Hospital. 3 3 -665 
St. Louis 63110 Jewish Hospital of St-Louis/ Washington University Medical School 7 7 665. 
“Stelouis 63104 St. Louis University Medical Schools hd oe 
St Louis 63141 St. John's Mercy Medical Center 2 2 604 
St. Louis 63104 St. Louis University Hospital 8 8 317. 
St Louis 63725 Veterans Administration Hospital 2 2 388. 
' St Louis 63112 St. Luke’s Hospital 2 2 590 
St. Louis 63110 Washington University School of Medicine, Barnes Hospital 9 if] {200° 
NEBRASKA : 
Omaha 68131 Creighton University Medical Center/St. Joseph Hospital. 4 : 5 416: 
Omaha 68105 University of Nebraska Medical Genter : ł 2 320. 
NEVADA coe 
Las Vegas 89102 Southern Nevada Memorial Hospital 1 1 325 
NEW HAMPSHIRE > 
Hanover 03755 Dartmouth-Hitchcock Medical Center 4 2 sa 
Hanover 03755 Mary Hitchcock Memorial Hospital eke int 425 
White River Veterans Administration Hospital ess "o 225 
Junction, Vermont 
05001 
NEW JERSEY 
Browns Milis 08015 Deborah Heart & Lung Center! 18 18 130 
East Orange. 07019. Veterans Administration Medicai Center 4 4 17° 
Hackensack 07601 Hackensack Hospital 2 2 500 
Jersey City 07304 Jersey City Medical Center 4 4 628 
Long Branch 07740 ~ Monmouth Medical Center j : 1 1 600 
New Brunswick 08903 New Brunswick Affiliated Hospitals-St: Peter's Medical Center 1 g 420 
Newark 07 103 - College of Medicine & Dentistry of New Jersey/New Jersey Medical 5 5 560 
School : 
Newark 07112 Newark Beth israe! Medical Center 5 § 500. 
Newark 07102 St. Michael's Medical Center 7 7 480 
Paramus 07652 -Bergen Pines County Hospital 3 4 1235 
Paterson 07503 St. Joseph's Hospital & Medical Center 1 4 650 
Piscataway 08854 College of Medicine & Dentistry of New Jersey-Rutgers Medical 
School : 
Green Brook 08812 Raritan Valley Hospital 3 o 130 
Lyons 07939 Lyons Veterans Administration Hospital 1 L$] 150 
‘New Brunswick 08901 ~ Middlesex Gereral Hospital q 0 350: 
Summit 07901 Overlook Hospital 2 2 54t 
NEW MEXICO 
Albuquerque 87131 University of New Mexico Affiliated Hospitals 4 4 ies 
Albuquerque 87 106 > Bernalillo County Medical Center TAR nee 276 
Albuquerque 87 108 Veterans Administration Hospital sae ba 442 
NEW-YORK 
Albany 12208 Albany Medical College 3 0 751 
Albany 12208 Veterans Administration Medical Center 3 3 700 
Bronx 10456 Bronx-Lebanon Hospital Center 3 1 568 
Bronx 10461 Hospital of Albert Einstein College of Medicine 8 8 400 
Bronx 10461 Bronx Municipal Hospital Center ees oe 900 
Bronx 10473 Lincoln Hospital-New York Medical College 1 1 520 
Bronx 10466 Misericordia Hospital Medical Center 2 2 400 
Bronx 10467 “Montefiore Hospital & Medical Center 10 10 800 
Bronx 10467 North Central Bronx id Ae 400 
Brooklyn 11212 Brookdale Hospital Medical Center 5 0 1630 





* Unless otherwise indicated, all hospitals -and institutions listed have accredited residencies in internal medicine. 
t No accredited residency in.internal medicine. 
+ Affiliate—Albert Einstein Medical Center, Phifadeiphia, Pennsylvania 19141. 
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* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
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Positions 
1979-1980 
Bed 
State/City/Zip Code Hospital/institution™ Filled Available Size 
NEW YORK 
Brooklyn 11201 Brooklyn Hospital 4 4 500 
Brooklyn 11201 Brooklyn Cumberland Medical Center ae Sire 350 
Brooklyn 11235 Coney island Hospital 4 4 560 
Brooklyn 11238 Jewish Hospital and Medical Center of Braoklyn 2 2 800 
Brooklyn 11203 Kings County Medical Center 8 7 1000 
Brooklyn 11203 State University of New York-Downstate Medical Center S86 Ph 350 
Brooklyn 11203 Kingsbrook Jewish Medical Center 2 2 351 
Brooklyn 11201 Long island College Hospital 4 4 567 
Brooklyn 11219 Maimonides Medical Center 4 4 614 
Brooklyn 11215 Methodist Hospital 2 2 557 
Brooklyn 11213 St. John's Episcopal Hospital of Brooklyn oes eas 350 
Far Rockaway 11691 South Shore Division (affiliated with Long Island Jewish-Hillside 2 2 300 
Medical Center) 
Brooklyn 11209 Veterans Administration Medical Center 5 5 1000 
Buffalo.14203 Buffalo General Hospital 1 0 700 
Buffalo 14209 Millard Fillmore Hospital G 2 Tt 
-Buffalo 14215 State University of New York at Buffalo/Erie County Medical Center 3 3 610 
ie Buffalo 14215 Veterans Administration Medical Center 4 4 $00 
> Bast Meadow 11554 Nassau County Medical Center 4 4 650. 
‘Elmburst 11373 City Hospital at Elmhurst 4 4 645 
Jamaica 11432 Catholic Medical Center 2 2 Lae 
Jamaica 11432 Mary immaculate Hospital 264 
zoo Jamaica 11432 St. Mary’s Hospital P eine 237 
+: Jamaica 11418 Jamaica. Hospital 1 1 260 
Jamaica 11432 Queens General Hospital 3 3 650 
Johnson Gity 13790 C. S..Wilson Memorial Hospital o 1 476 
Manhasset 11030 North Shore University Hospital 5 5 600 
Mineola 17501 Nassau Hospital 1 2 535 
New Hyde Park 11042 Long Island Jewish-Hillside Medical Center Queens Hospital Center 6 6 1050 
New York 10003 Beth Israel Medical Center 4 4 1028 
New York 10003 Cabrini Medical Center 1 1 478 
New York 10032 Colurnbia-Presbyterian Medical Center 11 14 1100 
` New York 10021 Cornell Medical Center ot ee cate 
New York 10021 Memorial Hospital for Cancer & Allied Diseases 1 1 586 
New York 10021 New York Hospital 5 5 1095 
New York 10037 Harlem Hospital Center 4 4 850 
New York 10021 Lenox Hill Hospital 5 eee 700 
New York 10029 Metropolitan Hospital Center-New York Medical College 2 2 769 
New York 10029 Mount Sinai Medical Center 16 16 1300 
Bronx 10468 Bronx Veterans Administration Hospital whee sit 702 
New York 10016 New York University School of Medicine 8 8 ances 
New York 10016 Bellevue Hospital 1261 
New York 10016 New York University Hospital ae en 782 
New York 10010 New York Veterans Administration Hospital {Manhattan} 4 4 1000 
New York 10019 Roosevelt Hospital 2 2 550 
New York 10025 St. Luke's Hospital Center 6 6 788 
New York 10011 St. Vincent’s Hospital & Medicai Center of New York 4 4 813 
Northport 11768 Northport Veterans Administration Medical Center 3 0 850 
Rochester 14621 Rochester General Hospital 2 2 450 
Rochester 14611 St. Mary's Hospital ; 1 1 270 
Rochester 14642 University of Rochester Medical Center & Strong Memorial Hospital 9 9 8G0 
Roslyn 11576 St. Francis Hospital No Response 
Staten Island 10310 St. Vincents Medical Center-Richmond 2 2 440 
~ Staten Island. 10304 J.S. Public Health Service Hospital 2 2 460 
Syracuse 13203 St. Joseph's Hospital Health Center 3 3 500 
Syracuse 13210 State University of New York-Upstate Medical Center 5 5 wine 
‘Syracuse 13210 University Hospital 350 
Syracuse 13210 Veterans Administration Hospital soe sat 431 
“Valhalla 10595 New York Medical College-Westchester County Medical Center 2 2 500 
NORTH CAROLINA 
: Chapel HiH 27514 University of North Carolina School of Medicine 8 8 650 
Durham 277.10 Duke University Medical Center 32 32 Dak 
Durham 27710 Duke University Hospital 895 
Durham 27706 Veterans Administration Hospital 500 


uw 
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* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 








"This hospital is affiliated with two institutions. 
Affiliate Deborah Heart & Lung Center, Browns Mills, New Jersey 08015. 
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Cardiology 
- Positions 
1979-1980 
= Bed 
State/City/Zip Code Hospital/institution* Filled Availabie Size. 
“NORTH CAROLINA 
Winston-Salem 27 103 Bowman Gray School of Medicine/Bowman Gray Medical Center/ 7 700 
a North Carolina Baptist Hospital 
OHIO 
ti Akron 44304 Akron City Hospital 0 q 
Cincinnati 45220 Good Samaritan Hospital 1 0 
Cincinnati 45229 Jewish Hospital 1 1 
Cincinnati 45267 University of Cincinnati Medical Center 7 ft 
Cincinnati 45267 Cincinnati General Hospital 
Cincinnati 45267 Veterans Administration Hospital er te 
Cleveland 44106 Cleveland Clinic Foundation 28 28 
Cleveland 44109 Gleveland Metropolitan General Hospital 4 4 
Cleveland 44113 Lutheran Medical Center 1 1 
_oGleveland 44106 Mount Sinai Hospital 3 3 55 
“Cleveland 44104 St. Luke's Hospital 1 1 50 
Cleveland 44106 University Hospitals of Cleveland 8 8 fe 
Cleveland 44106 University Hospital 1006 
Cleveland 44106 Veterans Administration. Hospital ue eae 700 
Columbus 43222 Mt. Carmel Medical Center 2 2 510: 
Columbus -43210 Ohio State University Hospitals 8 8 1000: 
Cölumbus 43214 Riverside Methodist Hospital 2 2 850 
Dayton 45406 Good Samaritan Hospital 1 1 550 
Dayton 45409 Miami Valley Hospital 1 1 750 
Dayton 45428 Veterans Administration Medical Center 2 2 819- 
Kettering 45429 Kettering Medical Center 0 1 472 
Toledo 43699 Medical: Collegeof Ohio at Toledo and the 3 3 200 
Toledo 43606 Toledo Hospital T 740 
Youngstown 44501 St. Elizabeth Hospital Medical Center 1 2 747 
Youngstown 44502 Youngstown Hospital Association 0 o 950 
OKLAHOMA 
Oklahoma City 73190 University of Oklahoma Health Sciences Center 9 9 326. 
Oklahoma City 73104 Veterans Administration Medical Center 434 
Oklahoma City 73012 St. Anthony's Hospital 684. 
Oklahoma City 73112 Baptist Hospital 563 
OREGON 
Portland 97201 University of Oregon Health Sciences Center 6 6 sie 
Portland 97201 University Hospital 450 
Portland 97207 Veterans Administration Hospital 550 
PENNSYLVANIA 
Allentown 18105 Allentown and Sacred Heart Hospital Center 1 2 380 
Allentown 18105 Allentown Hospital eer 280 
Danville 17821 Geisinger Medical Center 4 4 500 
Hershey 17033 Milton S. Hershey Medical Center 8 8 350. 
Harrisburg 17101 Harrisburg Hospital ae ies 560 
Philadelphia 19141 Albert Einstein Medical Center? 6 6 619 
Philadelphia 19125 Episcopal Hospital 1 1 333 
Philadelphia 19146 Graduate Hospital 2 2 320 
Philadelphia 19102 Hahnemann Medical College & Hospital 7 7 450 
Philadelphia 19151 Lankenau Hospital 6 & 450 
Philadelphia 19129 Medical College of Pennsyivania Hospital 8 8 320 
Philadelphia 19104 Veterans Administration Hospital™ es er. 490 
Philadelphia 19104 Presbyterian-University of Pennsylvania Medical Center 8 8 425 
Philadelphia 19140 Temple University Health Sciences Center 7 7 533 
:Philadeiphia 19107 Thomas Jefferson University Hospital 6 6 575 
Philadelphia 19104 University of Pennsylvania 16 16 694 
Philadelphia 19107 Pennsylvania Hospital 432 
Philadelphia 19104 Veterans Administration Hospital’ had oe 490 
Pittsburgh 15212 Allegheny General Hospital 8 8 700 
Pittsburgh 15219 Mercy Hospital 0 2 610 
Pittsburgh 15213 Montefiore Hospital 1 2 433 
Pittsburgh 15201 St. Francis General Hospital 4 4 780 
Pittsburgh 15201 St. Margaret Memorial Hospital Sead 450 
Pittsburgh 15232 Shadyside Hospital 1 1 450 
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* Unless otherwise indicated, all hospitals and institutions listed have accredited residencies in internal medicine. 
t This hospital is. affiliated with two institutions. ; 
t These Fellowships are equally sharéd by both hospitals. 
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Positions 
1979-1980 
z F Bed 
State/City/Zip Code Hospital/institution* Filled Available Size 
PENNSYLVANIA 
Pittsburgh 15261 University of Pittsburgh Health Center Hospitals 7 8 SEY 
Pittsburgh 15261 Presbyterian-University Hospital 554 
Pittsburgh 15240 Veterans: Administration Medica! Center (Oakland Division} fry 390 
Pittsburgh 15224 Western Pennsylvania Hospital 2 2 680 
Sayre 18840 Guthrie Clinic/Robert Packer Hospital Q 2 323 
PUERTO: RICO 
Porice 00731 Ponce District General Hospital. 2 4 541 
Rio Piedras 00928 San Juan City Hospital < 2 2 500+ 
San Juan 00936 University of Puerto Rico, School of Mecicine/University Hospital 4 5 535 
San Juan 00936 Veterans Administration Hospital 2 2 750 
RHODE ISLAND 
` Pawtucket 02860 ~ Memorial Hospital? {5} (5) 307 
=u Providence 02906 The Miriam Hospital? oo wud 247 
Providence 02902 Rhode island Hospital 5 0 719 
-Providence 02908 R. Williams General Hospital 1 1 248 
“SOUTH. CAROLINA 
>- Charleston 29403 Medical University of South Carolina Teaching Hespitals 5 5 mis 
-Charleston 29403 Charleston County Hospital 154 
_ © Charleston 29403 Medical University Hospita 534 
-Charleston 29403 Veterans Administration Hospital 407 

~ TENNESSEE z 

- Memphis 38163: University of Tennessee Center for the Health Sciences 7 7 estes 

Memphis 38163- Baptist Memorial 1920. 
Memphis 38103 City of Memphis Hospital 848 

= Memphis 38163 University of Tennessee Hospital 320. 

-= Memphis 38104 Veterans Administration Hospital es sa 923 

.. Nashville 37208 Meharry Medical College te 1 400: 
Nashville 37232 Vanderbilt Medical Center & 8 aoe 
Nashville 37210 Nashville General Hospital 220 
Nashville 37205 St. Thomas Hospital 500 
Nashville 37232 Vanderbilt. University Hospital 510 

= Nashville 37203 Veterans Administration Hospital 450. 

TEXAS. 

=- Dallas 75246 Baylor University Medical Center 7 7 1300 
Dallas 75235 University of Texas Health Science Center at Dallas 28 28 sits 
-Dallas 75235 Children's Medical Center of Dallas 117 
Dallas 75235 Parkland Memorial Hospital 902 

~ Dallas 75235 Presbyterian Hospitals of Dallas 700 
Dallas 75235 St. Paul Hospital 489 
Dallas 75235 Veterans Administration Hospital eet wi 739 
Galveston 77550 University of Texas Medical Branch 3 3 1100 
Houston 77030 Baylor College of Medicine 19 19 eens 
Houston 77030 Ben Taub Hospital 475 
Houston:77030 Methodist Hospital ~~ 929 
Houston 77211 Veterans Administration Hospital SAE sia 1296 
Houston 77030 St. Luke’s Episcopal Hospital/Texas Heart institute 16 16 a 
Houston-77030 St-Luke's Episcopal Hospital 821 
Houston 77030 Texas Childrens Hospital fa pai 328 
Houston 77082 . University of Texas Medical School at Houston/Hermann Hospital 1 0 657 
Lackland Air Force Wiltord.Hall USAF Medical Center 4 4 1000 

: Base 78236 í 

=- San Antonio 78234 Brooke Army Medical Center 8 8 650 
| San Antonio 78284 - University of Texas Health Science Center 10 10 ENE 
San Antonio 78284 —- Bexar. County Hospital 493 

San Antonio 78284 Veterans Administration Hospital pees TE 700: 
Temple 76501. == Scott.and White Memoria! Hospital 0 1 425 

UTAH ; 

“os Salt Lake City 84132 University of Utah Medical Center and Affiliated Hospitals 6 6 wets 
Salt Lake City 84132 Holy Cross Hospital rae 343 
Salt Lake City 84132 Latter Day Saints Hospital 570 
~ Salt Lake City 84132 University. of Utah Hospital 310 

Salt Lake City 84132 Veterans Administration Hospital 326 
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Cardiology 
Positions 
1979-1980 : 
State/City/Zip Code Hospital/institution* Filled Available Size 
VERMONT 
Burlington 05401 Medical Center Hospital of Vermont, Mary Fletcher Unit, 6 6 500 
RS University of Vermont College of Medicine 
(VIRGINIA : 
Charlottesville 22908 University of Virginia Medical Center 22: 8 
Richmond 23298 Medical College of Virginia 40 10 
-4 Richmond 23249 > McGuire Veterans Administration Hospital f f 
WASHINGTON 
Seattle 98195 University.of Washington School of Medicine 12 42 
Seattle 98104 Harborview Medical Center 
© Seattle University. Hospital 
-< Seattle 98114 U.S. Public Health Service Hospital 280 
Seattle 98195 Veterans Administration Hospital ` 310. 
WEST VIRGINIA ee 
< Charleston 25304 Charleston Area Medical Center/West Virginia University Medical 0 1 901 
nee f Center 
= co Morgantown 26605 2. = West Virginia University Medical Center 4 4 448 
-WISCONSIN : : 
-Madison 53705 - University of Wisconsin Medical School 3 3 iai 
-< Madison 53705 -William S. Middieton Veterans Administration Hospital ari ae ice 
Milwaukee 53226 ‘Medica! College of Wisconsin i 8 & ead 
Milwaukee $3226 -Milwaukee County Medical Complex 695- 
= Milwaukee 53215- St Luke's Hospital 600... 
“Milwaukee 53193 Wood Veterans Administration Hospital who x 850- 
5 G 38S 


Milwaukee 53233 


z Mount Sinai Medical Center 





* Unless otherwise indicated, all hospitals and institutions have accredited residencies in internal medicine. 
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_. . and here’s what this means to you: 


MEDICINE 
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e A comprehensive product line that includes patient monitoring equipment, advanced 
echocardiographs, MEDDARS cath lab recorders and other fine medical products, all under the 
E for M/Honeywell name. 


e Accelerated research and development, enriched by Honeywell technology, for the ongoing > 
creation of new products to meet your ever-evolving needs. 


e Expanding capabilities and greater resources than ever before! 
But some things stay the same... 


We'll continue with the full E for M product line you have grown to rely on. Our free 2-year warranty (for 
former E for M products) stays as solid as ever, according to the terms and conditions thereof. And, 
our really personal sales and service philosophy remains unchanged. 


In most ways, then, we're still the same company. We've always done our best, worked our hardest to 
please you. But we will have to double our efforts. Because now, we have 2 great names to live up to! 


| Honeywell 


Together, we'll show you a better way 


ELECTRONICS FOR MEDICINE, HONEYWELL INC., ONE CAMPUS DRIVE, PLEASANTVILLE, NEW YORK 10570, TELEPHONE 914/769-6700 
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Now in book form...the latest Update Your Medicine lectures 


Helps you keep up with the new 
advances in your speciality in 
the comfort of your home or office. 


CORNELL MEDICA 
UPDATE/2 


Edited by LILA A. WALLIS, MD, FACP 





Just published with all new material—specialties expanded. 
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The series CORNELL MEDICAL UPDATE breaks all medical 
book tradition with its workbook format that gives practicing 


Each of the 23 lectures is presented in a workbook physicians a quick overview of the latest advances in their 
format for easy reading and quick comprehension. speciality. It transcribes into book form the Update Your Medi- 
cine lectures sponsored by New York Hospital-Cornell Medical. 

1. Cardiology, I: Applications of Anticoagulation; Cor- These lectures are well-known for helping physicians prepare 


for Recertification despite the demands of a heavy practice. 
The new approach of the first volume was so well-received 
that it went through three printings in less than two years. Now 
the just published CORNELL MEDICAL UPDATE/2 takes up 
where the first volume left off. It has been specially designed 


onary Artery Bypass Surgery; Valvular Heart Disease 
2. Cardiology, Il: Congenital Heart Disease in Adults, 
Part | 
3. Cardiology, III: Congenital Heart Disease in Adults, 


Part Il for the practicing physician who has difficulty keeping up with 
4. Hematology: Hemostasis Made Easy the growing literature of the field. Each chapter transcribes 
5. Gastroenterology, l: Cricoesophageal Achalasia and one of the lectures and covers a specific speciality in-depth 

Gastroesophageal Reflux from basic physiologic and chemical principles to its clinical 

applications. 
6. Gastroenterology, Il: Pharmacology of Acid Peptic Lila A. Wallis, MD, FACP, the series editor, has eliminated 

Disease Therapy all the filler material a continuing education does not need. You 


7. Genetics, |: Basic Genetics won't find historical reviews or a rehash of material you've 

8. Genetics, Il: Chromosomal Abnormalities known since medical school. You will find the practical, life- 
is ae: FS i saving knowledge a dynamic practice depends on. Because the 

9. Genetics, III: Clinical Genetics ; 3 À 

6. Ginccalauy: 1: New DI tic P d d lectures have been edited for easy reading and laid out for 

oy 9y; 1: New Diagnostic Procedures an quick comprehension, you'll be able to incorporate all the 























Therapy material into your own professional technique. 
Earn 25 Credits Towards AMA Physician’s Recognition 
11. Gynecology, Il: New Diagnostic Procedures Award. CORNELL MEDICAL UPDATE/2 has been approved for 
12. Obstetrics: Prenatal Diagnosis of Genetic Diseases Category 1 credit towards the AMA’s Physician’s Recognition 
and Abnormalities Award for Continuing Medical Education. Full details on how 
13. Infectious Diseases, |: Antimicrobial Therapy to apply for credit are included with every copy. 
14. Infectious Diseases, Il: Virology eS GR L IE ee ee eee ek 
15. Nephrology, |: Renal Glomerular Disease | Yorke Medical Books, 666 Sth Ave., P.O. Box 876, N.Y., N.Y, 10019 | 
18. Nephrology: II: Management of Chronic Renal Failure | | iesse send me a cony of CORNELL MEDICAL UPDATE/2 at | 
17. Ophthalmology, |: Progress in Ophthamology | fied, return it for full credit or refund. | 
18. Ophthalmology, II: Diabetic Retinopathy Vitrectomy | O Payment enclosed (publisher pays shipping cost). 
Study O Charge my credit card (publisher pays shipping cost). | 
19. Psychopharmacology, l: Antipyschotic Drugs and | O Master Charge O VISA (BankAmericard) | 
Minor Tranquilizers | Card # Expire date — 4 
20.Psychopharmacology, Il: Antidepressant Drugs (Countries outside Western Hemisphere: add $5. to price and pre- | 
21. Pulmonary Medicine: Recent Advances | pay in U.S. funds.) i 
22. Rheumatology: Recent Advances | Name 
23.Calcium Metabolism: Disorders of Calcium | 
Metabolism | Address | 
l City State. Zip. 
pon ee a 
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It Sets The Standard For Years To Come 


Total time 
from patient set-up through record mounting can 
be reduced by half, enabling labor cost savings 
in the competitively priced VS-550. The savings 
are due to the total system concept of the in- 
strument...from automatic lead switching to the 
unique PERFform™ perforated paper and mount- 
ing system. 


New technology 
and over 60 years of experience...the VS-550 
combines the best of both to give you high 
performance and reliability. The unit features 
a rugged high impact molded case, 
microprocessor-controlled circuitry, and a touch 
control panel that far surpasses in reliability, the 
standard mechanical lead selector switch. 


: )pe Simplicity of 
operation is achieved in the VS-550, from its in- 
stant paper loading through its automatic lead 
and calibration marking. And, at just the touch of 
a switch...an optional AC Eliminator removes 

line power interference without distorting the ECG. 


The VS-550 
has been designed for simplicity of service and 
has the ability to instantly analyze instrument 
performance, on demand, through the 
AUTOTEST™ program. Most service adjustments 
can be made without disassembly. Downtime is 
reduced to a minimum, because of plug-in 
modular construction and the backup you get 
from our nationwide service organization. 


For demonstration or ordering information, please 
write or call collect: 73 Spring St., Ossining, N.Y. 
10562, Tel: (914) 941-8100, Ext. 550. 


first in electrocardiography 
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The potassium 
masquerade 











Potassium with nothing to hide 


-There's no longer any need to try to hide the taste of 
-potassium chioride— because KAON-CL TABS have no taste. 
Thus your patients who can't or won't take liquid supplements have an 
acceptable alternative that enables them to get the potassium they need. 


_ Wax-matrix tablets minimize likelihood of GI complications. 
The special wax matrix used in KAON-CL TABS permits gradual release of 
potassium chloride in the GI tract. Because the potassium is slowly released, 
the possibility of high localized GI concentrations is limited. The reported 
frequency of Gl lesions with wax-matrix tablets is less than one per 100,000 
patient-years. There have been only two equivocal cases of GI bleeding 
-reported with KAON-CL TABS to date and no reports of small bowel 
stenosis or ulceration. However, clinical experience is insufficient at this time 
to indicate chat the incidence is other than the stated numerical ratio. 


Logical, easily adjustable dosage. One tablet t.i.d. provides 20 mEq 

of potassium, the amount generally considered necessary for prevention of 

hypokalemia. Two tablets t.i.d. provide 40 mEq of potassium, usually 

adequate for the treatment of mild potassium depletion. Dosage should be 

adjusted to individual patient needs. In cases of more severe potassium 
depletion, 100 mEq daily or more may be required. 


Patients stay on _ 





‘(potassium chloride) 
Controlled Release Tablets 


For summary of prescribing information, please see following page. 


WARREN-TEED LABORATORIES 
DIVISION OF ADRIA LABORATORIES INC. 
COLUMBUS. OHIO 43215 
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Description: Kaon-Cl Tabs ita sugar coated (not enteric. coated) tabletcontain 


ing 500-mg potassium chloride (equivalent to 6.7 mEq potassium chloride) in a 
wax mactix. This formulation is intended to provide a controlled release of 
potasiu from the matrix to minimize. the likelihood of producing high 
ocalized concentrations of potassiuni within the gastrointestinal tract. 
Indications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC 
ULCERATION AND BLEEDING WITH SLOW RELEASE POTASSIUM 
CHLORIDE PREPARATIONS, THESE DRUGS SHOULD BE RESERVED 
FOR THOSE PATIENTS WHO CANNOT TOLERATE OR REFUSE TO 
TAKE LIQUIDS OR EFFERVESCENT POTASSIUM PREPARATIONS OR 
FOR PATIENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE 
WITH THESE PREPARATIONS. 

L. For therapeutic use in patients with hypokalemia with or without metabolic 
alkalosis, in digitalis intoxication and i patients with hypokalemic familial 
periodic paralysis. 

Z. For the prevention of potassium depletion when the dietary intake is 
inadequate in the following conditions: Patients receiving digitalis and 
diuretics for congestive heart failure, hepatic cirrhosis with ascites, states of 
aldosterone excess with normal renal function, potassium-losing nephro- 
pathy, and with certain diarrheal states, 

3. The use of potassium salts in patients receiving diuretics for uncomplicated 
essential hypertension. is often unnecessary when such patients have a 
normal dietary pattern. Serum potassium should be checked: periodically, 
however, and if hypokalemia occurs, dietary supplementation with potas- 
stum-containing foods may be adequate to control milder cases. In more 
severe cases supplementation with potassium salts may be indicated. 

Contraindications: Potassturn supplements are contraindicated in patients with 
byperkakemia since a further increase in serum potassium concentration in such 
patients can produce cardiac arrest. Hyperkalemia may complicate any of the 
following conditions: Chronic renal failure, systemic acidosis such as diabetic 
acidosis, acute dehydration, extensive tissue breakdown as in severe burns, 
adrenal msufficiency, or the adrninistration of a potassium-sparing diuretic (e.g, 
spironolactone, triamterene). 

Was-matrix potassium chloride preparations have produced esophageal uker- 
ation in certain cardiac patients with esophageal compression due to enlarged left 
arium, Potassium supplementation, when indicated in such patients, should be 
with a liquid preparation. 

solid dosage forms of potassium chloride supplements are contraindicated 

im any patient in. whom there is cause for arrest or delay in tablet passage through 
the gastrointestinal tract. In these instances. potassium supplementation sho 

` be with @ liquid preparation. i 

. Warnings: Hopa katernia tn patients with impaired mechanisms for excreting 

potassium, the administration of potassium: salts can produce hyperkalemia and 

Cardiac arrest. This occurs’ mast commonly in patients given potassium by the 

intravenous. route bat. may also occur inpatients given potassium orally. 

Potentia'ly fatal hyperkalemia can develop rapidly and be asymptomatic. The use 

of potassitim salts in patients with chrenic renal disease, or any other condition 
cpawhich impairs potassium excretion, requires particularly careful monitoring of 

S the serum potassium concentration and appropriate dosage adjustment. 

Interaction with PotassiumSparing Diuretics-Hypokalemia should not be 
treated by the concomitant administration of potassium salts and a potassium- 
sparing diuretic (e.g. spironelactone or triamterene} since the simultaneous 
. administration of these agents can produce severe hyperkalemia. 

Gastrointestinal Lesions—Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are caused 
by a high localized concentration of potassium ion in the region of a rapidly 
dissolving tablet, which injures the bowel wall. and thereby produces obstruction, 
hemorrhage, or perforation. Kaon-Cl Tabs (potassium chloride) is a wax-matrix 
tablet formulated to provide a controlled rate of release of potassium chloride and 
thus to minimize the possibility of a high local concentration of potassium ion 
near the bowel wall, While the reported frequency of small bowel lesions is much 
less with wax-matrix tablets (less chan one per 100,000 patient years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient years) cases 
associated with wax-matrix tablets have been reported both in foreign countries 
and in the United States. In addition, perhaps because the wax-matrix prepara- 
tions are not enteric-coated and release potassium: in the stomach, there have 
been reports of upper gastrointestinal bleeding associated with these products. 
The total number of gastrointestinal lesions remains less than one per 100,000 
patient years. Kaon-Cl Tabs should be discontinued immediately and the 
possibility of bowel obstruction or perforation considered if severe vomiting, 
abdominal pain, distention or gastrointestinal bleeding occurs. 

Metabolic Acidosis—Hypokalemia in patients with metabolic acidosis should 
be treated with an alkalinizing potassium salt such as potassium bicarbonate, 

Stassium citrate, potassium acetate, or potassium gluconate. 

Precautions: The diagnosis of potassiurs depletion is ordinarily: made by 
demonstrating hypokalemia in a patient witha clinical history suggesting some 
cause for potassium depletion. In interpreting the serum potassium level, t 
physiciar-should bear in mind that acute alkalosis per se can produce hypokalemia 
in the absence of ddeficit in total body potassium while acute acidosis per se can 
increase che serum potassium concentration: into the normal range even in the 
presence of a reduced total body potassium.: The treatment of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acidosis 
requires careful attention to acid-base balance and appropriate monitoring of 
serum clectrolytes, the electrocardiogram, and the clinical status of the patient. 
Adverse Reactions: The most common adverse reactions to oral potassium salts 
abe nausea, vomiting, abdominal discomfort and diarrhea. These symptoms are 
due to irtitation of the gastrointestinal tract and are best managed by diluting the 
preparation further, taking the dose with meals, or reducing the dose. 

E most severe adverse effects are hyperkalemia (see Contraindications, 

Warnings and Overdosage} and gastrointestinal obstruction, bleeding or perfo- 
ration {see Warnings). 
Overdosage: The administration of oral potassium salts to persons with normal 
excretory mechanisms for potassium rarely causes serious hyperkalemia. How- 
ever, if excretory mechanisms are impaired or if potassium is administered too 
rapidly intravenously, potentially fatal hyperkalemia can result (see Contraindi- 
cations and Warnings). [t-is important to recognize that hyperkalemia is usually 
asymptomatic and -may be manifested. only by an-increased serum. potassium 
concentration and characteristic electrocardiographic changes (peaking of T- 
waves, loss of Pavave, depression of ST segment, and prolongation of the QT 
interval}. Late manifestations include muscle-paralysis and cardiovascular col- 
lapse from cardiac arrest. 

Treatment measures for hyperkalemia include the following: 

L Eliraination of foods and medications containing potassium and potas- 
sium-sparing diuretics. 

2, Intravenous administration of 300 to 500 ml /hr of 10% dextrose solution 
containing 10-20 units of crystalline insulin per 1,000 ml. 

3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Use of exchange resins, hemodialysis, or peritoneal dialysis. 

In meing hyperkalemia. it should be recalled thar in patients who have been 
stabilized on digitalis, too rapid a lowering of the serum potassium concentration 
can produce digitalis toxicity. 

Caution: Federal law prohibits dispensing without prescription. 

How Supplied: Bottles of 106, 350 and 1000. 


WARREN-TEED LABORATORIES 
DIVISION OF ADRIA LABORATORIES INC. 
COLUMBUS. OHIO 43215 127827 
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Echocardiology 


adited by 

CHARLES T. LANCEE 

40° Thorax Center, Erasmus University, 
< Rotterdam, The Netherlands 


DEVELOPMENTS IN CARDIOVAS- 
CULAR MEDICINE, 1 


1979, xx, 489 pp. 
Cloth Dfi. 140.00/US $ 73.70 
ISBN 90-247-2209-8 


This book contains over 60 papers pre- 
| -pared for the 3rd. Symposium on Echcar- 
“diology held in Rotterdam, June 1979. 


| The first ‘partof the book is devoted to 
-echocardiology in adults with contribu- 


tions on general applications, ischemic 
disease, left ventricular function analysis 
and cardiac valve disease. The second part 
is devoted to pediatric echocardiology, 
while the last part contains a wide variety 
of contributions on instrumentation and 
technology. The topics covered yield an 
almost complete review of echocardio- 
graphic techniques with.among its con- 
tributors some of the world’s most dis- 
tinguished specialists. 
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Cardiac Dynamics 


edited by 

JAN BAAN and ALEXANDER C. 
ARNTZENIUS 

Leiden University Hospital, The Nether- 
tands 

EDWARD L. YELLIN 

Albert Einstein College of Medicine, 
Bronx, NY, USA 


DEVELOPMENTS IN CARDIOVAS- 
CULAR MEDICINE, 2 


1979, x, 545 pp. 
Cloth Dfi, 155.00/US $ 81.60 
ISBN 90-247-2212-8 


A selection of papers presented at the 
Third international Conference on 
Cardiovascular System Dynamics held 
at the University of Leiden in August 
1978, is published in this book. The chap- 
ters have been grouped together around 
the following topics: cardiac muscle 
mechanics, cardiac chamber dynamics, 
pump function and filling, pump func- 
tion and ejection, assessment of cardiac 
performance, and energy fosses across 
valves. The topics are treated from a 
standpoint of basic research as well. as 
from a clinical viewpoint. 


TIU: P.O. Box 566, 2501 CN The Hague, The Nether! 
SEE 160-Old Derby St., Hingham, MA 02043, USA 


Fundamentals of Cardiac 
Pacing 


edited by 

HILBERT J. TH. THALEN 
Groningen University Hospital, The 
Netherlands 

CLAUDE C. MEERE 

Montreal Heart institute, Canada 


DEVELOPMENTS IN CARDIOVAS- 
CULAR MEDICINE, 3 


1979, x, 255 pp. 
Cloth Df, 75.00/US $ 39.45 
ISNB 90-247-2245-4 


The Vith Worid Symposium on Cardiac 


‘Pacing in Montreal 1979. opened with 
a course meant to be an introduction 
for newcomers and an updating refres- 
her course. it also provided a link be- 


tween the various fields of knowledge- 


involved in cardiac pacing needed by 


experienced persons. Invited quest jec. 


turers were selected for their world 
recognized expertise in the individual 
subjects. This book isa collection of 
the various presentations on historical, 


clinical, electrophysiological and tech- ue 


nical aspects of ‘cardiac pacing. 


MARTINUS NIJHOFF PUBLISHERS 
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CARDIOLOGY: FRESNO, CALIFORNIA 


The University of California, San Francisco is searching for a chief of 
cardiology in the Fresno-Central San Joaquin Valley Medical Education 
Program. The position is situated at the Veterans Administration Medical 


Center in Fresno. Candidate should be qualified for academic ap- 
pointment at the level of associate professor or professor. Interested 
individuals may submit their C.V. to Howard F. Morrelli, M.D., Professor 
of Medicine and Pharmacology, Chief, Medical Service, Veterans Ad- 
ministration Medical Center, 2615 E. Clinton, Fresno, CA 93703. The 
University of California is an equal opportunity employer. 
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_Animpressive 
therapeutic performance... 





_ In tune with contemporary 
antihypertensive thinking 

‘Today antihypertensive therapy has 
gone beyond the empirical addition of one 
drug to another. Today’ clinician looks for 
agents that coordinate their action for 
smoother, more effective control. 

A prime example is increasing use 
of the Apresoline/beta-blocker/diuretic 
regimen in moderate-to-severe hyperten- 
sion. Beta blockers, though effective and 
generally well tolerated, do not lower the 
high peripheral resistance found in 
virtually all long-standing hypertension. 
Asa vasodilator, Apresoline deals directly 
with the problem. It can decrease total 
peripheral resistance by more than 60%. 

Beta blockers, on the other hand, 
specifically reduce cardiac output, which 
tends to rise through reflex action with 
Apresoline therapy, while diuretics 
counteract the retention of sodium and 
extracellular fluid. 


After a diuretic... 


oresoline’ 


Harmonizing with the 
antihypertensive life-style 


The Apresoline/beta-blocker/diuretic 
regimen is relatively free of serious side- 
effect problems that interfere with daily 
living. =. 

As the only therapeutic action of 
Apresoline is its direct arteriolar vasodi- 
lator effect, it avoids many distressing side 
effects. Sexual dysfunction, drowsiness, 
lethargy, and sedation are virtually 
unknown. Postural hypotension is rare. 
These side effects are usually also avoided 
with a beta blocker. 

Accompanying a fall in blood 
pressure from Apresoline is an increase in 
cardiac rate and output. Apresoline also 
maintains or increases renal and cerebral 
blood flow. As with any antihypertensive 
agent, use with caution in patients with 
advanced renal damage. Contraindicated 
in coronary artery disease. 
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the beta blockers 


Please turn page for brief prescribing information 


CIBA 


` Apresoline® hydrochloride 
(hydralazine hyd loride USP) 
TABLETS 
INDICATIONS 
Essential hypertension, alone or as an adjunct. 
CONTRAINDICATIONS 


Hypersensitivity to hydralazine; coronary artery 
disease; and mitral valvular rheumatic heart 
disease. 

WARNINGS 

Hydralazine may produce in a few patients a clini- 
cal picture simulating systemic lupus erythema- 
tosus. In such patients hydralazine should be dis- 
continued unless the benefit-to-risk determination 
requires continued antihypertensive therapy with 
this drug. Symptoms and signs usually regress 
when the drug is discontinued but residua have 
been detected many years later. Long-term treat- 
ment with steroids may be necessary. 

Complete bicod counts, L.E. cell preparations, and 
antinuclear antibody titer determinations are indi- 
cated before and periodically during prolonged 
therapy with hydralazine even though the patient is 
asymptomatic. These studies are also indicated if 
the patient develops arthralgia, fever, chest pain, 
continued malaise or other unexplained signs or 
symptoms. 

A positive antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician care- 
fully weigh the implications of the test results 
against the benefits to be derived from antihyper- 
tensive therapy with hydralazine. 

Use MAO inhibitors with caution in patients receiv- 
ing hydralazine. 

When other potent parenteral antihypertensive 
drugs, such as diazoxide, are used in combination 
with hydralazine, patients should be continuously 
observed for several hours for any excessive fall in 
blood pressure. Profound hypotensive episodes 
may occur when diazoxide injection and Apresoline 
(hydralazine hydrochloride) are used concomi- 
tantly. 






Usage in Pregnancy 

Animal studies indicate that hydralazine is 
teratogenic in mice, possibly in rabbits, and not in 
rats. Teratogenic effects observed were cleft palate 
and malformations of facial and cranial bones. Al- 
though clinical experience does not include any 
positive evidence of adverse effects on the human 
fetus, hydralazine should not be used during preg- 
nancy unless the expected benefit clearly justifies 
the potential risk to the fetus. 

PRECAUTIONS 

Myocardial stimulation produced by Apresoline can 
Cause anginal attacks and ECG changes of 
myocardial ischemia. The drug has been impli- 
cated in the production of myocardial infarction. It 
must, therefore, be used with caution in patients 
with suspected coronary artery disease. 

The “hyperdynamic” circulation caused by 
Apresoline may accentuate specific cardiovascular 
inadequacies. An example is that Apresoline may 
increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the 
pressor responses to epinephrine. Postural 
hypotension may result from Apresoline, but is less 
common than with ganglionic blecking agents. Use 
with caution in patients with cerebral vascular 
accidents. 

In hypertensive patients with normal kidneys who 
are treated with Apresoline, there is evidence of 
increased renal blood flow and & maintenance of 
glomerular filtration rate. In some instances im- 
proved renal function has been noted where control 
values were below normal prior to Apresoline ad- 
ministration. However, as with any antihypertensive 
agent, Apresoline should be used with caution in 
Patients with advanced renal damage. 

Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyridoxine effect 
and the addition of pyridoxine to the regimen if 
symptoms develop 

Blood dyscrasias, consisting of reduction in hemo- 
globin and red cell count, leukopenia, agranulo- 
cytosis, and purpura, have been reported. If such 
abnormalities develop, discontinue therapy. 
Periodic blood counts are advised during pro- 
longed therapy. 

The Apresoline tablets (10 and 100 mg) contain 
FD&C Yellow No. 5 (tartrazine) which may cause 
allergic-type reactions (including bronchial asthma) 


Né 
Er 





A presoline’ 
(hydralazine) 


in certain susceptible individuals. Although the 
overall incidence of FD&C Yellow No. 5 (tartrazine) 
sensitivity in the general population is low, it is fre- 
quently seen in patients who also have aspirin 
hypersensitivity. 

ADVERSE REACTIONS 

Adverse reactions with Apresoline are usually re- 
versible when dosage is reduced. However, in 
some cases it may be necessary to discontinue the 
drug 

Common: Headache; palpitations; anorexia; 
nausea; vomiting; diarrhea; tachycardia; angina 
pectoris 

Less frequent: Nasal congestion; flushing; lacrima- 
tion; conjunctivitis; peripheral neuritis, evidenced 
by paresthesias, numbness, and tingling; edema; 
dizziness; tremors; muscle cramps; psychotic reac- 
tions cheracterized by depression, disorientation, 
or anxiety; hypersensitivity (including rash, ur- 
ticaria, pruritus, fever, chills, arthralgia, eosin- 
opnilia, end, rarely, hepatitis); constipation; 
difficulty in micturition; dyspnea; paralytic ileus: 
lymphadenopathy; splenomegaly; blood dys- 
Crasias, consisting of reduction in hemoglobin and 
red cell count, leukopenia, agranulocytosis, and 
purpura; hypotension; paradoxical pressor 
response 

DOSAGE AND ADMINISTRATION 

Initiate therapy in gradually increasing dosages; 
adjust according to individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
to 25mg 4 times daily for balance of first week. For 
second and subsequent weeks, increase dosage 
to 50 mg 4 times daily. For maintenance, adjust 
dosage to lowest effective levels. 

The incicence of toxic reactions, particularly the 
L.E. cell syndrome, is high in the group of patients 
receiving large doses of Apresoline. 

In a few resistant patients, up to 300 mg Aprescline 
daily may be required for a significant antihyper 
tensive effect. In such cases, a lower dosage of 
Apresoline combined with a thiazide, reserpine, or 
both may be considered. However, when combin- 
ing therapy, individual titration is essential to insure 
the lowest possible therapeutic dose of each drug 
665715 ‘C80-15 (1/80) 
Consult complete product literature before 
prescribing. 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 


Extending the advantages 
of beta-blocker and 
diuretic antihypertensives 
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‘(SOSORBIDE DINTRATE) Oral Tablets. 
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Consult direction circular before prescribing. 
May we send you reprints, detailed information and/or professional samples? 


IVES LABORATORIES INC. (a) 


New York, NY 10017 
DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINE® 


- +US Pat Nos. 3883647 and 0224591 
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The VAS Dynamic Image Store® (DIS) Video Disc Recording System records 
each sequential flashing image during a spot filming series and then replays that 
image until the next exposure is made. It's like viewing continuous flouroscopy 
— without the continuous radiation. So now you can follow the progression of the 
contrast bolus while panning—without the flashing — without waiting for the 
film to be developed before you determine the next injection. 

Optimally, the DIS reduces radiation dosage by lowering exposure time and letting 
you replay any sequence over and over again with no image degradation. Instantly 
and flicker free. It achieves this with Cine Lock, which records the cine run on 
the disc for instant replay in variable slow motion (6-60 images per second), real-time, 
or frame freeze that lets you advance the image frame by frame for an analysis of 
the injection; Photo Spot, which fills in between the flash and plays back the film; 
and Pulsed Flouroscopy for dose reduction during catheter manipulation. 

Ask your system's manufacturer or local sales representative about us. In addition 
to angiographic and heart catheterization applications, we have a full line of 
Video Disc Recording Systems that provide instant image replay in Ultrasound and 
Mobile C-arm, as well as dose reduction in x-ray applications. Then call us at 
(213) 320-8334. Or write VAS Corporation, 2525 Maricopa Street, Torrance, 

California 90503. We'll show you how our DIS Video Disc Recording System not only 
reduces your chances of missing what you wanted on film, but also reduces your 
patient's radiation dosage. 
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“RX for patient compliance 
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“Home blood pressure recordings give patients a sense of par- 
ticipation in their treatment program and often provide an added 
incentive to take medications on a regular basis” 


Wollam, G.L. and Vidt, D.G.: The patient with resistant hypertension. Drug Therapy 8:73 
(Feb.) 1978 


BARD supplies a full line of Hyper-chec® Blood Pressure Monitoring 
Sets. We feature computerized digital desk-top models. For details 
consult your BARD HOME HEALTH CARE CENTER, or mail the 
coupon below. 
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Please send details regarding the full line oF 
Hyper-chec® Blood Pressure Monitoring Sets. 


Hyper-chec’ 
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Berkeley Heights, New Jersey 07922 


To: BARD HOME HEALTH DIVISION 
C.R. Bard, Inc., Berkeley Heights, 
New Jersey 07922 


LETTERS TO THE EDITOR 


TORSADE DE POINTES AND 
MITRAL VALVE PROLAPSE 


Kossmann’s recent editorial, ““Torsade de pointes,”! is a timely 
discussion of an interesting and clinically relevant variant of 
ventricular tachycardia. Kossmann believes that, despite the 
absence of a well documented example, mitral valve prolapse 
should be added to the list of “causes” because the ventricular 
tachycardia seen with it is often refractory to “conventional” 
treatment. In support of his thesis is the following example 
of torsade de pointes in a young black woman with mitral valve 
prolapse. 

Case report: At age 10, this young woman began to expe- 
rience fainting spells which gradually increased in frequency 
until February 1970, when at age 15 she experienced 25 to 30 
episodes during a 12 to 18 hour period. She was having par- 
oxysmal ventricular tachycardia and fibrillation (Fig. 1) that 
was not suppressed by quinidine and actually worsened with 
its use. Lidocaine was ineffective even though enough was 
given to cause seizures. Finally, overdrive ventricular pacing 
controlled the arrhythmia and orally administered propran- 
olol (160 mg/day) prevented further disturbance. No cause 
for the arrhythmia was found although the Q-Tc interval 
(0.43) was prolonged. Subsequently, an apical systolic click 
was heard (Fig 1) and mitral valve prolapse was documented 
by echocardiography. 

Comment: The common thread of the several “causes” of 
torsade de pointes is an underlying nonuniform electric re- 


covery of ventricular tissue that is reflected in a long Q-T in- 
terval and failure to respond to usual antiarrhythmic agents 
(quinidine, procainamide), which are not only ineffective but 
may worsen the situation. Although the exact mechanism 
or mechanisms of sudden death in mitral valve prolapse are 





still at issue, it is clear that many patients, including those who BS 


are asymptomatic, have a long Q-T interval?; therefore it — 


seems wise to avoid any therapy that will prolong repolariza- 
tion and thereby promote nonuniform recovery of ventricular — 
tissue. 


Kenneth R. Bennett, MD, FACC 
Jackson, Mississippi 
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REPLY 
Prophets have little place in medical science. The temptation 
to predict torsade de pointes as the kind of refractory tachy- 
cardia that might be encountered in the syndrome associated 
with prolapse of the mitral valve clearly overwhelmed this 
ordinarily cautious author. I am everlastingly grateful to 





FIGURE 1. Top left, February 1970. Bizarre, undulating ventricular tachycardia characteristic of torsade de pointes. Strips are a continuous record of lead V4. Top right, May 1974. Carotid 
pulse tracing with apical phonocardiogram demonstrating late systolic click(s). A prominent U wave îs seen in electrocardiographic lead II. Bottom right, 12 lead electrocardiogram recorded 


while the patient was taking propranolol (160 mg/day). The Q-Tc interval (0.40) is at the upper limits of normal. 
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Re ee TO THE EDITOR 


tt for rescuing me from categorization as a false prophet 
by providing the first incontrovertible evidence to support the 
prediction made. Bennett’s successful management of his case 
with propranolol should be noted by all who treat arrhyth- 
mias. 





Charles E. Kossmann, MD, FACC 
University of Tennessee 

College of Medicine 

Memphis, Tennessee 


TREATMENT OF TORSADE DE POINTES 


‘Two recent articles)? in this Journal discuss torsade de pointes 
arrhythmias. In 1977, we described the occurrence of “torsade 
de pointes” arrhythmias in 8 patients selected from 1,100 
patients treated in our coronary care unit.? We proposed to 
call the arrhythmia “ventricular fibrillo-flutter” in analogy 
with its atrial counterpart. For this selection we used the cri- 
teria described by Desertenne et al.4 Two patients died of the 
rhythm disturbance and the others were able to leave the 
hospital in good condition. They all showed a typical pattern 
of “torsade de pointes” episodes and all but one had greatly 
prolonged Q-Tc intervals (0.60 s or more) during sinus 
rhythm. 

The origin of this arrhythmia was attributed to severe 
coronary ischemia in three patients, acute myocardial in- 
farction combined with digitalis intoxication in one patient, 
hypokalemia in two others, thioridazine treatment (300 
mg/day) in one and subarachnoid hemorrhage in the eighth 
patient. All patients were treated with electric defibrillation 
during episodes of “torsade de pointes” and subsequently with 
lignocaine and aprindine infusions to prevent recurrences. One 
patient required electric pacing for severe sinus brady- 
cardia. 

It is our impression, contrary to the view of the French au- 
thors,°® that the particular form of arrhythmia can be pre- 
vented by the administration of these two drugs providing that 
the basic rhythm is not too slow. Otherwise, electric pacing at 
arate of about 100 to 110 beats/min seems to be a good pre- 
ventive measure. 

The appearance of severe ventricular arrhythmias due to 
disopyramide toxicity seems to be a very rare complication. 
We use disopyramide therapy for ventricular arrhythmias as 
asecond choice drug after failure with lignocaine. To date we 
have not observed ventricular arrhythmias due to disopy- 
ramide toxicity. However, we have never used the large dosage 
regimens (1,200 to 2,400 mg/day) mentioned in Dr. Meltzer’s 
article; our standard dosage is 600 mg/day. 

In conclusion, we make a plea for consideration of the 
“torsade de pointes” phenomenon as a distinct electrocar- 
diographic and clinical entity for etiologic, morphologic and 
therapeutic reasons. 


G. Parizel, Prof Dr 

R. Ranquin, MD 

Service of Internal Medicine 
Middelheim General Hospital 
University of Antwerp 
Antwerp, Belgium 
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REPLY 


Although multiple nondrug-related conditions have been 
associated with atypical ventricular tachycardia, drug toxicity 
is a frequent cause. Because quinidine is perhaps the most 
prominent offender, and disopyramide has similar electro- 
physiologic effects, we were not surprised to note a slow 
“torsade de pointes” phenomenon with the disopyramide 
toxicity in our patient. As stated in our article, the overdose 
was inadvertent, probably a consequence of lack of familiarity 
with a newly introduced drug by the house staff and nurses. 
Indeed, the prescribed dosage of disopyramide in our hospital 
rarely exceeds 1,200 mg/day, even for patients with refractory 
ventricular arrhythmias. Whether atypical ventricular 
tachycardia will be noted in patients taking conventional 
therapeutic doses of disopyramide remains in question. We 
have no data on the incidence of atypical ventricular ar- 
rhythmias with disopyramide toxicity, but we agree with 
Parizel and Ranquin that they are not common. 


Richard Meltzer, MD 

Edward W. Robert, MD 

Stanford University School of Medicine 
Stanford, California 


SPONTANEOUS RUPTURE OF ABDOMINAL ANEURYSM 


Young et al.! point out that the spontaneous rupture of an 
abdominal aneurysm into the inferior vena cava may be pre- 
dicted by certain clinical characteristics, but do not mention 
the electrocardiogram. Pertinent is the report by Dickson et 
al.,? which pointed out that the sudden appearance of elec- 
trocardiographic changes consistent with right ventricular 
overload in patients suffering from an acute abdominal ca- 
tastrophe should suggest the possibility of an aortocaval fis- 
tula, particularly in those with known abdominal aortic an- 
eurysms. 

Irwin J. Schatz, MD, FACC 

John A. Burns School of Medicine 

Department of Medicine 

University of Hawaii at Manoa 

Honolulu, Hawaii 
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REPLY 


New electrocardiographic evidence of right ventricular over- 
load with a rightward shift of axis (usually manifested by the 
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appearance of an S wave in limb lead I and a small Q wave in 
lead Il) is certainly compatible with the sudden development 
of a left to right shunt at the systemic level of massive pro- 
portien. This finding, additionally, has been noted with 
compression of the pulmonary artery by a thoracic aortic 
aneurysm.! However, electrocardiographic evidence of right 
“ventricular overload in these clinical settings may indicate 


-other significant pathophysiologic events, such as acute pul- 


monary emboli. None of the patients reported in our series had 
- this electrocardiographic finding. Because aortic aneurysms 
will occasionally rupture into vascular capacitance structures, 
affording time for appropriate diagnosis and therapy, it is 
important, as we pointed out, that all of the clinical clues 
tending to this diagnosis be considered. 


James B. Young, MD 
Baylor College of Medicine 
Houston, Texas 
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POSTERIOR AORTIC WALL ECHOGRAM 
“Tye et al.! reported on the usefulness of the aortic root echo- 


oe gram in evaluating the left ventricular compliance. In our 


study,? M mode echocardiography was utilized to investigate 
the significance of the posterior aortic root movement. Mea- 
surement of presystolic posterior motion or @ wave, total di- 
astoli¢ posterior motion (TDPM) or O to V points and the 
ratio.of presystolic posterior motion to total diastolic posterior 
motion were measured in 50 normal subjects, 25 patients with 
mitral stenosis and 35 patients with idiopathic hypertrophic 
subaortic stenosis. All patients had sinus rhythm. The data 
are shown in Table I. 
In agreement with the results of Tye et al., the ratio of 
presvstolic posterior motion to total diastolic posterior motion 
of the posterior aortic echogram was found a highly useful 
index of altered left atrial emptying secondary to decreased 
compliance of the left ventricle as seen in idiopathic hyper- 
trophic subaortic stenosis. The mean of presystolic posterior 
motion was somewhat larger in patients with idiopathic hy- 
pertrophic subaortic stenosis than in the normal group, but 
the difference was not statistically significant. However, 
presystolic posterior motion was significantly smaller among 
the patients with mitral stenosis whose mitral valve area was 
less than 1.5 em”. This finding is useful in the differentiation 
of mitral stenosis and other conditions resulting in a decreased 


TABLE | 


Measurement of Presystolic Posterior Motion (PSPM) and 
Ratio of Presystolic Posterior Motion to Total Diastolic 
Posterior Motion (PSPM/TDPM) of the Posterior Aortic Root 
Movement in Normal Subjects and Patients With Mitral 
Stenosis or Idiopathic Hypertrophic Subaortic Stenosis 








PSPM (mm) PSPM/TDPM 
; Normal subjects 3.4 Ł 0.9 0.3 + 0.07 
Mitral stenosis 1940.7 0.3 + 0.06 (NS) 
{p <0.05) 
idiopathic hypertrophic 4.8 + 0.2 (NS) 0.7 + 0.2 


subaortic stenosis {p <0.005) 





NS = not significant; p = probability. 





























LETTERS TO THE EDITOR 


E-F slope of the anterior mitral valve particularly when 
posterior leaflet is not well recorded. We have also perfor 
similar measurements in patients with hypertension, myo 
cardial infarction and aortic stenosis. 

In disagreement with the results of Tye et al., we did no 
find a uniform correlation between an abnormal ratio 
presystolic posterior motion to total diastolic posterior motio 
and an elevated left ventricular end-diastolic pressure: This- 
was particularly true in the group with coronary artery disease 
in whom other factors, particularly abnormal early diastoli 
relaxation of the left ventricle, may alter early diastolic filling 
without altering left ventricular end-diastolic pressure. Tha 
altered left ventricular filling can occur with normal left 
ventricular end-diastolic pressure was previously shown. 

There are also some limitations to these measuremen 
Presystolic posterior motion is absent in patients witha 
fibrillation. This measurement is also not reliable if the he 
rate exceeds 85 beats/min because mid diastolic diastas 
no longer present. Also in the presence of significant atr 
ventricular block the presystolic posterior motion will ov 
with rapid atrial emptying, which would invalidate them 
surements. Finally, we have found that dilatation of the le 
ventricle may also render this measurement less reliable. 
Despite these limitations, measurements of the presystol 
posterior motion and the ratio of the presystolic posterior 
motion over total diastolic posterior motion is simply and 
useful clinically. 





Yu-Chen Lee, MD, FACC 
Frederick J. Sutton, MD 
Department of Medicine 
University of Maryland 
School of Medicine 
Baltimore, Maryland o 
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REPLY 


We were pleased to learn that Lee and Sutton have confirmed 

our impression that the echographic aortic root A/OV value 
is useful for assessing left ventricular function: (1) Since their 
study group was composed of normal subjects and patients: _ 
with mitral stenosis or idiopathic hypertrophic subaortic — 
stenosis it is obvious that these cases were preselected and not 
consecutive. (2) It is not surprising that mitral stenosis or for 
that matter any disease associated with left atrial dysfunction 
might not produce a large presystolic A wave. (8) We did not: 





-claim a “uniform” correlation between the A/OV ratio and 


elevated left ventricular end-diastolic pressure. The correla- 
tion coefficient was 0.75 for these measurements and three 
subjects with an elevated filling pressure had an A/OV ratio. 
of less than 0.5. (4) It is no revelation to learn that atrial fi- 
brillation is associated with an absent A wave. (5) Significant. 
atrioventricular block need not completely nullify the A/OV 
measurement since random distribution of P-R intervals 
ranging from 0.12 to 0.20 second may permit hemodynamic 
evaluation. (6) Our patients represented a study group 
undergoing elective cardiac catheterization. We will be in- 
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terested in data provided by Lee and Sutton correlating mean 


pulmonary wedge pressures and A/OV values in patients with 
acute myocardial infarction. 


Kenneth B. Desser, MD, FACC 
Kuang-Hung Tye, MD 

Alberto Benchimol, MD, FACC 

Good Samaritan Hospital 

institute for Cardiovascular Diseases 
Phoenix, Arizona 





VENTRICULAR FIBRILLATION DURING ERGONOVINE 
MALEATE PROVOCATION OF CORONARY 
ARTERIAL SPASM 


- Numerous reports have stressed the safety of administration 
of ergonovine maleate in the diagnosis of variant angina. 
However, the recent letter to this Journal by Bauman,! which 
documented a case of recurrent ventricular tachycardia during 
ergonovine testing, emphasized the possible hazards of this 
procedure. That Bauman’s experience is not unique is evi- 
__ © denced by a similar experience in our laboratory, in which 
-< ventricular fibrillation developed in a patient. To our 
knowledge, this arrhythmia has not been previously reported 

An the context of provocative testing with ergonovine. 
Case report: A 59 year old black woman with an 8 month 
_ history of nonexertional chest pain was referred for evaluation. 
_ Treadmill stress testing had revealed 3 mm S-T segment de- 
pression.in a single monitoring lead. Repeat stress testing, with 
12 lead monitoring, elicited both S-T depressions and eleva- 
tions after 6 minutes of exercise; these changes were unac- 
companied by angina. After termination of exercise, the pa- 
"| tent began to note pain and the electrocardiogram demon- 
© strated S-T elevation in leads V,, HI and aVF. The pain and 
~-electrocardiographic changes resolved with administration 
_ Of sublingual nitroglycerin. Subsequent cardiac catheteriza- 
= tionon May 5, 1977 revealed essentially normal coronary ar- 

= teries and a normally contracting left ventricle. 

Provocative testing with ergonovine maleate was then 
performed, with an initia! dose of 0.2 mg administered intra- 
venously over 1 minute. Within 4 minutes the patient noted 

onset of anginal pain, and the electrocardiographic monitor 
-showed S-T segment elevations. Injections of contrast medium 
into the left coronary artery were uneventful and revealed 
complete occlusion of the left anterior descending artery and 
80 to 90 percent occlusion of the proximal left circumflex ar- 
tery: The catheter was rapidly positioned in the ostium of the 
right coronary artery and injection of approximately 2 to 3 cc 
of contrast agent showed high grade diffuse spasm of the en- 
tire right coronary system. During this injection ventricular 
tachycardia suddenly developed and rapidly deteriorated to 
ventricular fibrillation. Electrical cardioversion immediately 
reestablished sinus rhythm. Intravenous administration of 
nitroglycerin (8 mg in 250 ml of 5 percent dextrose in distilled 
water) was begun as soon as the arrhythmia was noted, and 
<- Hdocaine was administered. The patient had no further 
-> rhythm disturbance. Repeat angiography revealed complete 
relief of coronary spasm and return of the coronary anatomy 
to the normal appearance seen before administration of er- 
gonovine. The patient’s subsequent hospital course was un- 
eventful. Follow-up electrocardiograms and serum isoenzyme 
determinations confirmed the absence of myocardial infarc- 
tion, and monitoring revealed no arrhythmia. 

Comment: This case and that of Bauman clearly indicate 
that potentially life-threatening complications can occur with 
the use of provocative testing with ergonovine maleate. For- 

+ tunately, the overall frequency of these complications is ap- 


























parently low, in light of the paucity of published reports. 
However, it is important to recognize the risks involved and 
to take steps to minimize them. Our patient was given 0.2 mg 
of ergonovine intravenously, a dose that conformed to pub- 
lished recommendations*~4 found at that time. Other inves- 
tigators®* utilized smaller doses, and more recent reports?® 
have suggested that the safety of the test is enhanced with the 
use of a very small initial dose (0.05 mg), progressing in 
graduated sequence to a larger dose if no response is elicited 
in 3 to 5 minutes. This is now standard protocol in our labo- 
ratory. : 

Additionally, our experience illustrates the need to have a 
parenteral vasodilator immediately available: The patient may 
lose consciousness as a result of arrhythmia and may be unable 
to take sublingual nitroglycerin, or the urgency of the situation 
may demand more rapid reversal of spasm than is afforded 
by the sublingual route. The case reported by Bauman may 
be an illustration of this point: the persistence of arrhythmias, 
pain and S-T elevation, and the occurrence of a response only 
after administration of three sublingual nitroglycerin tablets, 
suggests that a more rapid mode of administration would have 
been desirable. Intravenous nitroglycerin or sodium nitro- 
prusside would be equally satisfactory for this purpose. We 
used direct intracoronary injection of nitroglycerin in one 
patient (because of severe pain and electrocardiographic 
changes persisting more than 2 minutes despite intravenous 
administration of nitroglycerin) and observed rapid resolution 
of spasm thereafter. This route might be considered in any 
patient having serious arrhythmias continuing even after in- 
travenous administration of a vasodilator. We hope that the 
precautions and suggestions offered here may help avoid the 
“rare instances of irreversible complications” with ergonovine 
provocation of which Bauman forewarns. 


Samuel M. Sobol, MD, FACC 
Terry B. Tri, MD 
Hermen L. Price, MD, FACC 


Cardiology Service 
Letterman Army Medical Center 
San Francisco, California 
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MOBITZ TYPE if HIS-PURKINJE BLOCK DURING HIS 
BUNDLE PACING 


Castellanos and co-workers! recently reported second degree 
block in the His-Purkinje system demonstrated by His bundle 
pacing. In their case the block was of the Wenckebach type 
with a 2:1 ratio. In this letter we present tracings obtained 
from a patient in whom Mobitz type I His-Purkinje block was 
seen during His bundle pacing. 
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FIGURE 1. Prolonged effective refractory period and Mobitz Il siock of the His-Purkinje system in a patient with normal H-V time and narrow QRS complexes. A and B, programmed atrial 
stimulation. © and D, His bundle pacing. CL = cycle length; HBE = His bundle electrocardiogram: |, Il, and Hi = standard electrocardiographic leads, S = stimulus artifact; X, Y and Z = 
Frank orthogonal leads. The intervals are expressed in ms-s. Paper speed 100 mm/s. 
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Case report: Electrophysiologic evaluation of a 61 year old 
man was performed because of dizzy spells. The electrocar- 
diogram on admission disclosed sinus arrhythmia with a P-R 

- interval of 0.12 second and narrow QRS complexes. The ef- 
‘fective refractory period of the His-Purkinje system, as de- 
lineated by programmed atrial stimulation, was 610 ms 

> (panels A and B, Fig. 1). During early atrial extrastimulation 

_ no H-V prolongation was seen (panel A). His bundle pacing 

with a cycle length of 700 ms produced type I His-Purkinje 

-block (panel C), whereas with a cycle length of 600 ms regular 

2:1 His-Purkinje block occurred (panel D). 

<- {n summary, the following two characteristics of this case 

are noteworthy: (1) His bundle pacing at a given frequency 

- - produced type I His-Purkinje block. (2) In spite of the normal 

_H-V interval and narrow QRS complexes, the effective re- 

fractory period of the His-Purkinje system was prolonged. 

A Jozsef Tenczer, MD 

László Littmann, MD 

3rd Department of Medicine 

Semmelweis University of Medicine 

Budapest, Hungary 
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COMMENT 


We agree that this illustration may show a Mobitz II type 
s-Purkinje block during his bundle pacing. In addition, it 
also demonstrates some of the difficulties (discussed in our 
_ article) encountered when stimulation of the bundle of His 
_ iş attempted without the simultaneous recording of atrial and 

entricular electrograms. 
|. For example, in panel D the third stimulus paced the His 
-bundel as well as the atria, as determined by the distortion of 
he baseline that occurred before the inscription of the cor- 
esponding ventricular complex. On the other hand, in panel 
the first four stimuli paced the His bundle, but were not 
followed by a distorted baseline. This suggests, but does not 
_> prove, that the atria were activated by the impulse emerging 
- from the atrioventricular (A-V) node in a retrograde direction. 
‘The latter assumption is reinforced by the appearance of the 
- - slower sinus P waves only after pacing was stopped. The fact 
~~ that the fifth stimulus was not followed by a P wave or QRS 
-complex can be explained by. selective stimulation of the 
proximal His bundle with anterograde His-Purkinje block and 
-retrograde A-V nodal block, or by the inability to pace the His 
_ bundle because of a sudden increase in its effective refractory 

= period. 

Amore likely explanation is that the electrodes were dis- 
: placed “downward” into the right ventricular cavity, as in- 
dicated by the slight shift of the axis of the stimulus to the left, 
>- determined by the decrease in size of the stimulus in lead II. 
_ = However, the latter may also reflect a movement of the elec- 
trodes away from the right septal surface. Therefore absence 
















of the QRS complex after this stimulus could have been an 
“artifactual” (pséude) type II Mobitz block. 
Agustin Castellanos, MD, FACC 
Federico Moleiro, MD, FACC 
Ruey J. Sung, MD, FACC 
Robert J. Myerburg, MD, FACC 
Division of Cardiology 
University of Miami 
School of Medicine 
Miami, Florida 


MITRAL REGURGITATION 


Yoran et.al/ recently presented-data from an experimental 
model of mitral regurgitation that emphasized the dynamic 
quality of the regurgitant orifice and subsequent variation of 
the regurgitant volume. A decrease in the regurgitant orifice 
and regurgitant volume was reasoned to be due to a reduction 
in ventricular volume from venodilation produced with ni- 
troprusside or from augmented myocardial contractility.? 
For a historical perspective, I call attention to an earlier 

work by Jose et al. Using the double dye-dilution technique, 
they measured regurgitant flow and forward flow in patients 
with mitral regurgitation before and after raising or lowering 
arterial pressure with vasoactive drugs. In subjects with mitral 
anular dilatation and nonstenotic valves, a positive inotropic 
stimulus reduced both regurgitant flow and calculated 
regurgitant orifice. 

Maylene Wong, MD 

Cardiovascular Diagnostic Laboratory 

Wadsworth Veterans Administration Medical Center 

Department of Medicine 

University: of California, Los Angeles 

Los Angeles, California 
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REPLY 
The comment is well taken. In our recent work (Ref 2 of 
Wong) dealing with the effects of increased myocardial con- 
tractility on acute experimental mitral regurgitation, we cited 
the pioneering work of Jose et al. (Ref 3 of Wong). It is worth 
noting that our conclusicns, which are based on direct. meg- 
surement of transmitral flow, are in agreement with those of 
Jose et al., who used the double dye-dilution technique. 
Chaim Yoran, MD, FACC 
Department of Cardiology 
Bronx-Lebanon Hospital Center- 
Bronx, New York 
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__ New Members Elected 


oo “The following individuals were elected to 
"membership in the American College of Car- 
-<= dlology on December 3, 1979 in the category 
indicated: l 


» FELLOWSHIP 


: AGARWAL, Anil B., MBBS, Bluefield, WV 


ALPERT, Bruce, MD, Augusta, GA 
“ALVAREZ, Sergio R., MD, El Paso, TX 
BARR, Isaac, MD, Detroit, MI 
BECKER, Ronald M., MD, Bronx, NY 
BHANSALI, Siddharth K., MBBS, New Orleans, 
: LA 
CASSEL; Graham A., MB, BCh, South Africa 
“GHABRA, Mohan L., MBBS, Pittsburgh, PA 
"CHUNG, Kyung Ja, MD, Boston, MA 
CIPRIANO, Paul R., MD, Stanford, CA 
COHEN, Barry H., MD, Trenton, NJ 
COPLEY, Donald P., MD, Buffalo, NY 
CREPEAU, Jacques, MD, Quebec, Canada 
CROMARTIE, Robert S., Ill, MD, indianapolis, 
IN 
D'SILVA, Francis R., MB, BS, Ft. Sam Houston, 
TX 
` DeANGELIS, Arthur L., MD, Bronxville, NY 
DE GUIA, Danton N., MD, Englewood, FL 
DEANE, Louis V., Jr, MD, Chicago, IL 
DelROSSI, Anthony J., MD, Browns Mills, NJ 
Di BIANCO, Robert, MD, Washington, DC 
: EYNON, James R., MD, Kansas City, MO 
FEISTMANN, Thomas, MD, West Palm Beach, 
FL 
FLEG, Jerome L., MD, Baltimore, MD 
FLETCHER, Ross D., MD, Washington, DC 
FOSTER, James R., MD, Chapel Hill, NC 
GALE, Alan W., MB, BS, Australia 
GALTON, Barry B., MD, Wayne, NJ 
GUPTA, Rakesh K., MB, BS, Alexandria, LA 
HAJAR, Hajar A., MD, Qatar 
HALL, Dale G., MD, Seattle, WA 
HALPERN, Stephen W., MD, Los Angeles, 
CA 
HARRIS, Milton D., MD, Winston-Salem, NC 
HEATH, Bobby J., MD, Jackson, MS 
: HENG, Ming K., MB, BS, Sepulveda, CA 
HIGGS; William R., MD, Mobile; AL 
KAHN, Roger N., MD, Saginaw, MI 
KARSH, Dennis L, MD, Glen Ellyn, IL 
KHACHANE, Vasant B., MBBS, New Haven, 
CT 
KINSLEY, Robin H., MB, BCh, South Africa 
KLEINMAN, Charles S., MD, New Haven, CT 


. KOSTER, J. Kenneth, dr., MD, Boston, MA 


KOQURTESIS, Pedro, MD, Astoria, NY 
KRAUSS, Kenneth R., MD, New York, NY 


LAKIER, Jeffrey B., MB, BCh, Detroit, Mi 

LEE, Hyun J., MD, Frostburg, MD 

LIAO, Chung H., MB, San Jose, CA 

LIU, Donald Ho Yu, BM, Taiwan 

LOH, Irving K., MD, Los Angeles, CA 

LOWENTHAL, David T., MD, Philadelphia, 
PA 

LUCKSTEAD, Eugene F., MD, Oklahoma City, 
OK 

MACHADO, Hilario B., MD, Portugal 

MARTINIS, Andrew J., MD, Seattle, WA 

MIDGLEY, Frank M., MD, Washington, DC - 

MOORTHY, Krishna K. P., MB, BS, Antioch, 
CA 

MUNOZ TORRES, Mario B., MD, Ponce, PR 

NAGAPPAN, Ramanathan, MBBS, Hampton, 
VA 

NOORDERGRAAF, Abraham, PhD, Philadel- 
phia, PA 

OLDER, Thomas M., MD, Albany, NY 

OZNER, Michael D., MD, Miami, FL 

PALMER, Arthur S., MD, Chicago, IL 

PARR, Grant Van S., MD, Hershey, PA 

RAHMAN, Ehsanur; MB, BS, Wilmington, DE 

ROSE, Robert M., MD, Los Angeles, CA © 

ROSETTANI, Erennio, MD, Italy 

SAMOLE, Yale M., MD, Coral Gables, FE 
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CALENDAR OF EXTRAMURAL PROGRAMS 


“©. The. aim of each program is to increase the 

“theoretical and practical knowledge of the 
Normal and abnormal function of the cardio- 
‘vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
‘scientific and clinical data, the constant 
changes.in technology and methodology, and 
‘the greater availability of therapeutic options. 
‘Today most cardiologists, internists and family 













fe solve these. problems the Committee 
ts gach year series of carefully super- 











vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
Clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate educatioa and the relevance to 
the practice of cardiclogy. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowiedge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully from the obsolete and useless 
ofactices. An effective practitioner must learn 
and relearn, listen to new ideas, share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College of Cardiology believes that these goals 
ean be accomplished by all members and 
sonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC 
Chairman, Centinuing Education Committee 
for Extramural Programs 


Programs and faculty are subject-to change. For further information write Registration Secretary, Extramural Programs Department, American 
ollege of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





MARCH THROUGH MAY 1980 





Preceptorships in Cardiology. Arthur 
Seizer, FACC, director, Pacific Medical 
Genter, San Francisco, CA 





Preceptorships in Cardiology. Jules 
-egtanged © Constant, FACC, director. Buffalo Gen- 


individs» 





eral Hospital, Buffalo, NY 
< ally 
o MAR. Thirteenth Annual Seminar. Electro- 
<i 2a+28 cardiographic interpretation of Com- 


plex Arrhythmias: A Physiological Ap- 
proach. Charles Fisch, FACC and 
Douglas P. Zipes, FACS, directors. in- 
diana University Medical Center, India- 
napolis, IN 





Cardiology for the Consultant: A Clini- 
cian’s Retreat. E. Grey Dimond, FACC 
and James E. Crockett, FACC, directors. 
Rancho Santa Fe Inn, Rancho Santa Fe, 
CA 


Coronary Artery Disease: A Compre- 
hensive Review. James S. Forrester, 
FACC, director. Century Plaza Hotel, Los 





Angeles, GA 

APR. Consultant's Course in Cardiology. 

14-18 Louis E: Teichholz; - FACC,- -Richard 
Gorlin, FACC, Simon Dack, FACC and 
Ephraim Donoso, FACO, directors. Mt. 
Sinai Medical Center, New York, NY 

* 
722 


APR. V Basic Workshop. 

16-18 Alberto Benchimol, FACC, director. 
Scottsdale Hilton Hotel, Scottsdale, 
AZ 

APR. Practical Cardiology for the Family 

21-23 Physician. Robert S. Eliot, FACC, di- 
rector. Marriott Hotel, San Antonio, TX 

APR, The Pathology of Congenital Heart 

24-26 Disease. Maurice Lev, FACC, Jesse E. 
Edwards, FACC and Saroja Bharati, 
FACC, directors: Palmer House, Chi- 
cago, IL 

APR. New Concepts in Clinical Electrocar- 

25-27 diography. William J. Mandel, FACC and 
iwin Hoffman, FACC, directors. Beverly 
Hilton Hotel, Beverly Hills, CA 

May Problems in Management of Valvular 

1-3 and ischemic Heart Disease. Leonard 
G. Christie, Jr., FACC, Carl J. Pepine, 
FACC and C. Richard Conti, FACG, di- 
rectors. Harstan Convention Center, 
Innisbrook Resort and Golf Club, Tarpon 
Springs, FL 

MAY Fifth Annual Symposium on Cardio- 

3-6 vascular Nursing: Henry J. L. Marriott, 
FACC and Leo Schamroth, FACC, di- 
rectors. Carillon Hotel, Miami Beach, 
FL 

MAY Clinical Auscultation of the Heart. W. 

7-9 Proctor Harvey, FACC, director and 


Antonio C. deLeon, Jr., FACC and John 
F. Stapleton, co-directors. Georgetown 


March 1980 The American Journal of CARDIOLOGY Volume 45 


University Medical Center, Washington, 
DC 


Trends in Cardiology (With Emphasis 
on. Coronary Atherosclerotic Heart 
Disease). J. Willis Hurst, FACC, director 
and Robert ©. Schlant, FACC, co-di- 
rector. Sheraton Atlanta Hotel, Atlanta, 
GA 


MAY 
12-14 


MAY 
18-17 


Acute Myocardial infarction: Recog- 
nition—-Management—-Rehabilitation. 
Arthur Selzer, FACC and Keith E. Cohn, 
FACC, directors. The St. Francis Hotel, 
San Franeisco, CA 


MAY 
21-23 


Diagnosis and Treatment of Dysrhyth- 
milas in Children. Paul C. Gillette, FACC, 
Arthur Garson, Jr. and Dan G. MoNa-- 
mara, FACC, directors. Texas Children’s, 
Hospital, Houston, TX 











LEARNING CENTER: PROGRAM CALENDAR 


The American College of Cardiology’s newest department, the Learning 
oo Center, located. at the College's Bethesda Maryland headquarters, began 
oo operations in October 1977 with the offering of “ts first continuing 
_ medical education program for physicians with a specialty or an interest 
= in cardiovascular medicine: The purpose of the Learning Center is to 
Support the professional commitment to quality patient care by providing 














">. Month/Dates 





MARCH THROUGH JULY 1980 







a new standard ot excellence in cardiovascular continuing educatio 
For additional information concerning the programs listed below 
a complete schedule of programs through July 1980, contact Progran 
Coordinator, Learning Center, American College of Cardiology, 911 
Old Georgetown Road, Bethesda, Maryland 20014. Telephone (80 
897-5400. 











Title of Program 





-Program Director 
- March 24-26 nak Maritie, MD 
March 27-28 John A. Spittell,Jr., MD 
~ Aprit 9-11 Victor Parsonnet, MD 
. April 14~16 Keith Cohn, MD 
April 24-23 Nanette K. Wenger, MD 
April 28-30 Pravin M. Shah, MD 
May 1-3 — Daniel’ S. Berman, MD 
< May 8-7 Robert G. Tancredi, MD 
May 12-14 ‘Gils Lemberg, MD 
May 19-21 Arthur E Weyman, MD 
May 28-30 Elliot Rapaport, MD 
June 2-4 Borys Surawicz, MD 
July 14-16 Arthur D. Hagan, MD 
duly 24-26 Victor F. Froelicher, Jr., MD 
> L: Henry, MD 


Rehabilitation of the Coronary Patient 


Cross-Sectional Echocardiography 


z cose the Consultant 


Quality Assurance and Management for Cardiovascular Nurses 
Peripheral Vascular Disease 
Current Concepts in Pacing 


Exercise Testing 






M-Mode and 2-Dimensional Echocardiography: Current Status and Future 


Nuclear Cardiology — 
Management of Pulmonar, Renal and Electrolyte Disorders in: Cardiac Pal 


Cardiology Update for Intensive Care Unit Nurses 


Advanced Cardiac Electophysology 1 for RERE 


Fundamentals of Clinical Echocardiography for the Non Echocerograp 


Exercise Testing 





30TH ANNUAL SCIENTIFIC SESSION 
AMERICAN COLLEGE OF CARDIOLOGY 


MARCH. 15-19, 1981 
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HE WHOLE PAPER 


« Address manuscript to Managing Editor, 

“American Journal of Cardiology, 666 Fifth 

we., New York, NY 10019. 

Submit two copies of all elements of the 

icle: text; references, legends, tables and 
eso ; 

range the paper in this order: (1) title 

(2) abstract; (3) text; (4) references; (5) 

legends: (6) tables; and {7) figures. 

Number all pages in above sequence, be- 

ginning. with title page-as 1, abstract as 2, 

etc. 

‘Type all matter: (1) on 8%.X.11 opaque 

_white bond paper: (2) in duplicate: (3) on one 

e of each sheet only; (4) double-space: (5) 

ve wide margins, all four. sides. 


THE TITLE PAGE 

include first names, degrees and, where 
‘applicable, FACC for all authors. 

Provide a short running tite of 3 to 6 
ords: 

-insert.at bottom: name and address of in- 
tion from which work originated plus in- 
mation about grants. 

© Add at bottom the phrase “Address for re- 
prints: .. .’" followed by full name and address 
‘with zip code. 


THE ABSTRACT 


-s Limit words-as follows: 100 to 250 words for 
major articles; 50 to 100.words for case re- 
ports. 
/Add:at-end-of abstract: list of 2 to 6 key 
rds and subjects for indexing. 








| THE TEXT. 


* Type in duplicate; double-space. 
‘Do not use abbreviations such as SVC, 
PW: write out superior vena. cava, Wolff- 
arkinson-White. . 










© Abbreviate measurements (mm; kcal and 
_ the like) as recommended in Uniform Re- 
-quirements for Manuscripts: Submitted. to 
`- Biomedical Journals, published in Am Rev 
Respir Dis 1979: 119:3-10::Ann Intern Med 
1979; 90:95-9; Br Med 41979; 1:532-5; and 
Lancet 1979:1:428-30: 


+ 





INSTRUCTIONS FOR AUTHORS 





The editors of THE AMERICAN. JOURNAL OF CARDI 
articles devoted to cardiovascular disease. Articles 1 
to THE AMERICAN JOURNAL OF CARDIOLOGY. and £ 
Publisher. The Publisher reserves copyright and renew: 
and such material may not be reproduced in any form wi 
of the Publisher. Statements in articles are the respansil 
will assist the editors in the prompt processing of manu 


are followed: 


+ Cite in numerical order every reference, 
figure and table. (Order cf mention in text de- 
termines the number given to each.) 

e Place acknowledgments at end of text, be- 
fore references. 


THE REFERENCES 


* Type in duplicate; double-space. 

« Number the references in order in which 
they are mentioned in text. 

+ Provide concluding page numbers for all 
journal references and specific page numbers 
for all book references. indicate all abstracts 
by the abbreviation (abstr). ` 

¢ Follow the general arrangement, abbrevi- 
ations and punctuation styles shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e. Type in duplicate; doubdie-space. 
«Identify at the end of each legend and in al- 
phabetical order all abbreviations in the figure 


THE TABLES 


+ Start each table at top of new page. 
è Type in duplicate; double-space. 


e Give gach: 
merals: Table | 
tables in-order 
the text. 

* Provide.a f 
fying in alphal 
used. 


THE FIGUF 


æ Submit 2 glo 
photo and drar 


-e Please note 


cles will not be 
+ Use black ir 
Make decima 
enough for rep 
* Use arrows 
« Crop phota 
sential field. 

* identify figit 
thers name. 

* Number figl 
mentioned in il 
+ indicate top 
» Submit writ! 
and author tor 
lished figures. 
s Limit figures 
ity. The publish 
reproduction: 





Examples of Styles of Reference 


For periodicals, follow INDEX MEDICUS, listing aif authors (i 


only 3 and add et al.): 


31. Vismara LA, Vera Z, Miler- RR, Mason DT, Eflicacy of disopyrar 
treatment of refractory ventricular tachycardia. Am J Cardol 197 


(Author: please note that no periods are used afte 


For chapter in book: 


28. Schiebler GL, Van Mierop LHS, Krovetz Li. in; Moss Ad Adame F. 
iminfants, Children and Adolescents. Seltimore: Williams & Wikir 


For books (personal author or authors): 


36. Bene E. Principles of Group Treatmertt. New York: Oxford Univer 


(Author: all book references should have specific 





2 724 March 1980 The American Journal of CARDIOLOGY Volume 45 










A New Sector 
Scanner Specifically 
for Cardiology zr 


Features that make 
the difference: 





NASA — Setting 
ew standards in 
eeing our universe 
ded by digital 

image processing 





Excellent image quality 


Rapid accurate imaging 
through all major 
anatomical windows 


New image processing 
functions with the 
Digital Scan Processor 


Advanced image 
quantification capabilities 





Solid state reliability Medical Group, } 


Varian Associates, Inc. 


Established service support 611 Hansen Way 
: Palo Alto, CA 94303 
A company recognized for Tel. 415/493-4000 


its experience and success 
in advancing cardiac ultrasound 


varian 





Support in Patients with 
utput Cardiac Failure 








\ 


Selectively Increases 
Myocardial Contractility 

with Consistent 
Hemodynamic Improvements 


Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
tapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. Increase in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
tisk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity—Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 

, case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction—Clinical experience with Dobu- 
trex following myocardial infarction has 


been insufficient to establish the safety of the 


< Dobutrex: 


Dobutamine HCI 


For I.V. Injection 
250 mg* in 20-mI-size vials 
* Equivalent fo dobutamine 






drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 


Usage in Pregnancy—Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 

Pediatric Use—The safety and effective- 
ness of Dobutrex® (dobutamine hydro- 
chloride, Lilly) for use in children have not 
been studied. 

Drug Interactions—There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: increased Heort Rote. 
Blood Pressure, and Ventricular Ectopic 
Activity—A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects.) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects—The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 

No abnormal laboratory values attribut- 
able to Dobutrex have been observed. 

longer-lerm Safety—infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
Pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patient's condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability—Dobutrex® (dobutamine hy- — 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 5% Dextrose Injection. 
To reconstitute, add 10 mi of diluent to Vial 
No. 7051, Dobutrex, 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 mi prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage—the rate of infu- 
sion needed to increase cardiac output — 
usually ranges from 2.5 to 10 mceg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
50,500, and 1000 mcg/ml 
Infusion Delivery Rate 





Drug Delivery 
Rate 250 mcg/mi* 500 meg/mi+ 1000 meg/mit 
(meg/kg/min) (ml/kg/min) (ml/kg/min) (mi/kg/min) 
2.5 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
7.5 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
12.5 0.05 0.025 0.0125 
15 0.06 0.03 


*250 mg per liter of diluent 
+500 mg per liter or 250 mg per 500 mi of diluent 
+1000 mg per liter or 250 mg per 250 mi of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determinec 
by heart rate, presence of ectopic activity 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. 1001678} 


Additional information available to 
the profession on request. 


Lidy Eli Lilly and Company 


Indianapolis, Indiana 46206 





Thanks to a CyberLith™ 
pacemaker Connie’s life is 


back on track. 


FOR PATIENTS, LIKE CONNIE, WHO DON’T RESPOND 
TO DRUG THERAPY, A CYBERLITH CAN PROVIDE A 
NORMAL, ACTIVE LIFE. 


Less than four months after her pacemaker implant Connie 
Yanosick finished 98th out of 409 participants in an annua 
nationally sponsored 6.2 mile race. Connie is an active young 
woman. She is assistant coach of the women’s basketball team at 
Mount Aloysius College in Cresson, Pennsylvania, where she is 
studying to be an occupational therapist assistant. She is also a 
resident advisor in her dormitory and treasurer of the school’s 
Occupational Therapy Club. 


Like any college student, Connie enjoys visiting with her 
friends for late-night talk sessions. Classmates majoring in nursing 
frequently check Connie’s pulse just to experience what they term 
the pacemaker “click-in.” A member of an athletic family, twenty- 
year-old Connie still rough-houses with her siblings who don’t 
consider her to be “fragile or different.” 


Obviously, Connie is a happy, healthy young woman. Her 
bradycardia is controlled by a CyberLith. Of course her personal 
lifestyle will change over the coming years. But the multi- 
programmable CyberLith will permit her physician to accommo- 
date her changing physical requirements. We feel very certain that 
Connie will experience a lot of living in the future. 


Connie’s CyberLith is just one model in the growing family 
of specialized CyberLith pacemakers. Thin and lightweight, 
CyberLith pacemakers permit noninvasive adjustment of stimula- 
tion rate, pulse width, sensitivity level and pacing mode. And, 
the CyberLith has a longer history of reliability than any other 
programmable multi-parameter pacemaker line. CyberLith 
put Connie back on track. It could be the pacemaker of choice 
for your patients. 


499 Intermedics Inc. 


PO. Box 617 Freeport, TX 77541 
Tel: 713/233-8611 
Toll Free: 800/231-2330 


Our business is life.™ 


Cyberkith™ is a trademark of Intermedics, Inc:, Freeport, TX. 
F 








Intermedics Pulse Generators 
INDICATIONS AND CONTRAINDICATIONS 


The indications for cardiac pacemaking are increasing as pacemakers become 
more sophisticated and as advanced methods for patient management become 
more widespread. Generally accepted indications for long-term cardiac pacing 
include but are not limited to: (1) sick sinus syndrome; (2) chronic, symptomatic 
drug-resistant sinus arrhythmias, includirg sinus bradycardia, sinus arrest, and 
sinoatnal (S-A) block as seen in sick sinus syndrome; (3) chronic, symptomatic 
second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome 
(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch 
block; and (7) hypersensitive carotid sinus syndrome (carotid sinus syncope). In 
addition, certain patients presenting with intractable, recurrent, congestive heart 
failure, cerebral or renal insufficiency; or recurrent, drug-resistant tachyarrhythmias 
who have been shown to benefit from temporary cardiac pacing are considered 
candidates for permanent cardiac pacemaking. 

The indications for permanent pacing in the presence of acute myocardial 
infarcnon have not yet been rigorously defined. Factors to be considered include 
the location of the myocardial infarct, the presence or absence of symptoms, ven- 
‘tricular rate, mechanism of the arrhythmias, and response to therapy. In general, 
symptomatic drug-resistant bradyarrhythmias which impair cardiac output are cons- 
idered indications for pacing in patients with acute myocardial infarction, regard- 
less of infarct location. 

There are no known contraindications to the use of pacemakers as a medical 
method for control of heart rate. However, body rejection phenomena such as 
local tissue reaction or skin necrosis, muscle and nerve stimulation, embolism, and 
cardiac tamponade have been reported 


CAUTION: Federal (U.S.A.) law restricts this device to sale 
by or on the order of a physician. 


NOTE: The CyberLith and the CyberLith Programmer are currently 
undergoing clinical evaluation. 
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How to Keep Up with 
Drug Interaction in 
Cancer Chemotherapy 


Three authorities from 
a leading medical center show 
you how to use the most current 
chemotherapeutic agents 





ame A SYNOPSIS OF 


>*= Cancer 


emotherapy~ 


At last a way to keep up with the bewildering prolifera- 
tion of new chemotherapeutic drugs which have 
come into use relatively recently. This just published 
guide will be valuable to every hospital, and every on- 
cology specialist, general internist, clinical pharma- 
cist, and nurse oncologist. 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
concise, readily understandable “how to” manual. 
Developed originally for staff use at The New York 
Hospital-Cornell Medical Center, the concept proved 
so successful it was decided to make it available to 
other professionals. The new users of the SYNOP- 
SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 
work-book style to keep reading time to a minimum. 


The reader can quickly find the 
following for both commercially 
available and investigational 
drugs 

© Structure 

e Mechanism of Action 

© Pharmacokinetics 

Toxicity 

© Therapy 

© Availability 


The chemotherapeutic agents in 

the main listing section cover 

these categories 

e Alkylating Agents 

e Antimetabolites 

© Mitotic Inhibitors 

© Antibiotics 

® Miscellaneous (includes such 
drugs as Mithramycin, 
Mitotane, etc.) 
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RICHARD T. SILVER, MD, F.A.C.P., F.A.B.C.O. 

Chief, Oncology Service, Div. Hematology-Oneology, 
Clinical Professor of Medicine, Cornell University Medical 
College, Attending Physician, New York Hospital, Exec 
Officer. Cancer & Leukemia Group B 


R. DAVID LAUPER, Pharm. D. 
Asst. Director for Education and Information, Pharmacy 
Dept., New York Hospital-Cornell Medical Center. 


CHARLES |. JAROWSKI, MD 

Instructor in Medicine, Cornell University Medical College, 
Senior Chemotherapy Fellow, Div. of Hematolegy-Oncology, 
The New York Hospital. 
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Use it for 30 days—FREE 


Refer to it tor chemotherapeutic drug information for a full 
month. Then keep the book only if you want itfor permanent 
reference Otherwise simply return it and owe nothing. You 
have nothing to lose and a whole world of valuable life-saving 
knowledge to gain. Order right now! 


YORKE MEDICAL BOOKS 
666 Fifth Ave., New York, N.Y. 10019 


AJC 3/80 


YES! Please send me a copy of ASYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and if not completely satisfied, return it 
for full credit or refund. 


O Payment enclosed, publisher pays shipping cost. 


Name 





Address 





City State Zip 
New York State residents add applicable sales tax 








| 
| 
| 
Í 
| 
| O Bill me plus cost of shipping 
| 
| 
| 
| 
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CRITICALCARE. 





The new CRITIKON 


The company totally 
committed to critical Care. 





To create the new Critikon, Johnson & Johnson consolidated these 
established critical care names and product lines into one company: 


e The complete product lines of Jelco Laboratories and Applied Medical 
Research. 


e Blood/gas monitors from Critikon Division, McNeil Laboratories. 


e I.V. infusion pumps and Lanz™ tracheal tubes from Extracorporeal 
Medical Specialties. 


This concentration on critical care medicine has some special benefits 
for you and your patients. 


For instance, our sales force is now unified and expanded. Each repre- 
sentative now covers a smaller area, has more time to devote to your 
critical care needs, and is closer than before when you need quick 
service. 

By combining our research teams, we can expand our R & D programs, 
develop new and better products, and improve cost effectiveness. 
And we promise you this — we will service what we sell. If Critikon 
medical electronic equipment should need servicing, we will handle 

it on the spot or at one of our new regional service centers. 

Bigger can mean better. And stronger. Better products and a stronger 
service capability for all of your needs. Critikon— our commitment is to 
critical care. 


Write or call for more information: Critikon, Inc., P.O. Box 22800, Tampa, 
FL 33622. 800-526-3928 (In New Jersey: 201-524-2555.) 


CRITIKON 

















Automated Blood Pressure 
Monitoring 
e DINAMAP® Noninvasive 
Blood Pressure Monitors 
and Recorders 


















e OXYCHEK™ Oxygen 

_ Monitoring System 

© OXYTRODE™ Arterial 
Monitoring System 

* OXYTRAK™ Oxygen 
Analyzer 

* OXYTRODE™ Sensor 

* SENSOMAT™* III 

























Drug Administration Devices 





¢ JELCO® Disposable Hypo- 
dermic Needles 








200 
000 
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Continuous Oxygen Monitor 


¢ JELCO® Disposable Syringes 


Products to take some of the crisis 
out of critical care. 


Vein/Artery Access Devices 
e JELCO® I.V. Catheter Place- 
ment Units 
e JELCO® I.V. Catheter Place- 
ment Units with Syringe 
e CATHLON IV® Catheter 
Placement Units 
e JELCO® I.V. Catheter Kits 
e JELCO® I.V. Prep and Care 
Kits 
e JELCO® LV. Stylet 
¢ JELCO® Intermittent 
Injection Cap 
e Long-Term Parenteral 
Alimentation Catheter 
(Scribner Type) 
Blood Collection Devices 
e JELCO® Blood Collection 
Needles 








( CRITIKON | 


The Critical Care Company. 
P.O. Box 22800, 5041 West Cypress Street, Tampa, FL 33622 800-526-3928 (In N.J.: 201-524-2555) 


Intravenous Fluid Management 
Devices 
e Model 2100 SIMPLICITY™ 
Infusion Pump 
e HOLTER® Series Infusion 
Pumps 
e LV. Filters 
e JELCO® Disposable Filter 
Needle 
© JELCO® Disposable Filter 
Tube 
Temperature Monitoring 
è TEMP-A-STRIP® Brand 
Temperature Trend Indicator 
¢ JELCO® Esophageal Multi- 
Probe Il 
Airway Management Devices 
e LANZ™ Endotracheal Tubes 
¢ LANZ™ Tracheostomy Tubes 
e LANZ™ Tracheostomy Tubes 
with Inner Cannula 





Announcing 
the SKI M-mode to Real-time 
Conversion Program. 


A unique opportunity for 
owners of the Ekoline 20A. 


There'll never be a better 
time to expand your M-mode 
system to scanning. 


Here’s what we'll do to help. 
We will exchange your Eko- 


line 20A M-mode system for a 


new factory assembled and calibrated Eko- 
Sector I*two-dimensional scanning system 
with a full one-year warranty at a price 
which is bound to match your needs and 





x 4 





r wyr 








budget. And to make your pro- 
cedures easier and faster, you 
get at no extra charge our M- 
mode Transducer Kit and 30° 
High Resolution Probe Head. 


Take advantage of this 
special offer today. 


For more details, call toll-free 800-538-1556. 
In California, call collect 408-732-6000. Or 
return this coupon. 


SmithKline Instruments, Inc. 
880 West Maude Avenue 
a Semuthine company Sunnyvale, CA 94086 


Please contact me immediately with 
complete information about your 
M-mode to EkoSector I Conversion 
Program. Please phone me at ( ) 
to arrange a time. 








Name 





Hospital/Clinic 





Street 





City State Zip 


Other SmithKline offices: Australia— 
Brookvale, N.S. W.; Canada—Mississauga, 
Ontario; Latin America/Far East— 
Sunnyvale, California; England—Welwyn 
Garden City, Hertfordshire. 
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For ventricular arrhythmias. 
For atrial arrhythmias. 


For smooth, trouble-free conversion. 


-For steadv maintenance. 
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o Greater GI tolerance 
than with quinidine sulfate 
o Full quinidine cardiodynamics 
o Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonaite) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
—whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


‘eviado, D. M., Krantz and Carr’s Pharmacologic Principles of Medical 
-MEsctice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tabiets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial, | 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with compiete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated” 
with quinidine. WARNING: In the treatment of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven-/ 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mc.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage: ;, 
must be adjusted to individual needs, both for conversion and main- E 
tenance. An initial dose of 1 to 3 tablets may be used to Se. a 
arrhythmias, and may be repeated in 3-4 hours. If norma! sinus eee 

is not restored after 3 or 4 equal doses, the dose may be increcse: 

by % to 1 tablet (137.5 to 275 mg.) and administered three to "ae 
times before any further dosage increase. For maintenance,, one 
tablet may be used two to three times a day; generally one tablets 
morning and night will be adequate. SUPPLIED: Uncoated, scored + 
tablets in bottles of 100. a 
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